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Neurotrophic factors are integrally involved in the devel-
opment of the nigrostriatal system and in combination
with gene therapy, possess great therapeutic poten-
tial for Parkinson’s disease (PD). Pleiotrophin (PTN) is
involved in the development, maintenance, and repair
of the nigrostriatal dopamine (DA) system. The pres-
ent study examined the ability of striatal PTN overex-
pression, delivered via psueudotyped recombinant
adeno-associated virus type 2/1 (rAAV2/1), to provide
neuroprotection and functional restoration from 6-hy-
droxydopamine (6-OHDA). Striatal PTN overexpression
led to significant neuroprotection of tyrosine hydroxy-
lase immunoreactive (THir) neurons in the substantia
nigra pars compacta (SNpc) and THir neurite density
in the striatum, with long-term PTN overexpression
producing recovery from 6-OHDA-induced deficits in
contralateral forelimb use. Transduced striatal PTN lev-
els were increased threefold compared to adult striatal
PTN expression and approximated peak endogenous
developmental levels (P1). rAAV2/1 vector exclusively
transduced neurons within the striatum and SNpc with
approximately half the total striatal volume routinely
transduced using our injection parameters. Our results
indicate that striatal PTN overexpression can provide
neuroprotection for the 6-OHDA lesioned nigrostriatal
system based upon morphological and functional mea-
sures and that striatal PTN levels similar in magnitude to
those expressed in the striatum during development are
sufficient to provide neuroprotection from Parkinsonian
insult.
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INTRODUCTION

Parkinson’s disease (PD) is a progressive, aging-related neurode-
generative movement disorder that currently impacts ~4.6 mil-
lion world wide with prevalence of the disease anticipated to

climb considerably within the next few decades as life expectancy
increases.! The motor symptoms of PD primarily are the result of
degenerating dopamine (DA) neurons of the substantia nigra pars
compacta (SNpc) leading to loss of dopaminergic neurotransmis-
sion in the striatum. Due to the progressive nature of PD and a lack
of therapies that can modify disease progression, neuroprotective
agents have been investigated in an attempt to rescue vulnerable
nigral neurons before they succumb to the disease. Neurotrophic
factors are intrinsically involved in the development and mainte-
nance of the nigrostriatal system and therefore possess incredible
potential to repair it. Most notably, delivery of the trophic factors
glial cell line-derived neurotrophic factor (GDNF) and neurturin
(NTN) can protect and restore the nigrostriatal system in par-
kinsonian animal models.>”® Despite setbacks in the GDNF and
NTN clinical trials,'®'? perhaps due to selection of PD subjects in
the advanced stages of disease, the promise of trophic factors as a
therapeutic strategy remains to be fully realized. The evaluation of
the neuroprotective potential of trophic factors that do not signal
via the GFR1a/Ret receptor complex, as do GDNF and NTN, may
offer distinct therapeutic avenues.

Pleiotrophin (PTN) (also commonly referred to as heparin-
binding growth-associated molecule) is an 18kDa secretory cell
surface and extracellular associated protein that is associated with
neurite outgrowth during development.”” PTN expression peaks
during early postnatal development, including within the mid-
brain and striatum, with limited expression in the adult brain.'*
PTN expression levels in the striatum peak during early post-
natal nigrostriatal synaptogenesis, and decrease to low levels in
adulthood.'>!* The PTN receptors, syndecan-3 and receptor pro-
tein tyrosine phosphatase 3/ (RPTP/() are expressed by SNpc
DA neurons and in the striatum.'*'® PTN protein, mRNA, and
receptor expression in the striatum is upregulated in response
to 6-hydroxydopamine (6-OHDA)-induced denervation and
L-dopa administration.'>'*!5" The addition of PTN to embryonic
mesencephalic cultures specifically promotes tyrosine hydroxy-
lase immunoreactive (THir) neuronal survival and neurite
outgrowth.'>'¢2* Furthermore, endogenous PTN has been impli-
cated in the differentiation of mesencephalic DA neurons.' Lastly,
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our laboratory has previously demonstrated that PTN protein is
upregulated in surviving nigral DA neurons of PD patients.'¢
Collectively these findings suggest that exogenous supplemen-
tation of PTN holds great potential to provide neuroprotection
and promote reconstruction of nigrostriatal circuitry following
insult. The present study examines PTN’s potential as an exog-
enous therapeutic to provide neuroprotection and promote func-
tional recovery in the damaged nigrostriatal system. We report
that the overexpression of PTN in the adult rat striatum using
recombinant adeno-associated virus 2/1 (rAAV2/1) vector pro-
tects both SNpc DA neurons and striatal dopaminergic neurites
from intrastriatal 6-OHDA with long-term PTN overexpression
facilitating functional recovery. Additionally, we report that the
levels of PTN protein expression achieved via rAAV2/1 injection
approximate peak developmental levels of PTN in the striatum.

