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Abstract
Introduction—The cavernous nerve (CN) is commonly injured during prostatectomy, resulting
in erectile dysfunction (ED). Although peripheral nerves have a limited ability to regenerate, a
return of function typically does not occur due to irreversible down stream morphological changes
in the penis that result from CN injury. We have shown in previous studies that sonic hedgehog
(SHH) is critical for CN regeneration and improves erectile function after crush injury.

Aims—Examine a new direction, to determine if SHH is neuroprotective to the pelvic ganglia
(PG)/CN after crush injury. A secondary focus is to examine if SHH signaling decreases with age
in the PG/CN.

Methods—Sprague Dawley rats underwent bilateral CN crush and SHH and glial fibrillary
acidic protein were quantified by western analysis of the PG/CN (n=6 rats at each time point) at 1,
2, 4, 7 and 14 days, and the apoptotic index was measured in the penis. SHH was quantified by
western in the PG/CN with blockade of anterograde transport (n=4 rats) in comparison to mouse
IgG (n=4 rats). If SHH is neuroprotective was examined at 4 (n=14 rats) and 7 days (n=16 rats) of
treatment after CN crush. SHH protein was quantified in aging (P200-300, n=5 rats) PG/CN in
comparison to normal adult (P115-120, n=3 rats) PG/CN.

Main Outcome Measures—SHH pathway was examined in PG via immunohistochemistry, in
situ, western and TUNEL.

Results—SHH is neuroprotective in the PG/CN with injury. SHH localization in the PG/CN
suggests SHH interaction in neuronal/glial signaling. SHH protein is significantly decreased in the
PG/CN after crush injury and in the aged PG/CN. Signals from the PG are required to maintain
SHH in the CN.

Conclusions—There is a window of opportunity immediately after nerve insult in which
manipulation of SHH signaling in the nerve microenvironment can affect long-term regeneration
outcome.
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Introduction
The cavernous nerve (CN) is a peripheral nerve that provides innervation to the penis. The
CN commonly undergoes resection, crush or tension injuries during prostatectomy, which
results in erectile dysfunction (ED). Neuropathy of the CN also frequently occurs in diabetic
patients, and in aging patients, which results in ED. Our previous studies show that the
secreted protein sonic hedgehog (SHH) is essential to maintain and regenerate the CN since:
SHH is abundant in Schwann cells of the CN, SHH is necessary for maintenance of CN
morphology, SHH inhibition causes demyelination and axonal degeneration of CN fibers,
and SHH protein treatment promotes CN regeneration [1, 2]. In this study we propose to
examine a new direction of research, to determine if SHH is neuroprotective to the PG/CN
in the first weeks after crush injury. A secondary hypothesis is that SHH signaling is
decreased in the PG/CN with age, thus proposing a potential mechanism of how aging
related ED may develop. A neuroprotective role for SHH is supported by observations in
the literature that delivery of SHH to the facial nerve after axotomy promoted motor neuron
survival for 3-5 days [3,4], Shh mRNA was elevated and SHH protein had prominent
localization within the regenerating axons 24 hours after sciatic nerve crush [5,6], injured
sciatic nerves had enhanced recovery in the presence of SHH protein [7], and Shh
expression was significantly lower in mice with impaired Wallerian degeneration [8]. If
SHH is neuroprotective in addition to promoting CN regeneration, as shown in past studies
[2], is unknown, but a better understanding of SHH signaling in the PG/CN is critical to
manipulate the nerve microenvironment to induce regeneration more quickly.

