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In the mature rat dorsal root ganglion (DRG), only one tau 
isoform is expressed, and this protein (110 kDa in apparent 
molecular weight) is considerably larger in size than the 
predominant tau isoforms found in brain. The size of the 
mRNA encoding the “big” tau mRNA in DRG [=8 kilobases 
(kb)] is also much larger than that of the major rat brain tau 
mRNA species (~8 kb). In this study, we examined the pat- 
tern of normal developmental changes in expression of this 
high-molecular-weight (HMW) tau and its encoding mRNA 
and also determined how axonal injury of adult DRG neurons 
effected the expression of this gene. RNA blotting experi- 
ments revealed that higher levels of HMW tau mRNA were 
present in the DRG at early postnatal times than in the adult. 
lmmunoblotting of total DRG protein using a monclonal tau 
antibody revealed that the immature DRG (7 d postnatal) 
contained a 82-kDa tau isoform in addition to the HMW tau 
isoform that was expressed in the adult DRG. Neither of the 
tau isoforms expressed in the immature DRG was present 
to any significant extent in either immature or adult rat brain. 
To examine how tau expression changed in adult DRG neu- 
rons during regeneration, the sciatic nerves of rats were 
unilaterally crushed, and the L4 and L5 DRG were harvested 
1, 7, and 14 d later. lmmunoblotting studies revealed that 
the levels of HMW tau protein decreased in the DRG following 
axotomy, with the largest reduction occurring at 7 d postin- 
jury. Notably, the tau isoform pattern did not change in ax- 
otomized adult neurons. That is, the 82-kDa tau isoform that 
was prominent in the immature DRG did not reappear in 
axotomized adult neurons. Northern blot analysis of total 
RNA from axotomized adult DRG showed a reduction in the 
levels of HMW tau mRNA (8-kb species) from 1 to 28 d 
postaxotomy. At these same postaxotomy times, the levels 
of j3-tubulin mRNA were dramatically increased. Results of 
RNA blotting studies were confirmed by quantitative in situ 
hybridization of DRG neurons with a %-labeled tau cDNA 
probe. Analysis of the autoradiograms showed a significant 
decrease in the levels of tau mRNA in the large-sized (> 1000 
Mm*) DRG neurons at 7 d postaxotomy. These findings of 
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downregulated expression of HMW tau protein and its mRNA 
in axotomized DRG cells that are undergoing regeneration 
suggest that this tau isoform may endow the axonal cyto- 
skeleton with properties that are less than optimal for axonal 
growth. For example, if this tau form has a significant role 
in stabilizing the axonal cytoskeleton, the downregulation of 
HMW tau during regeneration would generate greater plas- 
ticity in the cytoskeleton of regenerating neurons. 

Neuronal microtubules play a central role in axonal growth and 
development by providing a structural framework for new axons 
and by serving as substrates for membrane vesicle transport in 
the axon. Many of the properties of neuronal microtubules are 
modulated by microtubule-associated proteins (MAPS) of either 
the high-molecular-weight (HMW) MAP or the tau protein class 
(reviewed in Matus, 1988). For example, tau proteins can pro- 
mote microtubule assembly by initiating microtubule growth 
(Cleveland et al., 1977) and can stabilize microtubules against 
depolymerization (Drubin and Kirschner, 1986). In the mature 
mammalian brain, the major tau protein species range in size 
from 50 to 70 kDa (Cleveland et al., 1977). A larger-sized variant 
of tau had been reported in certain cells, including mature dorsal 
root ganglion (DRG), sympathetic neurons, and PC12 cells 
(Drubin et al., 1984a, 1986, 1988; Peng et al., 1986a,b). Our 
studies have indicated that this larger tau isoform (110 kDa in 
apparent size) appears to be the only tau species present in DRG 
and peripheral nerve. We will refer to this tau isoform as HMW 
tau. While information about the properties of brain tau has 
accumulated, almost no attention has been given to the HMW 
tau variant of peripheral neurons. 

