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In mature rat sensory neurons, expression of the gene for 
the growth-associated protein, GAP43, was studied by in 
situ hybridization with a cDNA probe. Among neurons in 
normal lumbar dorsal root ganglia, labeling for GAP43 mRNA 
was heterogeneous, approximately one-half of the neurons 
being densely labeled. To characterize the latter population, 
individual neurons were examined in adjacent sections pro- 
cessed either for GAP43 hybridization or NGF-receptor ra- 
dioautography. Virtually all neurons with high-affinity NGF 
binding sites had high basal levels of GAP43 mRNA and most 
GAP43-positive neurons bore NGF receptors. Another NGF- 
responsive population, sympathetic neurons in the superior 
cervical ganglion, also had high basal concentrations of 
GAP43 mRNA. Further co-localization studies in dorsal root 
ganglia were performed with immunohistochemistry for so- 
matostatin and enzyme histochemistry for acid phospha- 
tase. The latter 2 groups of sensory neurons have been 
previously shown to lack high-affinity receptors and were 
here shown to have low basal concentrations of GAP43 
mRNA. From this and earlier studies, it can be assumed that 
substance P-immunoreactive neurons and strongly positive 
CGRP neurons synthesize GAP43 at high basal rate. One 
week following peripheral nerve transection, almost all neu- 
rons had high concentrations of GAP43 mRNA without cor- 
relation with NGF binding. lntrathecal infusion of NGF after 
the sciatic nerve was cut did not strongly influence this post- 
traumatic elevation in GAP mRNA. 

In normal dorsal root ganglia, neurons that have high-af- 
finity NGF binding sites and are therefore potentially re- 
sponsive to NGF also have high basal rates of synthesis of 
GAP43. As an early response to nerve injury, synthesis of 
GAP43 is increased in sensory neurons irrespective of 
whether they are NGF-responsive. The synthesis of GAP43 
in sensory neurons appears to be regulated by NGF under 
normal conditions but by some alternative signal soon after 
axonal injury. 
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Growth-associated protein GAP43 (also known as B50, Fl, pp 
46 and pp 57, and neuromodulin) is widely considered to be 
involved in neuronal mechanisms underlying axonal growth, 
axonal regeneration, and synaptic plasticity (Benowitz and 
Routtenberg, 1987). Through molecular mechanisms that have 
not yet been fully elaborated (Gispen, 1986; Alexander et al., 
1988), GAP43 is thought to contribute directly to the outgrowth 
ofneuronal processes (Zuber et al., 1989). While first recognized 
for its increased synthesis and axonal transport in neurons re- 
sponding to peripheral nerve injury (Skene, 1984; Bisby, 1988) 
GAP43 and its mRNA are also detectable in some regions of 
the normal brain (Benowitz et al., 1988; Neve et al., 1988). 
More GAP43 immunoreactivity has been detected in unmyelin- 
ated than myelinated axons both in normal rat sciatic nerves 
and in the proximal stump of transected nerves (Tetzlaff et al., 
1989) and intense immunohistochemical staining has been ob- 
served in varicose axons innervating the vasa vasorum of the 
sciatic nerve and in unmyelinated axons of the myenteric plexus 
(McGuire et al., 1988; Sharkey et al., 1989). Thus, GAP43 nor- 
mally appears to be heterogeneously distributed in both the 
peripheral and central nervous system. 

The signals following nerve injury that trigger an increased 
synthesis of GAP43 (Bisby, 1988) and a regenerative propensity 
(McQuarrie and Grafstein, 1973; Richardson and Verge, 1986; 
Molander et al., 1988) in nerve cell bodies are not well under- 
stood. With respect to nerve growth factor (NGF) as a possible 
signal, the observations are paradoxical: both regenerative be- 
havior and its marker, GAP43, are induced in vitro by NGF 
(Karns et al., 1987; Federoff et al., 1988) yet also induced in 
vivo by axotomizing lesions that restrict the normal supply of 
NGF to neurons. However, it has not been proven that all 
sensory neurons respond in the same way to axotomy: only 
some sensory neurons have high-affinity NGF receptors (Verge 
et al., 1989a, b), and it might be speculated that injured NGF- 
responsive and NGF-unresponsive neurons differ in GAP43 
synthesis and conditioning responses. 