CN injury has a significant impact on quality of life of ED patients and their partners. ED
affects 61% of men between the ages of 40-69, 77% of men over 70 [9] and has been shown
to be an early warning sign for cardiovascular disease [10]. ED occurs in 16-82% of patients
treated by prostatectomy [11], which results from injury to the CN. Tissues innervated by
the damaged nerve have deteriorating function, morphological remodeling including
induction of smooth muscle apoptosis [12] and fibrosis [13], which affect the responsiveness
of penile smooth muscle. A recent study showed that only 36% of prostatectomy patients
recover erectile function without intervention [14] and PDE5 inhibitors improve erectile
function in only ~31% of prostatectomy patients [15]. Thus new therapies that address both
the down stream morphological changes in the penis and the underlying cause of the
dysfunction, injury to the CN, are needed. As is the case with other peripheral nerves, efforts
to regenerate the CN have so far had limited success in animal models, and these treatments
have not yet translated into clinical therapies. Since our previous studies show that SHH
treatment is effective in promoting CN regeneration [2], a better understanding of SHH
signaling in the PG/CN is critical for development of new treatments. In this study we
examine if SHH is neuroprotective to the PG/CN in the first weeks after injury and if SHH
signaling is decreased in the aged PG/CN, suggesting a potential mechanism of how aging
related ED may develop.

Materials and Methods
Animals

Male Sprague Dawley rats postnatal day 115-120 (P115-P120) and retired male Sprague
Dawley breeder rats (P200-P300) were obtained from Charles River.

Ethics statement
All animals were cared for in accordance with institutional IACUC approval and the
National Research Council publication Guide for Care and Use of Laboratory Animals.

Angeloni et al. Page 2

J Sex Med. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In vivo SHH protein delivery by peptide amphiphile (PA)
PAs were synthesized at the Northwestern Institute for BioNanotechnology in Medicine
Chemistry Core Facility as described previously [16]. The PA used in this study had the
structure (C16)-V2A2E2-(NH2). PA was prepared [2] by adding 20mM CaCl2 to a glass
slide. 8μl of 100mM PA plus either 2.27μg SHH or BSA (control) proteins were pipetted
onto the slide to form the linear PA.

CN crush time course
PG/CN were exposed in rats. Microforceps (size 0.02 × 0.06mm) were used to crush the CN
bilaterally for 30 seconds [17-19]. Sham surgery was performed by exposing, but not
crushing the CN. The reproducibility of the crush injury was previously verified [2]. Rats
were sacrificed 1, 2, 4, 7, and 14 days after surgery. Six PG/CN (from six rats) for each time
point were divided into three groups and were homogenized for western analysis. Pooling of
tissue was required for homogenization because of the small size of the PG/CN. Samples
were run in duplicate and the results were averaged for each time point. Penis tissue was
fixed in 4% paraformaldehyde and embedded in paraffin for TUNEL.

Interruption of anterograde transport in vivo by anti-kinesin treatment of the PG
Affi-Gel beads (100-200 mesh, Bio-Rad) were equilibrated with mouse anti-kinesin (0.9 mg/
mL, Sigma, St. Louis, MO, USA, K1005) or mouse IgG (control). Anti-kinesin disrupts
anterograde nerve transport, however disruption of transport in either direction affects
transport to a small degree (14%) in the other direction since it is not possible to completely
uncouple these processes. Approximately 10-20 beads were implanted under the PG
bilaterally. Rats were sacrificed after 2 days and PG/CNs were frozen for western. Eight
anti-kinesin (4 rats) and eight IgG control (4 rats) PG/CN were divided into three groups and
were homogenized for western. Samples were run in duplicate and the results averaged.

CN crush and SHH protein treatment of the CN in vivo via PA or pipette
The PG/CN were exposed in rats and bilateral CN crush was performed as described above.
For rats receiving PA, 8μL of 100mM PA plus 2.27μg SHH protein dissolved in 1.5μL
water (R&D Systems) were combined and pipetted onto a glass slide containing CaCl2, to
form the linear PA. PA was transferred on top of crushed CNs bilaterally so that each rat
received a total of 4.54μg SHH protein. The release rate of SHH protein from the PA was
previously determined [2]. Ninety percent of SHH protein was released within 75 hours. For
rats receiving a bolus delivery, SHH protein (2.27μg in 3μL H2O) was pipetted/dripped on
top of the CN. Control rats received bilateral CN crush only or sham surgery. PG/CN were
harvested after 4 and 7 days and were frozen for western. Six sham, six crush, eight SHH
PA treated/CN crush, and eight SHH drip/CN crush PG/CN were used for the four day
experiment (from 3, 3, 4 and 4 rats respectively). PG/CN were divided into two groups and
were homogenized for western. For the seven day group, six sham, six crush, six SHH PA
treated/CN crush, and six SHH drip/CN crush PG/CN were divided into three groups and
were homogenized for western (from 4, 4, 4, and 4 rats). For both the four and seven day
groups, samples were run in duplicate and the results were averaged.