In brain, the expression and activity of tau is known to change 
during development (Francon et al., 1982; Nunez, 1986). Tau 
proteins obtained from early postnatal rat brain present a 
simpler pattern on gels than does tau from adult brain. The 
immature brain tau proteins are a closely spaced doublet at 48 
kDa, while adult brain tau is considerably more heterogeneous, 
with at least three prominent doublets (Mareck et al., 1980; 
Francon et al., 1982). Interestingly, the microtubule assembly- 
promoting activity of immature brain tau is lower than that of 
adult brain tau (Mareck et al., 1980). Tau appears to be only a 
single gene (Drubin et al., 1984b; Neve et al., 1986) from which 
diversity is generated by both alternative splicing (Lee et al., 
1988) and posttranslational modifications, such as phosphory- 
lation (Lindwall and Cole, 1984). Recent studies have shown 
that immature brain tau protein contains three imperfectly re- 
peated sequences that are putative microtubule-binding domains 
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(Lee et al., 1989), while adult rat brain tau mRNA contains four 
such sequences (Kosik et al., 1989). This isoform switch from 
the three-repeat to the four-repeat form of tau during brain 
development has been proposed as a potential reason for the 
higher assembly-promoting ability of mature versus immature 
brain tau (Kosik et al., 1989). For the HMW tau present in the 
DRG and other peripheral neurons, information about changes 
in isoform patterns and functional properties during develop- 
ment has not been available. 

Studies of regenerating adult neurons have contributed to our 
understanding of the function of various other cytoskeletal pro- 
teins. Such studies have also shown that developmental patterns 
of cytoskeletal protein gene expression are often recapitulated 
during axonal regeneration in adult neurons (Hoffman and 
Cleveland, 1988). For example, the expression of certain tubulin 
mRNAs that are normally present at high levels only in immature 
neurons is selectively increased during axonal regeneration of 
adult DRG neurons (Hoffman and Cleveland, 1988; Miller et 
al., 1989). There is also a decrease in neurofilament (NF) protein 
mRNA levels in axotomized adult DRG neurons (Hoffman et 
al., 1987; Wong and Oblinger, 1987, 1990a,b) that parallels the 
low levels seen during early development (Julien et al., 1986; 
Schlaepfer and Bruce, 1990). During brain development, the 
levels of tau mRNA are known to be higher during early stages 
when axonal growth is occurring than in the adult (Couchie et 
al., 1988; Mangin et al., 1989). Virtually nothing is known about 
tau gene expression during axonal regeneration in adult mam- 
mals. We hypothesized that, if HMW tau was important for 
axonal growth, the pattern of tau expression during axonal re- 
generation of adult DRG neurons might revert to that seen 
during early development. To address this, we examined tau 
expression at both the protein and mRNA levels in adult rat 
DRG neurons during regeneration and compared this to the 
pattern of tau expression present in immature DRG neurons. 
We report here our findings that the expression of HMW tau in 
adult DRG neurons decreases following axotomy and that the 
isoform pattern remains adultlike. Thus, the developmental pat- 
tern of tau expression is not recapitulated by regenerating adult 
neurons. 

Materials and Methods 
Animals. Adult male Sprague-Dawley rats (Harlan Sprague Dawley, 
Indianapolis, IN) weighing 300-350 gm as well as 7-d-old postnatal 
(P-I) rat pups were used in the experiments. All animals were acquired, 
cared for, and surgically handled in accordance with the guidelines 
specified in the NIH Guide for the Care and Use of Laboratory Animals. 
For surgical procedures, adult rats were anesthetized with a mixture of 
sodium pentobarbital (27 mg/kg) and chloral hydrate (128 mg/kg); for 
scheduled kills, rats were decapitated under ether anesthesia. 

For axotomy studies, the sciatic nerves of adult rats were crushed 
unilaterally at the midthigh, SC-60 mm from the L5 DRG, by applying 
three successive 30-set crushes with #5 Dumont forceps as described 
previously (Wang and Oblinger, 1990a). Rats were killed 1, 7, 14, and 
28 d after the axotomy, and the injured as well as the contralateral 
control side L4 and L5 DRG were rapidly removed. Normal control 
ganglia were obtained from untreated rats. For developmental studies, 
lumbar DRG were harvested from 7-d-old (P7) rat pups. Samples of 
cerebral cortex were harvested both from adult rats and from P7 rat 
pups. Tissue was frozen on powdered dry ice immediately after removal 
from the animals. 