RESULTS

Experiment 1: Transduction efficiency after
intrastriatal rAAV2/1-PTN/GFP or rAAV2/1-GFP
injection

To determine whether efficient transduction occurred following
vector injection, unlesioned rats received bilateral intrastriatal
vector injections (2 ul x 1 site/hemisphere). Immunolabeling with
GFP at 4 weeks following injection revealed that a single injec-
tion of either rAAV2/1-PTN/green fluorescent protein (GFP) or
rAAV2/1-GFP vector [vector schematics (Figure 1c-d)] trans-
duced a large number of cells within the striatum, almost the
entire dorsolateral parenchyma (Figure 2a,b,e). Additionally, a
number of cells within the SNpc were also GFPir, indicating that
the intrastriatal vector injection resulted in retrograde transport
of the vector and subsequent transduction of cells within the
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SNpc (Figure 2c,d). Furthermore, dense GFP immunoreactiv-
ity also was observed in the SN pars reticulata (SNpr) indicating
that striatal vector infusion produced considerable anterograde
transport via the direct pathway (Figure 2c). PTN immunore-
activity confirmed overexpression of PTN within the striatum
with the pattern of immunostaining colocalizing with cellular
structures (Figure 2f). In order to determine which cells specifi-
cally were transduced, triple label confocal microscopy for PTN,
GFAP, and NeuN was performed on sections through the striatum
and SN. This analysis confirmed that rAAV2/1-PTN/GFP exclu-
sively transduced neurons as has been reported previously for the
rAAV2/1 vector construct’>* (Figure 3a-h).

Experiment 2: Characterization of developmental

and transduced PTN expression

Developmental PTN expression. Before the quantification of de-
velopmental peak striatal PTN levels, western blot analyses were
performed to look for gender differences in striatal PTN expres-
sion at postnatal ages P1, P14, and P35. Results revealed no signif-
icant gender differences in PTN expression at any age (P > 0.05).
Western blot analyses were performed to examine peak striatal
PTN expression across development ages E15, E18, E20, P1, P2,
P14, and P35. Densitometry measurements confirmed that PTN
expression peaked between E20 and P14 and decreased dramati-
cally by P35. These results are depicted in Figure 3i.

PTN expression in adult 6-OHDA lesioned rats transduced with
either rAAV2/1-PTN/GFP or rAAV2/1-GFP. Four or ten weeks
following vector injection (2 pl x 2 sites), rats were sacrificed and
western blots were performed to determine PTN levels in both
PTN/GFP and GFP transduced striatum as well as in contralateral
control striatum. No significant differences in PTN expression
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Figure 1 Experimental design and vector schematics. (a-b) Experimental timeline of pleiotrophin (PTN) neuroprotection experiments 3 and 4. All
rats were injected with rAAV2/1-PTN/GFP, rAAV2/1-GFP, or phosphate-buffered saline (PBS) at time 0. Four weeks later rats were unilaterally injected