Western of SHH in P115-120/P200-300 PG/CN
Six PG/CN (from 3 rats) were isolated from P120 and ten PG/CN (from 5 rats) were isolated
from P200-300 rats. P120 and P200 PG/CN were divided into two groups and were
homogenized for western. Samples were run in duplicate and the results averaged.
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Western
Western was performed on protein samples isolated from PG/CN as previously described
[20]. Membranes were blocked for 1 hour with 5% nonfat skim milk and were incubated
with either 1/50 goat SHH (N-19, Santa Cruz, sc-1194), 1/3,000 rabbit glial fibrillary acidic
protein (GFAP, Dako), or 1/50,000 mouse β-ACTIN (Sigma) overnight at 4°C. Secondary
antibodies were horseradish peroxidase-conjugated 1/40,000 donkey anti-goat, 1/5,000
chicken anti-rabbit, or 1/80,000 chicken anti-mouse (Santa Cruz). Protein bands were
visualized using HRP-conjugated anti-biotin (ECL, GE Healthcare) and were exposed to
Hyperfilm (GE Healthcare). Bands were quantified by densitometry using Kodak ID
software (Rochester, NY). Quantification of bands was performed by determining the ratio
of the density of SHH/β-ACTIN and GFAP/β-ACTIN. Samples were run in duplicate, and
the ratios for each sample were averaged and reported ± the standard error of the mean
(SEM).

Immunohistochemical analysis (IHC)
IHC was performed as previously described [20] on PG/CN tissue assaying for goat
polyclonal SHH (SC-1194), patched (PTCH1), and hedgehog interacting protein (HIP,
1/100, Santa Cruz, n=7, 9, and 6 respectively), rabbit smoothened (SMO, 1/50, MBL
International, Woburn, MA, n=5) and GFAP (1/100, DAKO, n=5). Secondary antibodies
used were Alexa Fluor rabbit anti-goat (1/300), and chicken anti-rabbit (1/600, Molecular
Probes, Carlsbad, CA). S100 (1/100, NeoMarkers, Fremont, CA) IHC analysis was
performed on the PG/CN using the DAKO LSAB+ kit (K0679, Carpinteria, CA).

In situ hybridization
In situ was performed as previously described [21] to examine Shh and Hip mRNA
synthesis in the PG (n=11). A Shh RNA probe [22] and a Hip RNA probe [23] were
obtained from Andrew McMahon.

Apoptotic index
TUNEL was performed using the Apoptag Kit (Chemicon International) on penis tissue as
described previously [20]. All cells were stained for comparison using DAPI (0.005 mg/ml).
The total number of cells and the number of apoptotic cells were counted in a given field
selected at random by visual observation. The number of apoptotic cells/all cells in five
fields from each section and five sections for each penis were counted and reported ± the
standard error of the mean (SEM).

Statistics
Statistics were performed using the Excel program and a t-test was used to determine
significant differences. P-values ≤0.05 were considered significant.

Results
Localization of SHH pathway in PG neurons

IHC and insitu were performed on adult rat PG to determine SHH pathway localization. In
situ showed that Shh and Hip (SHH target that limits Shh expression) mRNA were
synthesized in PG neurons but not in glia (Figure 1). IHC shows that SHH protein was
abundant in the perinuclear region of PG neurons and at a lower level in the cytoplasm
(Figure 2). PTCH1, the SHH receptor, was abundant in the cytoplasm of PG neurons (Figure
2). HIP was identified in the perinuclear region of the cytoplasm (Figure 2). SMO, the other
part of the SHH receptor, was localized in between PG neurons (Figure 2). SHH and PTCH1
proteins also localized in glial cells of the PG (Figure 2). Satellite glial cells were identified
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based on positive S100 staining but negative GFAP (Figure 2). The presence of SHH and
PTCH1 proteins in glial cells is significant because extensive signaling between glial cells
and neurons occurs in peripheral nerves after injury [24], suggesting a potential mechanism
of how SHH promotes CN regeneration.