Immunoblotting. For each sample in the axotomy experiments, L4 
and L5 DRG obtained from two or three different rats (four to six ganglia 
each for the axotomy and contralateral control conditions) were pooled. 
The experiments were repeated several times using three different pairs 
of pooled DRG samples at each postinjury time point (1, 7, 14 d). For 
the developmental studies, normal LA and L5 DRG obtained from 25 

P7 pups and from six normal adult rats were pooled and used as samples 
for gels. DRG were homogenized in ice-cold phosphate-buffered saline 
(PBS), and an aliquot ofeach sample was used to determine total protein 
by a standard Coomassie dye binding assay (Bradford, 1976). The re- 
mainder of the sample was mixed with an equal volume of BUST (2% 
@mercaptoethanol, 8 M urea, 1% SDS, 0.1 M Tris, pH 6.8) and stored 
at - 70” C until used for gel electrophoresis. Proteins were separated by 
SDS-PAGE on 1 -mm-thick slab minigels consisting ofa 10% acrylamide 
running gel with a 4OYo acrylamide stacking gel. Equal amounts of total 
protein from the various conditions (20 pg of DRG protein, 5 pg of 
cortex samples) were loaded in the gel lanes. After electrophoresis, pro- 
teins were electrophoretically transferred to nitrocellulose (NC) as de- 
scribed previously (Oblinger, 1987) except that a mini-blotting appa- 
ratus (Bio Rad Laboratories) was used. The NC blots were incubated 
overnight at 4°C with a monoclonal antibody to tau @au-l; Binder et 
al.. 1985) at a 1:250 dilution. and the reactive bands were visualized 
using diaminobenzidine after’the blots were incubated for 4 hr at 4°C 
with a peroxidase-labeled rabbit anti-mouse secondary antibody (Boeh- 
ringer Mannheim Biochemicals, Indianapolis, IN) at 1:300 dilution. 

RNA blots. DRG obtained from two or three different rats (typically 
four to six ganglia, including both L4 and L5) were pooled and used as 
samples for RNA blot studies. Both axotomized and contralateral con- 
trol DRG samples were used. The experiments were replicated using 
two different pooled DRG samples (total of four to six rats) at each 
postinjury time point (1, 7, 14, 28 d). For developmental studies, L4 
and L5 DRG were obtained from four normal adult and 22 P7 rat pups. 
Total RNA was isolated from DRG as described (Chomcyznski and 
Sacchi, 1987) and 10 pg RNA of each sample was separated by elec- 
trophoresis on 1% agarose gels in the presence of formaldehyde (Ausubel 
et al., 1987). The RNA was blotted onto Nytran membranes (Schleicher 
and Schuell) and baked at 80°C for 2 hr. The blots were hybridized with 
a 32P-labeled tau cDNA probe (Kosik et al., 1989) as described (Ausubel 
et al.. 1987) and washed to a final stringency of 0.1 x SSC with 0.1% 
SDS at 50°C. The blots were then stripped-by immersion in boiling 
water for 5 min and then rehybridized with -a ‘*P-labeled @-tubulin 
cDNA nrobe (RBT.1: Bond et al.. 1984). The tubulin urobe recoanizes 
predominantly a 1 .S-kilobase (kb) mRNA species in the DRG (Wang 
and Oblinger, 1990a). Autoradiographs were made by exposing Kodak 
XAR5 film to the blots for l-2 d. 