In experiments to be described, expression of the GAP43 gene 
was studied in normal and injured rat primary sensory neurons 
by in situ hybridization with a cDNA probe. Emphasis was 
placed on heterogeneity among sensory neurons in GAP43 
mRNA content and on possible correlations between GAP43 
and the high-affinity NGF receptor. 

Materials and Methods 
Animal surgery. Experiments were performed on 26 adult female 
Sprague-Dawley rats weighing approximately 200 gm. In some rats, the 
right sciatic nerve was transected with microsurgical technique under 
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Figure I. Left, Dark-field photomicrograph of GAP43 hybridization 
to rat superior cervical ganglion. x 55. Right, Northern blot preparation 
of total cytoplasmic RNA from control L, DRG (con) and DRG as- 
sociated with axonal transection 5 d previously (ax). The filter was 
hybridized with YS-GAP43 cDNA which recognizes a single mRNA of 
1.4 kb and much greater manifestation following injury. 

pentobarbital anesthesia (50 mg/kg, i.p.). To expose the sciatic nerve at 
its origin from the fourth and fifth lumbar (L,, L,) spinal nerves, a small 
amount of bone was rongeured from the iliac crest. The sciatic nerve 
was cut, and a 5 mm segment was removed. In some instances, @-NGF 
from male mouse submandibular glands (Mobley et al., 1976; Chapman 
et al., 198 1) was infused into the lumbar subarachnoid space at 125 ng/ 
hr. For this purpose, Silastic tubing, 0.012 inches in diameter (Dow- 
Coming), was connected to an osmotic pump (Alza model 2001) and 
passed through the dura and arachnoid at the lumbosacral junction so 
that a 1.5 cm segment lay intrathecally. The pump was secured to the 
lumbar fascia. Tissues were analyzed from normal rats and rats that 
had undergone sciatic nerve transection 1 week previously with or with- 
out subsequent NGF infusion. Rats were deeply anesthetized with pen- 
tobarbital and perfused per aorta with cold PBS (pH 7.4). The L, DRG 
and/or superior cervical ganglion were removed, quickly frozen in iso- 
pentane, and stored at -80°C for several days. In rats with cut sciatic 
nerves, the right and left L, DRG were frozen in the same block of 
Tissue-Tek (Miles Laboratories) so that they could be processed on the 
same slide under identical conditions. 

Northern blotting. Total cytoplasmic RNA was prepared from 4 pooled 
DRG (L,,, L,) according to a standard technique (Schibler et al., 1980). 
Equal amounts of RNA were fractionated by electrophoresis on 1.2% 
agarose gels in the presence of 1 M formaldehyde (Maniatis et al., 1982) 
and blotted onto nitrocellulose by capillary transfer. The filters were 
covered for 2 hr at 43°C in prehybridization solution containing 50% 
formamide, 5 x Denhardt’s solution, salmon sperm DNA and tRNA 
(250 &ml), DTT (100 mM), 0.2% SDS, 75 mM NaCl, 25 mM EDTA 
in 25 mM PIPES buffer, pH 6.8. Hybridization for 12-14 hr again at 
43°C was performed using the same solution with the addition of a 35S- 
labeled GAP43 cDNA probe (2 x lo6 cpm/ml, 10-20 @ml), which 
was generated by random oligonucleotide primed labeling (Feinberg and 
Vogelstein, 1983) of an isolated cDNA insert (Basi et al., 1987). Posthy- 
bridization washes were carried out with 4 x , 2 x , 1 x ,0.5 x , and 0.1 x 
SSC at 45°C. Dried filters were exposed to Kodak X-omat x-ray film 
for l-2 weeks and developed. 