Time course of SHH and GFAP proteins in PG/CN after bilateral CN crush
The precursor and active form of SHH protein were quantified in PG/CN 1-14 days after
bilateral CN crush in comparison to sham controls. While SHH protein decreases in the
penis with CN injury [20] its abundance in the PG/CN has not previously been quantified.
Precursor SHH protein was significantly decreased the first day after injury (p=0.02) and
remained decreased in the first week after crush (Figure 3). Active SHH protein was also
significantly decreased in the first week after injury. These results suggest that SHH may be
effective in promoting CN regeneration because its abundance is decreased in the PG/CN
with injury.

We quantified GFAP in the PG/CN after crush injury. GFAP is an intermediate filament
protein that is involved in maintaining structure and function of the cytoskeleton. GFAP
increases in peripheral nerves with injury and decreases to normal levels as regeneration
occurs [25]. GFAP is useful as a marker of the glial response, with suppressed GFAP after
injury being suggestive of decreased injury. Thus quantification of GFAP protein may be
useful as a tool to examine CN status. In other peripheral nerves such as the sciatic nerve,
GFAP increases within 24-48 hours after nerve injury due to proliferation of GFAP positive
Schwann cells [26]. We quantified the abundance of GFAP in comparison to sham control
PG/CN from 1-14 days after bilateral CN crush. GFAP was significantly increased by 65%
at 48 hours after crush (Figure 3, p=0.007). GFAP was most abundant at 4 days after crush
(Figure 3, 82% increase, p=0.005) when the precursor form of SHH protein was least
abundant. GFAP protein remained elevated ~75% at 7 and 14 days after CN crush (Figure 3,
p= 0.002 and 0.003, respectively).

We examined the time course of apoptosis induction from 1-14 days after injury in penis
tissue of rats that had their CNs crushed bilaterally. The apoptotic index increased 24%
(p=0.05) the first day after injury and continued to rise until day 4 where it peaked at 33%
(p=0.02, Figure 3). The apoptotic index was indistinguishable from sham levels at 7 (p=.
095) and 14 days (p=0.13).

Blockade of anterograde transport decreased SHH protein in the PG/CN
We examined a potential mechanism of how SHH is regulated in the PG/CN by interrupting
anterograde transport using anti-kinesin antibody and quantified SHH protein by western in
comparison to IgG controls. There was a decreasing trend (23%) in precursor SHH protein
that did not reach significance (p=0.12) however active SHH significantly decreased 45%
(p=0.006) with two days of anti-kinesin treatment (Figure 4). Since SHH protein does not
undergo anterograde transport [1], these results indicate that a factor(s) from the PG is
essential to maintain SHH signaling in the CN.

SHH protein treatment suppressed GFAP in the CN
Preservation of the CN by SHH was quantified by examining GFAP protein by western in
sham, CN crushed, CN crushed with SHH treatment by PA and CN crushed with SHH
dripped on the CN. Rats were examined at 4 and 7 days after crush. GFAP protein was
significantly increased in the crushed PG/CN by 58% (p=0.001) at 4 days after injury
(Figure 5). In response to SHH PA treatment, GFAP was significantly suppressed 40%
(p=0.05) in comparison to the CN crushed group and was indistinguishable from the sham
(p=0.171, Figure 5). In the SHH dripped on the CN group, GFAP was decreased by 63% in
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comparison to the crushed group (p=0.004) and was indistinguishable from the sham
(p=0.218, Figure 5). At 7 days after injury, GFAP protein was significantly increased in the
crushed PG/CN by 83% in comparison to the sham (p=0.0003, Figure 5). In response to
SHH treatment by PA, GFAP decreased 38% in comparison to the CN crushed group
(p=0.003, Figure 5). In the SHH dripped on the CN group, there was a trend towards
decreased GFAP (20%) that did not reach significance (p=0.209, Figure 5), most likely due
to high standard deviation caused by variability of the drip delivery. These results show a
decreased glial response in the SHH PA treated CNs, thus suggesting decreased injury.