In situ hybridization. Axotomized L4 and L5 DRG were harvested 
from three rats 7 d after sciatic nerve crush (total of six ganglia), and 
normal control DRG were obtained from four untreated rats (total of 
eight ganglia). The DRG were immediately fixed by immersion in 4% 
paraformaldehyde for 2 hr, embedded in paraffin, and then sectioned 
at 10 pm. The sections were hybridized with ?S-labeled cDNA rat brain 
tau probe (Kosik et al., 1989) as described previously (Wong and Ob- 
linger, 1987). After hybridization, sections were washed to a final strin- 
gency of 0.1 x SSC with 0.1% SDS at 50°C for 15 min and then dehy- 
drated through an increasing series of ethanol/300 mM ammonium 
acetate. The sections were air dried, dipped into 37°C Kodak NTB2 
emulsion (diluted 1: 1 with 600 mM ammonium acetate), and stored at 
4°C in the dark for 14 d, after which they were developed and lightly 
counterstained with cresyl violet. The density of silver grains over large- 
sized DRG neurons (> 1000 pm*) in which a clearly defined nucleus 
and nucleolus was present was determined using a computer-based im- 
age analysis system as described previously (Wong and Oblinger, 1987). 
Measurements of nonspecific background labeling were made from each 
section by determining the silver grain density over axonal regions of 
the DRG, and the neuronal grain counts from each section were cor- 
rected for such nonspecific labeling. From each DRG, grains counts 
from 25-50 different neurons were obtained. Mean grain density values 
were determined for the 7-d-postaxotomy and control groups by arith- 
metic averaging, and differences between groups were determined using 
an unpaired, two-tailed Student’s t test at the 95% confidence level. 

Results 
Developmental changes in neuronal tau expression 
Immunoblotting was used to examine developmental changes 
in the expression of tau protein isoforms in both the rat DRG 
and brain (cerebral cortex). Major changes in the tau species 
expressed at early postnatal times (P7) and in the adult were 
observed in both regions (Fig. 1). The adult DRG contained a 
major immunoreactive tau protein that was considerably larger 
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Figure 1. Immunoblot illustrating developmental changes in the ex- 
pression of various tau protein isoforms in DRG and cortex (Cx). Note 
that two main tau forms are present in the immature DRG (7) while 
only the 1 IO-kDa tau band (*) is present in the adult DRG (A). In the 
neonatal cortex, only one tau species is present in the 50-kDa region of 
the gel, while three prominent tau bands in the Xl-70-kDa region are 
nresent in adult cortex. Gel lanes were loaded with 20 rrg of total DRG 
protein and 5 pg of total cortex protein. Molecular weight standards (in 
kDa) are indicated on the right. 

than the largest tau isoform present in adult cerebral cortex. 
The “big” or HMW tau species in the DRG was 110 kDa in 
apparent molecular weight and was prominent in both the adult 
and P7 DRG samples (see Figs. 1, 3). Because the epitope rec- 
ognized by the tau-1 antibody is known (Kosik et al., 1988), 
these experiments show that this portion of the sequence is 
present in HMW tau. In addition to the 1 IO-kDa tau, the P7 
DRG also contained a second immunoreactive band at 62 kDa 
(Fig. 1). In other experiments, additional minor immunoreac- 
tive tau bands, thought to be degractation products, were ob- 
served in both adult and P7 DRG samples (see Fig. 3). 

The immunoblots consistently showed that the tau isoforms 
present in the DRG differed in their migration on SDS-PAGE 
from the tau isoforms present in samples of cortex (Fig. 1). This 
was true at both the adult and the P7 stage of development. In 
the adult rat cortex, three major immunoreactive tau bands and 
several minor bands were observed in the 50-70-kDa region, 
while in the P7 cortex a single major broad band, different in 
migration from any of adult brain tau forms, was found (Fig. 
1). Relative to the DRG, the cortex samples contained far greater 
amounts of immunodetectable tau protein. This was evidenced 
by the fact that lower total protein loads from cortex (5 pg) 
yielded more prominent immunoreactive bands than did con- 
siderably higher total protein loads (20 pg) from the DRG (Fig. 
1). Comparisons of relative levels of tau from P7 to adult in 
both cortex and DRG were complicated by the isoform switches 
that occurred. However, it appeared that more HMW tau was 
present in the adult DRG than the P7 samples (see Figs. 1, 3). 