in the striatum with 6-hydroxydopamine (6-OHDA). (a) In experiment 3,

rats were tested once for forelimb akinesia in the cylinder test, then per-

formed amphetamine induced rotations before sacrifice and postmortem analysis at 9 weeks post-6-OHDA. (b) In experiment 4, rats were repeatedly
cylinder tested before 6-OHDA injection, and at 5, 9, 13, and 17 weeks afterward before sacrifice and postmortem analysis at 18 weeks post-6-OHDA.
(c—d) Recombinant adeno-associated virus (rAAV) genomic maps of rAAV2/1-GFP (c) and rAAV2/1-PTN/GFP (d) vectors used in all experiments.
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Figure 2 rAAV2/1-PTN/GFP injection yields efficient transduction
of the striatum accompanied by both retrograde and anterograde
transport to the SN. (a-b). GFPir cells within the striatum of a rat 4
weeks after receiving a single 2 pl injection of rAAV2/1-PTN/GFP. (c).
GFPir cells within the substantia nigra pars compacta (SNpc) of same
rat, indicating retrograde transport of rAAV2/1-PTN/GFP. GFPir neurites
within the SNpr reveals anterograde transport. (d) GFPir cells within the
SNpc at higher magnification. (e) GFPir cells within the striatum of a rat
12 weeks after receiving rAAV2/1-GFP. (f) PTNir cells within the stria-
tum of a rat 12 weeks after rAAV2/1-PTN/GFP. PTN, pleiotrophin; rAAV,
recombinant adeno-associated virus.

were detected between 4- and 10-week time points (P > 0.05) and
these time points were combined for subsequent statistical analy-
sis. Overall there was a significant difference in PTN expression
between treatment groups (F, , = 18.245, P = 0.002). Integrated
intensity values for PTN expression were significantly greater in
the PTN/GFP transduced striatum compared to the contralateral
intact striatum (P < 0.001), the rAAV2/1-GFP injected striatum
(P =0.002), and the GFP contralateral intact striatum (P = 0.048).
Specifically, rAAV2/1-PTN/GEFP injection resulted in an approxi-
mately threefold increase in PTN protein compared to all other
treatment groups. The level of striatal PTN expression achieved
by rAAV2/1-PTN/GFP injection was statistically identical to the
peak developmental PTN levels (P1, P > 0.05). No significant
differences were detected between rAAV2/1-GFP transduced
striatum or contralateral intact samples from either PTN or GFP
groups (P > 0.05). These results are depicted in Figure 3j-k.

rAAV2/1-PTN/GFP striatal volume in transduced, 6-OHDA le-
sioned rats. A second cohort of rats was injected with rAAV2/1-
PTN/GEFP (2 ul x 2 sites), and was sacrificed 20 weeks after vector
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injection. Brain tissue was immunostained for GFP. The total
striatal area and areas of GFPir staining were outlined using the
Neurolucida program (Microbrightfield Bioscience, Williston,
VT) in order to determine the volume of the striatum trans-
duced by injecting 4 pl of vector. The average striatal volume was
1.32 x 10" £ 9.65 x 10* pm’ and average GFPir volume within
the striatum was 7.58 x 10° £ 2.31 x 10° um®. GFPir transduction
volume was ~57% of the average striatal volume. An example of
GFP staining and transduction volume from a rat injected with
rAAV2/1-PTN/GEFP is depicted in Figure 31

Experiment 3: Neuroprotection from intrastriatal
6-OHDA

We next examined the impact of PTN gene transfer (2 pl x 2 sites)
on 6-OHDA-induced degeneration of SNpc THir neurons and
density of THir neurites in the striatum (Figure la). A two-way
repeated measures ANOVA revealed that significantly more THir
neurons were spared in the ipsilateral rAAV2/1-PTN/GFP SNpc
compared to the ipsilateral rAAV2/1-GFP SNpc (F, = 234,
P =0.001). Additionally, the contralateral, intact SNpc possessed
significantly more THir neurons than the ipsilateral, lesioned
SNpc in both groups (Fu,m) =154.4(17.67), P<0.001). GFP trans-
duced animals maintained ~32% of the intact THir neurons in the
ipsilateral SNpc, whereas PTN/GFP transduction increased THir
neuron survival in the ipsilateral SNpc to 69% of the intact con-
trol. These results are depicted in Figure 4a-d and g.