The apoptotic index was examined in penis tissue of the groups listed above to see if SHH
suppressed apoptosis. In comparison to sham control, the apoptotic index was significantly
increased 37% at 4 days after crush (p=0.01, Figure 5). There was no difference in the
apoptotic index of penis from rats that had under gone CN crush and CN crush plus SHH
treatment by PA (p=0.50, Figure 5). However the apoptotic index was significantly
decreased 28% in penis tissue of rats that had SHH dripped on the CN (p=0.004, Figure 5).
At 7 days after crush the apoptotic index was significantly decreased 28% in rats treated
with SHH by PA in the CN (p=0.04, Figure 5) and was indistinguishable from the apoptotic
index of the sham (p=0.21). The apoptotic index was decreased 34% in penis of rats that had
been treated with SHH dripped on the CN (p=0.003) and was indistinguishable from the
apoptotic index in the sham (p=0.26). These results show that SHH treatment of the CN
significantly decreased the apoptotic index in the penis after crush injury.

SHH protein was decreased in the PG/CN with age
SHH protein was quantified in P120 and P200-P300 PG/CN by western to examine if
similar changes in SHH signaling take place in the aged rat as in prostatectomy [2] and
diabetic models [27]. Precursor SHH protein was decreased 37% in aged rats in the PG/CN
(p=0.001, Figure 6), while active SHH protein was decreased 77% in aged rats (p=0.044,
Figure 6). Based on the neuroprotective and regenerative [2] effect that SHH has when the
CN is injured, we propose that decreased SHH in the PG/CN of the aged rat may play a role
in the development of age related ED. Past studies have shown that morphological
remodeling caused by SHH inhibition is reversible [20].

Discussion
How SHH signaling occurs in the PG/CN is an important question in order to understand the
role of the SHH pathway in CN homeostasis, neuroprotection and in regeneration. Since Shh
RNA is synthesized in PG neurons and both SHH and PTCH1 proteins are localized in PG
neurons and satellite glia, this suggests that the glial cells are a SHH target and that the SHH
pathway plays a role in signaling between PG neurons and glia. Glial cells control the
neuronal microenvironment and can maintain chemical communications among themselves
and with neurons and blood vessels [28-31]. They carry receptors for many neuroactive
agents and can receive signals from other cells and respond to changes in their environment.
Striking morphological changes occur in glial cells after nerve injury including hypertrophy
and formation of bridges with other glial cells, which contain numerous newly formed gap
junctions, suggesting that glial cells can sense injury-related changes in neurons. This is
supported by extensive signaling between glial cells and neurons after injury in peripheral
nerves [24]. These findings indicate paracrine signaling from the neurons to glia since SHH
protein is present in both neurons and glia while Shh RNA is only present in neurons.
These results also suggest that SHH pathway signaling between neurons and glia may be a
critical component of how SHH facilitates neuroprotection and regeneration.

PTCH1 is abundant in the cytoplasm of PG neurons and in glia (Figure 2). Since Shh is not
synthesized in glia, this suggests autocrine signaling of SHH and PTCH1 in PG neurons.
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Why this may occur is interesting and requires further study but likely involves regulation of
the neuronal microenvironment.