Northern blotting demonstrated that the size of the tau mRNA 

DRG cx 
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Figure 2. Northern blot illustrating developmental changes in tau 
mRNA levels in DRG and cortex. Equal amounts of total RNA (20 pg) 
from P7 (7) and adult (A) DRG and cortex (CX) were hybridized with 
a 32P-labeled tau cDNA probe. Note that the size of the tau mRNA in 
cortex is smaller (= 6 kb) than that expressed in the DRG (a 8 kb). The 
autoradiographs also show that the level of tau mRNA is higher in both 
neonatal samples than in the adult samples. The positions of the 28s 
and 18s ribosomal markers are indicated by bars on the right. 

species in DRG was considerably larger than the tau mRNA 
expressed in rat cortex. In both the P7 and adult DRG, a tau 
mRNA species that was approximately 8 kb in size was detected, 
while only an approximately 6-kb mRNA band was found in 
brain (Fig. 2). A slight but noticeable change in the migration 
of tau mRNA was observed in brain between P7 and adult 
samples, suggesting that a slightly different-sized tau message 
was expressed at these two stages (Fig. 2). RNA blotting exper- 
iments also showed that, in both DRG and cortex, higher levels 
of tau mRNA were present in the neonate than in the adult 
(Fig. 2). In each case shown in Figure 2, the gel lanes were loaded 
with equal amounts of total RNA from the different samples. 

Axotomy-induced changes in tau expression in DRG neurons 

The effect of axotomy on tau protein levels and on tau isoform 
expression in the adult DRG was examined by immunoblotting. 
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Figure 3. Immunoblot showing that 
tau protein levels decrease in the DRG 
after axotomy. All gel lanes were loaded 
with 20 pg of total protein. Samples of 
contralateral control DRGs (A) and ax- 
otomized DRGs (B) at the indicated 
days (I, 7, 14) after sciatic nerve crush 
are shown. Samples from normal, un- 
treated adult DRGs (c) and from nor- 
mal baby (P7) DRGs (D) are shown for 
comparison. The position of the 1 lo- 
kDa tau protein is indicated by the us- 
terisk. Positions of molecular weight 
standards are shown on the right. 

SDS gels were loaded with equal amounts of total adult DRG 
protein from different postinjury times, and the relative abun- 
dance of immunoreactive tau in the different samples was eval- 
uated. Figure 3 illustrates a representative experiment that 
showed a reduction in the level of the HMW tau species in 
axotomized DRG. The level of tau protein in axotomized gan- 
glia was consistently reduced at 7 and 14 d postaxotomy, but 
some variability existed in the apparent level of downregulation 
in different experiments. HMW tau levels in axotomized DRG 
at 7 and 14 d postinjury were lower than in paired contralateral 
control ganglia and in normal untreated DRG (Fig. 3). In no 
experiment was the smaller tau band (62 kDa) that was prom- 
inent in the neonatal DRG observed in samples of axotomized 
adult DRG neurons (Fig. 3). This observation indicated that the 
axotomized adult DRG neuron did not begin to reexpress’tau 
isoforms characteristic of earlier developmental stages. Rather, 
the level of expression of the adult HMW tau isoform was 
reduced in injured neurons. 

Northern blotting of RNA samples from adult DRG from l- 
28-d-postaxotomy times revealed that the levels of HMW tau 
mRNA were substantially decreased in axotomized DRG com- 
pared to control (Fig. 4A). The decrease was apparent as early 
as 1 d postaxotomy and appeared to be most pronounced at 7 
d after injury. When the same blots were reprobed for class II 
@-tubulin mRNA, the opposite pattern was observed. That is, 
axotomized adult DRG exhibited a robust increase in the level 
of /3-tubulin mRNA relative to control from 1 to 28 d after 
injury (Fig. 4B). 

In situ hybridization of histological sections of normal adult 
DRG and 7 d postaxotomy adult DRG was done to confirm 
the changes observed in RNA blotting experiments and also to 
confirm that the observed downregulation of tau mRNA was a 
specific neuronal response. Autoradiograms of DRG sections 
hybridized with a %-labeled tau cDNA probe revealed that the 
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vast majority of label was located over neurons. A readily ap- 
parent difference in the degree of labeling of control and axoto- 
mized neurons at 7 d postinjury was observed (Fig. 5A, B). This 
difference was confirmed by quantifying the mean grain densities 
of control and axotomized DRG neurons using a computer- 
assisted image analysis system. The mean grain density of ax- 
otomized large-sized DRG neurons was significantly less (p < 
0.05) than that of control neurons, indicating that a significant 
downregulation in tau mRNA levels had occurred in response 
to axotomy 7 d earlier (Fig. 5C). 