In situ hybridization. Cryostat sections, 5 pm thick, were thaw-mount- 
ed on gelatin-coated slides, postfixed in phosphate-buffered 4OYa para- 
formaldehyde and treated for prehybridization and hybridization as 
previously described (Miller et al., 1987). After fixation, the sections 
were washed in PBS. treated with proteinase K (10 &ml) for 8 min at 
room temperature, fixed again for -5 min in 4% paraf&maldehyde, and 
dehydrated in 70, 90, and 100% ethanol in 0.3 M sodium acetate. After 
brief drying, the sections were prehybridized, hybridized, and washed 
with the same solutions used for Northern blotting. Sections were dipped 
in Kodak NTB, emulsion, diluted 1: 1 in water, exposed in the dark for 
2-3 weeks, and developed. Control slides were hybridized with ‘S- 
labeled plasmid DNA rather than GAP43 cDNA. 

NGF-receptor radioautography. Unfixed cryostat sections adjacent to 
those used for GAP43 hybridization were incubated for 90 min at room 
temperature with 50 PM lz51-NGF, postfixed, defatted, dipped in emul- 
sion, exposed in the dark for 4 d, developed, and stained. As described 
previously (Verge et al., 1989a), this technique is designed to detect 
high-affinity NGF binding with half-maximal saturation by picomolar 
concentrations of NGF. 

Histochemistry. Histochemical procedures for detecting somatostatin 
immunoreactivity and acid phosphatase enzyme activity in postfixed 
tissue sections have been previously described in detail (Verge et al., 
1989b). For immunohistochemistry, sections were postfixed in buffered 
formaldehyde/pi&c acid, pretreated with hydrogen peroxide to deplete 
endogenous peroxidase, incubated overnight with antisomatostatin-28 
(S309 serum generously provided by Dr. Robert Benoit) and processed 
with avidin-biotin reagents and HRP histochemistry. For acid phos- 
phatase localization, sections were postfixed, rinsed, incubated in a so- 
lution containing thiamine monophosphate chloride and lead nitrate, 
and developed with a sodium sulfide solution. 

Image analysis: To correlate GAP43 hybridization and high-affinity 
NGF binding sites, montages were prepared from adjacent sections and 
each neuron with a visible nucleolus in 1 of the 2 sections was identified 
and numbered in both sections (Verge et al., 1989b). Then, NGF-re- 
ceptor radioautography and GAP43 hybridization were quantified by 
computer-assisted image analysis (Richardson et al., 1989) of individual 
neurons viewed under oil-immersion light microscopy. By tracing of 
the periphery of identified neurons, the cross-sectional area and fraction 
of area covered by silver grains were measured. To obtain the fraction 
of cytoplasm covered by silver grains v), nuclear labeling and area were 
subtracted from total area and labeling. The fractionfl( 1 -fl designated 
“labeling density” was used to correct for grain overlap (Richardson et 
al., 1989). 

Areas were obtained for the same neurons in both preparations and 
corrected for 8% linear shrinkage in receptor radioautographs: the great- 
er of the 2 measurements was taken as the true area and the diameter 
was calculated on the assumption that neurons were spherical. To avoid 
negative numbers and permit logarithmic conversion, total labeling was 
used without subtraction of background labeling. Labeling densities 
were normalized by reference to background labeling obtained by mea- 
suring grain densities over several areas of the ganglia devoid of nerve 
cell bodies. Statistical analyses were performed by computer according 
to published algorithms (Press et al., 1988). 

Results 
Northern blots of DRG (Fig. 1) showed that the probe was 
recognizing a single mRNA species of 1.4 kb (Basi et al., 1987) 
and that the mRNA in DRG increased substantially following 
sciatic nerve transection. For the superior cervical ganglion, 
where most neurons bear high-affinity NGF binding sites (Rich- 
ardson et al., 1986), in situ hybridization yielded strong labeling 
over virtually all neurons (Fig. 1). Hybridization of radiolabeled 
plasmid DNA to L, DRG gave no specific labeling. 