Hip RNA is localized in the cytoplasm of PG/CN neurons (Figure 1) but is not present in
glia or schwann cells of the CN. This indicates that the source of Hip is in the cytoplasm of
PG neurons. HIP protein, which has both a membrane associated and soluble form [32], is
abundant in a thin layer surrounding the nucleus of PG neurons. HIP is believed to inhibit
expression of SHH signaling in other tissues, thus HIP protein surrounding the nucleus may
restrict SHH distribution within the cytoplasm. Our past studies suggest a more complex
role for HIP in the CN since we have shown that a soluble form of HIP undergoes
anterograde transport down the CN and that CN tie causes HIP protein to build up in
neuronal cytoplasm [33]. HIP transport in neuronal axons has not been observed in other
tissues and its function in this capacity is unclear but interesting. The target of HIP is likely
the nerve terminals in the CN where HIP may upregulate other signals or HIP may be
transported to the penis as suggested by HIP protein localization in the nerve bundle of penis
sections [33]. Since HIP undergoes anterograde transport it is likely that HIP is relaying
signals from the PG to the penis. Inhibiting HIP in the PG disrupts both CN and penile
architecture [33] and thus highlights the importance of maintaining crosstalk between the
two organs.

SMO protein appears in between PG neurons. From the position of SMO it is possible that it
is localized in nerve terminals originating from the spinal cord and thus may relay signals
from the PG upstream to the spinal cord. Thus the SHH pathway may coordinate signaling
between the PG/CN/penis and the central nervous system/spinal cord.

Little is known about how signaling in the PG/CN is maintained. Interruption of anterograde
transport decreases SHH protein in the CN. This shows that in order to maintain SHH
signaling in the CN and thus maintain CN homeostasis and architecture in the normal nerve,
input from the PG is required. When the CN is injured either via crush or resection, as may
occur during prostatectomy surgery, interruption of transport occurs in both directions
resulting in decreased SHH protein in the CN and penis, and thus alters CN and penile
morphology. Addition of SHH protein to the CN at the time of nerve injury can prevent the
deleterious morphological changes that occur in both tissues [2]. This concept of neuronal
signaling being required to regulate down stream tissue homeostasis is a novel way to think
about how tissue morphology develops and is maintained and may profoundly influence
development of future ED treatments.

SHH protein treatment in the first few days after injury prevents the rise in GFAP that
occurs with injury, and suppresses apoptosis in the penis, suggesting that SHH functions to
protect the CN from the effects of crush injury. SHH treatment is more effective by drip
delivery at 4 days however PA delivery is more effective in suppressing GFAP at 7 days.
This most likely results due to a difference in concentration. While both methods deliver the
same total amount of protein, the bolus delivery occurs all at once while the PA delivers half
of the protein in the first 5 hours and the remainder slowly over several days. It may be that
a higher initial concentration of SHH is more effective in suppressing injury while a
sustained release suppresses injury more effectively over a longer period of time. Despite
the short window of SHH treatment, our results show a 30% reduction in apoptosis in the
penis after 7 days. This suggests that the CN is injured less in response to crush injury when
it is treated with SHH.

The timecourse of apoptosis induction in response to CN resection has been reported by
members of our group [12]. Typically it is assumed that the CN responds in a similar
manner to cutting, crushing, and freezing injuries, however this has not been tested. Our
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results show that the apoptotic index increased 24% the first day after crush injury, peaked
at 33% at day 4, and returned to baseline by 7 days. When the CN was previously cut,
apoptosis peaked between 2-4 days, was reduced by ~50% at 7 days, and continued to be
slightly elevated at 14 and 28 days after resection. These results suggest that the penile
response to crush and resection injury is similar, however after the initial intense apoptotic
response in the first week, the resection injury has a low sustained level of apoptosis over a
longer period of time than the crush injury.

Aging is also a significant cause of ED [34]. Our results show that SHH protein is decreased
in the PG/CN of aged rats. Very little is known about what happens to the CN with aging. A
study by Lue’s group showed that NOSI positive neurons decrease in the CN with age,
suggesting impaired function of the CN [35]. This is in keeping with literature reports of
increasing ED with age [34]. Since SHH and NOSI co-localize in neurons of the PG that
innervate the penis [1], and previous studies show that SHH regulates NOSI and –III in the
penis [36], the authors speculate that decreased SHH in the aged PG/CN may result in loss
of NOSI positive neurons. With deteriorating CN function ED may develop. Thus the
mechanism of how ED develops with aging, prostatectomy and diabetic models may result
from similar signaling changes in the PG/CN.