Discussion 
We have examined the expression oftau protein and its encoding 
mRNA during normal development and during regeneration of 
adult rat DRG neurons. The tau isoform expressed in the mature 
DRG has an apparent molecular mass of 110 kDa and is distinct 
from the smaller tau proteins (Xl-70-kDa range) expressed in 
adult brain (cerebral cortex). We found that the immature DRG 
expressed a smaller tau isoform (62 kDa) in addition to the 
HMW tau species. However, in both the immature and the 
mature DRG, only a single tau mRNA of 8-kb size was ob- 
served. N 115 neuroblastoma cells have a single tau isoform that 
approximates the molecular mass of the HMW tau in DRG, 
and these cells also have a single tau mRNA of 8 kb (Drubin 
et al., 1984a, 1988). However, in PC 12 cells, which express the 
HMW tau isoform in addition to the smaller (50-70 kDa) tau 
proteins, mRNAs of both 6 kb and 8 kb have been described 
and are thought to code for the lower- and higher-molecular- 
mass tau protein isoforms, respectively (Drubin et al., 1986, 
1988). The two tau mRNAs are under differential regulation in 
PC 12 cells, because the 8 kb mRNA is constitutively expressed, 
whereas the 6-kb tau mRNA is NGF induced (Drubin et al., 
1988). The differential regulation of these isoforms in PC 12 cells 
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Figure 4. Northern blots illustrating 
axotomy-induced changes in the levels 
oftau and tubulin mRNAs in the DRG. 

B 
Equal amounts of total RNA (10 c(g) 
from axotomized and contralateral 
control DRG at the indicated days after 
axotomy were blotted and hybridized 
sequentially with 32P-labeled cDNA 
probes to tau (A) and /3-tubulin (B). Note 
that the levels of tau mRNA in the ax- 
otomized DRG are decreased relative 
to control at all postaxotomy times, 
while the /3-tubulin mRNA levels are 
increased over control levels. 

is the principle argument that the HMW and smaller tau protein 
isoforms derive from distinct transcripts. 

How tau isoform expression is regulated in the DRG is un- 
known, as is the actual molecular identity of the individual tau 
isoforms. The presence of only a single 8-kb mRNA in both 
adult and immature DRG cells leaves open two alternative ex- 
planations for the origin of the two tau isoforms in the immature 
DRG. The transient expression of the 62-kDa DRG tau isoform 
relative to the 1 IO-kDa tau in the DRG during development 
may be due to developmentally timed expression of distinct 
(but similar =8-kb size) mRNAs by differential splicing. Alter- 
natively, it is possible that the smaller tau isoform present in 
the immature rat DRG is proteolytically generated from the 
larger form by the developmentally timed expression of a pro- 
tease that generates the smaller isoform either in viva or during 
homogenization. 

From studies of rat brain tau, one site at which developmen- 
tally regulated splicing is known to take place is in the region 
of the repeated sequences (Kosik et al., 1989), where tau binds 
to the microtubule (Lee et al., 1989). In this region are four 
imperfectly repeated sequences of 31 amino acids each. The 
second repeat is under developmental regulation and is added 
in mature neurons. None of the sequences from the DRG, PC 12, 
or N 115 tau isoforms are published; however, preliminary poly- 
merase chain reaction data from our laboratory suggests that 
PC12 cells with both large and small tau isoforms have pre- 
dominantly, if not exclusively, the four-repeat form of tau (K. 
S. Kosik, unpublished observations). Whether or not a devel- 
opmental shift in tau expression in the DRG includes splicing 
events within the microtubule-binding repeated sequences is 
presently unknown. Once the sequence of DRG tau is known, 
it may be possible to begin examining which exons are expressed 
at various developmental time points. Studies of DRG tau are 
ongoing to resolve this issue. 