Normal DRG 

Labeling with GAP43 cDNA was extremely heterogeneous 
among neurons in normal L, DRG (Fig. 2), ranging from less 
than background to almost 100 times background (Fig. 3) in 
most preparations. Histograms of labeling densities (Fig. 3) for 
preparations from 5 normal DRG did not suggest a single neu- 
ronal population but rather the existence of 2 normally distrib- 
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Figure 2. Photomicrographs of adja- 
cent sections, 5pm thick, from LI DRG 
processed for GAP43 hybridization (left) 
or NGF-receptor radioautography 
(right). Note that 7 neurons are heavily 
labeled and 3 large neurons are lightly 
labeled with each of the 2 markers. 
x 700. 

uted populations (on a logarithmic scale) with mean labeling 
densities in the order of 2-3 times background and 5-20 times 
background. Labeling tended to be denser in small rather than 
large neurons (Fig. 4), although many small neurons were lightly 
labeled and some large neurons were heavily labeled. 

As in earlier studies, histograms of the binding of 1251-NGF 
to L, DRG neurons could be fitted to 2 normal curves with 50- 
60% and 40-50% of the neurons (Verge et al., 1989a, b). Evi- 
dence has been presented that these 2 curves represent neurons 
without and with high-affinity NGF receptors (Verge et al., 
1989b). Inspection of groups of sensory neurons suggested a 
correlation between labeling with NGF and GAP43 mRNA (Fig. 
2). To verify this impression, detailed quantitative analysis was 
performed on pairs of adjacent sections from 4 normal DRG. 
One ganglion was from an unoperated rat, and 3 were left L, 
DRG removed 1 week after right sciatic nerve transection. No 
difference was noted between the true normal ganglion and other 
3 control ganglia. In log-log plots, GAP43 labeling densities were 
obviously correlated to NGF labeling densities (Pearson coef- 
ficient = 0.34-0.50, p < 0.00001). When the thirds of total 
neuronal population with lightest and heaviest NGF labeling 
were selected to represent neurons without and with high-affinity 
receptors (Table l), mean densities of GAP43 labeling for the 
receptor-bearing populations were 2.3-4.4 times greater than 
those for the receptor-lacking populations @ < 0.0001, Stu- 
dent’s t test). Most neurons could be placed into 1 of 2 clusters 
(Fig. 3)-lightly or heavily labeled by both procedures. Virtually 
all neurons with dense ‘2SI-NGF labeling also had high concen- 

trations of GAP43 mRNA, and most neurons with light NGF 
labeling had little GAP43 mRNA. However, 3-7% ofall neurons 
fell in the subpopulation defined arbitrarily by NGF labeling in 
the lower third and GAP labeling in the upper third. 

In another L, DRG, GAP43 hybridization was examined for 
neurons with somatostatin immunoreactivity and acid phos- 
phatase enzyme activity: both groups have previously been shown 
to lack high-afhinity NGF receptors (Verge et al., 1989b). So- 
matostatin-positive and phosphatase-positive neurons were in- 
variably small and lightly labeled in GAP43 hybridization (Fig. 
4). 

Nerve transection and NGF infusion 
In rats killed 1 week after right sciatic nerve transection, labeling 
by GAP43 hybridization was consistently greater in the 
right than left L, DRG. This observation was made for 4 rats 
by inspection under dark-field illumination of pairs of sections, 
mounted on single slides (Fig. 5). In 2 rats, NGF labeling den- 
sities and GAP43 labeling densities were quantified for both 
right and left L, DRG. In both cases, the mean NGF labeling 
density was significantly reduced (by 25 and 18%) and the mean 
GAP43 labeling was significantly increased (to 2.0 and 2.7 times 
normal). In histograms of GAP43 labeling densities in DRG 
associated with a cut sciatic nerve (Fig. 5), most values fell within 
a single normal curve except for 5-lOoh of the total which re- 
mained at lower values. When GAP43 labeling densities were 
plotted against NGF labeling densities in scatter diagrams for 
individual neurons or as 3-dimensional histograms, no corre- 
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Figure 3. The 3 diagrams all present data from 322 neurons identified 
and quantified for binding of Y-NGF and hybridization with ‘S- 
GAP43 cDNA. The histogram of GAP43 labeling densities (upper) 
shows a bimodal distribution compatible with the existence of 2 pop- 
ulations. The scatter diagram (middle) and 3-dimensional histogram 
(lower) are derived from labeling densities for individual neurons in the 
2 preparations. Note that most neurons fall within 2 clusters, “labeled” 
or “unlabeled” by the 2 markers. 