In conclusion, our results suggest that SHH is neuroprotective in the PG/CN with injury and
that neuronal-glial signaling may play a role in the neuroprotective response. SHH protein is
significantly decreased in the CN with age in a similar manner to decreased SHH after crush
injury, thus suggesting that decreased SHH may also play a role in aging related ED
development. These findings suggest that there is a window of opportunity immediately
after nerve insult in which manipulation of the nerve microenvironment with SHH can affect
long-term regeneration outcome.
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Summary sentence

Sonic hedgehog is decreased in the pelvic ganglia/cavernous nerve with injury and in
aged rats, is neuroprotective after crush injury, is regulated by signals from the pelvic
ganglia and plays a role in neuronal-glial interactions which are critical to maintain nerve
homeostasis and for regeneration.
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Figure 1.
In situ hybridization showing the localization of Shh (A) and Hip (B) RNA synthesis in the
PG/CN. Shh and Hip are localized in PG neurons. 400X and 100X magnification,
respectively. Arrows indicate Shh and Hip staining (pink).
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Figure 2.
Immunohistochemical analysis showing the localization of SHH, PTCH1, HIP and SMO in
PG neurons. SHH is abundant in the perinuclear region of PG neurons and satellite glial
cells as confirmed by positive staining for S100 (red arrow) and negative staining for GFAP
(white arrow indicates neuronal staining but not glial cells). SHH protein was also identified
to a lesser extent in neuronal cytoplasm. PTCH1 is abundant in the cytoplasm of PG neurons
and is identifiable in nearby glial cells. HIP is present as a thin layer surrounding the nucleus
of PG neurons. SMO is abundant in between PG neurons. White arrows indicate staining in
and around PG neurons. Red arrows indicate satellite glial cells. 250-400X magnification.
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Figure 3.
Graph of western analysis showing the abundance of precursor (A) and active (B) SHH
protein from 1-7 days after bilateral CN crush in the PG/CN, in comparison to sham
controls. SHH decreases in the PG/CN with crush injury. Graph of western analysis
showing the abundance of GFAP protein (C) and the apoptotic index (D) from 1-14 days
after bilateral CN crush in the PG/CN, in comparison to sham controls. GFAP and the
apoptotic index increase in the PG/CN with crush injury.
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Figure 4.
Western analysis of precursor and active SHH protein in anti-kinesin treated PG/CN
(interrupts anterograde transport). There was a decreasing trend (23%) in precursor SHH
protein that did not reach significance (p=0.12) however active SHH significantly decreased
45% (p=0.006) with two days of anti-kinesin treatment.
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Figure 5.
Western analysis of GFAP protein in PG/CN after 4 (A) and 7 (B) days following treatment
(sham surgery, CN crushed, CN crushed with SHH PA treatment and CN crushed with SHH
dripped on the CN). GFAP protein was significantly increased in the crushed PG/CN by
58% (p=0.001) at 4 days after injury. In response to SHH PA treatment, GFAP was
significantly suppressed 40% (p=0.05) in comparison to the CN crushed group and was
indistinguishable from the sham (p=0.171). In the SHH dripped on the CN group, GFAP
was decreased by 63% in comparison to the crushed group (p=0.004) and was
indistinguishable from the sham (p=0.218). At 7 days after injury, GFAP protein was
significantly increased in the crushed PG/CN by 83% in comparison to the sham (p=0.0003).
In response to SHH treatment by PA, GFAP decreased 38% in comparison to the CN
crushed group (p=0.003). In the SHH dripped on the CN group, there was a trend towards
decreased GFAP (20%) that did not reach significance (p=0.209). (C,D) Apoptotic index in
PG/CN after 4 (C) and 7 (D) days following treatment. GFAP and the apoptotic index were
decreased in the presence of SHH treatment.
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Figure 6.
Western analysis for precursor and active SHH protein in PG/CN of adult (P120) and aged
(P200-300) rats. The precursor form of SHH protein decreased 37% (p=0.001) and the
active form decreased 77% (p=0.044) in the PG/CN of aged rats.
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