The results of the present study demonstrate that the levels 
of the HMW tau protein and its mRNA decrease in adult DRG 
neurons that have been axotomized and are undergoing regen- 
eration. Interestingly, the 62-kDa tau isoform is not reexpressed 
in adult DRG neurons during axonal regeneration. Thus, the 
pattern of tau expression in regenerating adult neurons is clearly 
distinct from the pattern of tau expression during DRG devel- 
opment. This finding thus challenges the idea that regeneration 
represents a simple recapitulation of development in terms of 
cytoskeletal gene expression. The recapitulation hypothesis had 
received considerable support from findings that regenerating 
adult DRG neurons revert to more immature patterns of ex- 
pression of both NF and tubulin genes (Hoffman et al., 1987; 
Wong and Oblinger, 1987, 1990a,b; Hoffman and Cleveland, 
1988; Oblinger et al., 1989; Miller et al., 1989). Our studies 
indicate that axonal outgrowth from adult neurons differs at 
least in some respect from the process that occurs during initial 
development. 

What are some of the consequences of changes in HMW tau 
expression in regenerating DRG neurons? The answer to this 
question will require information about the functional attributes 
of the HMW tau protein, which at this point are largely un- 
known. However, based on the expression data obtained in this 
study, we might speculate that this tau isoform has more of a 
role in stabilizing the mature axonal cytoskeleton than it does 
in active axonal growth. The fact that the level of HMW tau 
protein is higher in the adult DRG than in the neonate is con- 
sistent with this possibility because the adult axonal cytoskel- 
eton is widely considered to be a somewhat less dynamic entity 
than that of the developing neuron. It should be noted, however, 
that direct evidence for changes in the dynamic properties of 
the cytoskeleton, such as changes in microtubule solubility or 
tubulin assembly/disassembly kinetics during development of 
sensory neurons and their axons, has not yet been obtained. 
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Figures 5. In situ hybridization of DRG neurons using 35S-labeled tau 
cDNA probe. The autoradiograms of normal (A) and axotomized (B) 
LS DRG neurons (7 d after sciatic nerve crush) show reduced labeling 
of axotomized neurons relative to controls. C, Quantification of the 
mean grain densities over large-sized, normal control DRG neurons 
(solid bar) and axotomized DRG neurons (hatched bar) confirmed that 
tau mRNA levels were downregulated 7 d after axotomy. Average grain 
densities (number of grains/pm*) and SEM are plotted. The asterisk 
indicates a significant difference between the two means (p < 0.05). 

Because the neonatal DRG expresses a smaller, 62-kDa tau form 
in addition to HMW tau, it may be that it is this lower-Mr tau 
form that is important for axonal growth, at least during de- 
velopment. Thus, in the absence of a reappearance of the im- 
mature DRG tau form (62 kDa) during regeneration in the adult, 
downregulation of the HMW tau may be a “fall-back” mech- 
anism by which DRG cells can modulate the properties of the 
neuronal cytoskeleton away from stability and towards greater 
plasticity. 

MAPS are known to affect microtubule dynamics in vitro, and 
the microtubule-stabilizing properties of tau have been shown 
in a variety of ways. For example, microinjection of tau into 
fibroblasts, which normally contain no native tau protein, pro- 
motes the in viva polymerization of microtubules and stabilizes 
microtubules such that the rate of microtubule depolymeriza- 
tion is markedly decreased (Drubin and Kirschner, 1986). 
Downregulation of tau in conjunction with upregulation of tu- 
bulin in regenerating neurons (Hoffman and Cleveland, 1988; 
Wong and Oblinger, 1990a) may affect the assembly/disassem- 
bly dynamics of the microtubule system in these neurons. Re- 
cent studies have shown that microtubules in lamprey anterior 
bulbar cells are destabilized following axotomy (Hall et al., 199 1). 

Future studies will determine if similar events occur in mam- 
malian neurons and their axons during regeneration. 

Recent studies have underlined the important role of the low- 
molecular-weight tau proteins in neurite formation. For ex- 
ample, when cultured neurons are treated with antisense tau 
oligonucleotides to block tau synthesis, axonlike neurites fail to 
develop (Caceres and Kosik, 1990). In addition, the expression 
of brain tau in non-neural cells that do not normally express 
tau can give rise to the formation of neuritelike processes (Kosik 
et al., 1990). The role of HMW tau remains quite unexplored 
at the present time. However, the present study suggests that 
HMW tau may have a more important role in stabilizing the 
neuronal cytoskeleton than it does in active neurite growth. 
Because this isoform appears to be the only tau species that is 
present in the PNS, further studies of this isoform may provide 
insight into the potentially unique role(s) of this protein in the 
nervous system. 
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