lation between the 2 labeling densities was detected. Mean 
GAP43 labeling densities for the thirds of the population most 
heavily and lightly labeled by NGF were almost identical. In 
short, 1 week after sciatic nerve transection, the concentrations 
of GAP43 mRNA were homogeneously high in almost all sen- 
sory neurons. 

Three animals were examined 1 week after right sciatic nerve 
transection followed by continuous infusion of NGF into the 

Table 1. Mean GAP43 labeling density ( x background) 

Total Lightly labeled Heavily labeled 
Animal number nonulation bv NGF bv NGF 

1 (normal) 13.2 ? 0.9 5.3 f 0.6 23.1 f 1.5 
2 (normal) 9.8 k 0.6 4.8 k 0.6 18.5 + 1.1 
3 (normal) 19.0 * 1.3 8.3 * 1.3 36.1 f 2.5 

4 (normal) 5.0 + 0.3 3.4 + 0.3 8.0 k 0.6 

3 (cut) 38.4 + 2.0 43.6 + 3.8 40.9 + 3.5 

4 (cut) 13.5 * 0.5 13.4 + 0.8 13.6 k 0.9 

GAP43 labeling densities were calculated for the thirds of normal neurons most 
lightly and heavily labeled by NGF in normal L, DRG from 4 different rats. Also 
included is the comparable information for 2 ganglia associated with the sciatic 
nerve transection, I week previously. Data from animal 1 and animal 4 are 
displayed in Figures 2 and 5, respectively (means + SEM; n = 243-327). 

subarachnoid space. Intrathecal infusion of NGF counteracted 
the loss of NGF-binding sites that usually follows nerve tran- 
section more reliably than application of NGF to the cut nerve 
stump (Verge et al., 1989a). In the contralateral L, DRG as- 
sociated with an intact sciatic nerve, most neurons fell into 1 
of 2 clusters-either heavily or lightly labeled by both proce- 
dures (Fig. 6). NGF infusion seemed to accentuate both GAP43 
and NGF labeling in the heavily labeled subpopulation, so that, 
in 3-dimensional histograms, the 2 clusters of neurons were 
more widely separated than in normal ganglia. Following sciatic 
nerve transection and continuous infusion of NGF, the distri- 
bution of GAP43 labeling densities in the ipsilateral L, DRG 
conformed to a single peak with uniformly high labeling: the 
pattern was similar to that after simple transection. 

Discussion 

Technical considerations 
The presence of a single band on Northern blots and the absence 
of any hybridization with labeled plasmid vector indicate that 
the in situ hybridization is indeed recognizing GAP43 mRNA. 
It is not known whether changes in GAP43 mRNA reflect changes 
in transcription or in mRNA stability. 

The procedures for quantification currently used allow com- 
parison of labeling by GAP43 cDNA among groups of neurons 
in the same section or in different sections on the same slide. 
Because of slide-to-slide variability due to temperature depen- 
dence of the GAP43 hybridization, probe concentration, and 
other unknown factors, we have not compared labeling densities 
from sections processed on different slides. Neither have we 
attempted to convert labeling densities to absolute values of 
cytoplasmic mRNA per cell. This difficult task would require 
rigorous control of conditions plus standardizing hybridizations 
with known amounts of GAP43 mRNA. 

Correlation between GAP43 and NGF binding in normal 
ganglia 
Among normal rat DRG neurons, expression of the GAP43 
gene is strongly correlated with deployment of the high-affinity 
NGF receptor. Given that NGF can influence GAP43 synthesis 
in pheochromocytoma cells (Kams et al., 1987; Federoff et al., 
1988), it seems plausible to attribute the high basal synthesis of 
GAP43 in sympathetic neurons and some sensory neurons to 
continuous stimulation by endogenous NGF. An alternative 
possibility is that periodic mechanical injury to the exposed 
cutaneous terminals of some primary sensory neurons stimu- 
lates a mild manifestation of the cell body response to axotomy: 
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Figure 4. Upper lef, Photomicrographs of adjacent sections of L, DRG processed to show thiamine monophosphatase activity (left) or GAP43 
mRNA (right). Note that the 2 neurons with thiamine monophosphatase activity have little GAP43 mRNA. x 810. Lower left, Photomicrographs 
of adjacent sections processed for somatostatin immunohistochemistry (left) or GAP43 hybridization (right). Note that the somatostatin-positive 
neuron is GAP43-negative. x810. Upper right, Scatter diagram in which GAP43 labeling density is plotted against diameter for 223 neurons 
representing the entire L, DRG. There are wide ranges of size and labeling density with little correlation between the 2 measurements. Middle 
right, Individual neurons were identified to have acid phosphatase acitivy and quantified for GAP43 hybridization on the adjacent section. Note 
that all the neurons with thiamine phosphatase reaction product are small with little GAP43 labeling (n = 48). Lower right, Quantification of 
GAP43 labeling density and size for neurons seen in the adjacent section to have somatostatin immunoreactivity. Somatostatin positive neurons 
are small with GAP43 labeling near background (n = 14). 

degenerated terminals have been observed in the subepidermal is abundantly synthesized even though their axon terminals are 
C fiber network of normal rats (Jackson and Diamond, 1984). minimally exposed to chronic injury. We favor the suggestion 
However, this hypothesis seems highly unsatisfactory for sym- that NGF is causally involved in the high basal rates of GAP43 
pathetic neurons in the superior cervical ganglia, where GAP43 synthesis by some neurons. 
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Figure 5. One week after sciatic nerve transection the left and right L, DRG were removed. Date on the left and right are for the left and right 
DRG. resuectivelv. Uuper, Dark-field photomicrographs of sections after GAP43 in situ hybridization. Note the heterogeneous labeling in the 
normal ganglia and the-increased homogeneous labkling associated with nerve transection. x 55. Middle, Histograms of GAP43 labeling densities 
showing a bimodal distribution in the left DRG and a single densely labeled peak in the right DRG. Lower, Three-dimensional histograms of NGF 
and GAP43 labeling. In the normal ganglion (n = 327), note the correlation between the 2 labels: After nerve transection (n = 248), this correlation 
is lost and GAP43 labeling densities appear to he uniformly high. 

Virtually all substance P-immunoreactive neurons and most Small sensory neurons with somatostatin immunoreactivity 
CGRP-immunoreactive neurons have high-affinity NGF bind- or acid phosphatase enzyme activity have been shown previ- 
ing sites (Verge et al., 1989b), and neurons with significant high- ously to lack high-affinity NGF binding sites (Verge et al., 1989b), 
affinity binding invariably are labeled by GAP43 cDNA (Fig 3). and these neurons are shown here to have low basal levels of 
Therefore, it can be assumed that neurons with substance P GAP43 mRNA. In most normal DRG, a few small neurons 
immunoreactivity and strong CGRP immunoreactivity synthe- were found with little NGF binding but relatively high GAP43 
size GAP43 at high basal level. hybridization: these neurons could represent a true subpopu- 
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Figure 6. Data for left and right L, DRG removed 1 week after right sciatic nerve transection followed by continuous infusion of NGF. Upper, 
Dark-field photomicrographs of sections after GAP43 in situ hybridization. Labeling appears to be supranormal but is still heterogeneous in the 
left DRG and homogeneously high in the right DRG. x 55. Middle, Histograms of GAP43 labeling densities showing a bimodal distribution (left) 
and unimodal distribution (right). The patterns are similar to those in Figure 5. Lower, Three-dimensional histograms of GAP43 and NGF labeling 
showing once again a correlation between the 2 indices when the sciatic nerve is intact (n = 309) and a uniform increase of GAP43 labeling after 
the nerve has been cut (n = 347). 

lation or falsely high GAP43 labeling of small cross-sectional 
areas. 

One speculation is that high basal concentration of GAP43 
confers upon some DRG neurons a capacity for collateral 
sprouting. After injury to a peripheral nerve, some functionally 
defined subclasses of sensory axons from an adjacent nerve can 
grow into the denervated territory (Jackson and Diamond, 1984). 
The fact that such sprouting is blocked by antiserum to NGF 

(Diamond et al., 1987) suggests the involvement of NGF and 
participation of NGF-receptor-bearing neurons: the latter pop- 
ulation is shown here also to express the GAP43 gene. By similar 
conjecture, the outgrowth of uninjured sympathetic neurons in 
response to partial denervation (Kennedy and Sakuta, 1984; 
Kessler, 1985) might also depend upon the presence of GAP43 
within neurons and some local stimulus from denervated 
Schwann cells or target cells. On the other hand, uninjured 
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motoneurons are also capable of sprouting (Brown et al.. 198 1) Diamond, J., M. Coughlin, L. Macintyre, M. Holmes, and B. Visheau 
yet have uniformly low-basal levels of GAP43 (Tetzlaff and 
Bisby, 1988). The possible contribution of GAP43 to sprouting 
might be clarified by better histochemical definition of sensory 
axons that are capable of collateral sprouting. The possibility 
that GAP43 has some unrecognized function in a subpopulation 
of sensory neurons must also be entertained. 

(1987) Evidence that endogenous beta nerve gro&h factor is re- 
sponsible for the collateral sprouting, but not the regeneration of 
nociceptive axons in adult rats. Proc. Nat1 Acad. Sci. USA 84: 6596- 
6600. 

Federoff, H. J., E. Grabczyck, and M. C. Fishman (1988) Dual reg- 
ulation of GAP43 gene expression by nerve growth factor and glu- 
cocorticoids. J. Biol. Chem. 263: 19290-19295. 

Feinberg, A. P., and B. Vogelstein (1983) A technique for radiolabeling 
DNA restriction endonuclease fragments to high specific activity. 
Anal. Biochem. 13: 6-13. Changes after injury 

One week following peripheral nerve transection, the concen- 
tration of GAP43 mRNA is increased in most L, DRG neurons. 
The few neurons with low GAP43 labeling after injury are as- 
sumed to project into the dorsal cutaneous nerve (Diamond et 
al., 1987) and not the sciatic nerve. Although sensory neurons 
differ in some of their degenerative responses to axonal injury 
(Aldskogius and Risling, 1983), the present observations indi- 
cate that synthesis of GAP43 is induced to a high level in all or 
almost all sensory neurons shortly after their axons are cut. It 
remains to be proved that sensory nerve cell bodies are con- 
ditioned to the same extent or maintain high levels of GAP43 
for the same period of time. 

One week after nerve transection, GAP43 synthesis is in- 
creased in neurons with or without high-affinity NGF receptors, 
and under conditions of reduced retrograde supply of NGF or 
continuous infusion of NGF. These observations indicate that 
some signal other than NGF or lack of NGF is responsible for 
the early posttraumatic induction of GAP43. Both increased 
axonal transport of GAP43 and a propensity for regeneration 
result directly or indirectly from the loss of some retrograde 
signal normally arising distal to the site of axonal injury (Beno- 
witz et al., 1983; Richardson and Verge, 1986; Bisby, 1988). 
Because NGF counteracts some of the changes of axotomized 
sensory neurons (Fitzgerald et al., 1985; Rich et al., 1987; Verge 
et al., 1989a) but not the increase in GAP43, it seems necessary 
to invoke at least 2 molecular signals to explain the multiple 
nerve cell responses to injury. 
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