To determine whether PTN gene transfer could protect THir
neurites in the striatum, the density of THir neuritic profiles
within the PTN/GFP transduced and GFP transduced areas of the
striatum were directly compared. Rats in both groups exhibited
severe loss of ipsilateral striatal THir neurite density as a result
of intrastriatal 6-OHDA as has been reported previously.” Nine
weeks following vector injection, THir neurite density within the
rAAV2/1-PTN/GFP transduced striatum was significantly higher
then that of rAAV2/1-GFP-injected animals (#(5) = 2.591, P =
0.049). The PTN/GFP transduced area of the striatum contained
an average THir neurite density of 0.01153 + 0.00480 um/um?
whereas the GFP transduced striatal area possessed an average
striatal THir neurite density of 0.00112 + 0.00015 um/um?®. These
results are depicted in Figure 4h.

PTN/GFP and GFP transduced rats were also examined for
the contralateral forelimb use in the cylinder task and amphet-
amine-induced ipsilateral rotations 8 weeks after 6-OHDA. No
significant differences were observed between the two treatment
groups in either behavioral measure (P > 0.05, Figure 4e,f).

Experiment 4: Functional neuroprotection after long-
term PTN overexpression

We next examined the impact of PTN gene transfer (3 ul x 1 site),
on functional restoration and protection of SNpc THir neurons
in unilaterally 6-OHDA lesioned rats over a period of 17 weeks
(Figure 1b). PTN/GFP and GFP transduced rats and phosphate-
buffered saline (PBS) sham-injected rats were examined for con-
tralateral limb use in the cylinder task before 6-OHDA injection,
and 5, 9, 13, and 17 weeks afterward. An overall decrease in con-
tralateral forepaw use was observed in all groups at 5 weeks after
6-OHDA as compared to their pre-lesion baseline, likely due to the
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Figure 3 Characterization of pleiotrophin (PTN) expression after intrastriatal rAAV2/1-PTN/GFP injection. (a-h) Triple labeled immunofluo-
rescence confocal images of (a—d) striatal and (e-h) nigral neurons in rats injected with rAAV2/1-PTN/GFP (2pul x 1 sites). Merged GFAP, NeuN,
and PTN images (d, h) indicate that rAAV2/1-PTN/GFP transduction is localized to neurons. (i) Western blot PTN immunodetection in naive striatal
samples from rats across developmental ages with highest expression between ages E20 and P1. (j) Western blot immunodetection from striatal
samples of naive P1 and P2 rats or 6-hydroxydopamine (6-OHDA) lesioned adult rats transduced with rAAV2/1-PTN/GFP (2l x 2 sites) or contralat-
eral uninjected striatum. (k) Western blot quantification of striatal PTN levels in naive P1 rats or 6-OHDA lesioned adult rats transduced with either
rAAV2/1-PTN/GFP or rAAV2/1-GFP (2 ul x 2 sites) and the corresponding contralateral uninjected striatum. PTN expression in the adult rAAV2/1-PTN/
GFP striatum approximately tripled that of rAAV2/1-GFP-injected animals and naive controls, and was not significantly different from P1 levels (*P >
0.05). Values expressed as the mean percent of control + SEM for each group. (I) An example of GFP immunoreactivity in striatum of rAAV2/1-PTN/
GFP transduced adult rat 20 weeks after vector injection (2l x 2 sites). The average striatal volume was 1.32 x 10" + 9.65 x 108 pm? and average
GFPir volume within the striatum was 7.58 x 10? £ 2.31 x 10? pm?, ~57% of total striatal volume. Values are expressed as mean + SEM. rAAV, recom-
binant adeno-associated virus.
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loss of dopaminergic terminals in the striatum after 6-OHDA.»
There were no significant differences between GFP and PBS-
injected rats at any of the five time points (P > 0.05) and these
two control groups were merged for subsequent statistical analysis
(control). One-way RMANOVAs revealed significant changes in
cylinder task performance over time, post-lesion for both control
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Figure 4 Intrastriatal rAAV2/1-PTN/GFP injection (2 pl x 2 sites) pro-
vides neuroprotection against 6-hydroxydopamine (6-OHDA). (a-d)
THir neurons within the SNc of rats ipsilateral to striatal 6-OHDA (a, ¢,
Lesion) or no toxin (b, d, Intact). (a) Reporter vector rAAV2/1-GFP does
not protect THir neurons from degeneration. (c) Increased THir neuron
survival in the SNc is associated with injections of rAAV2/1-PTN/GFP to
the striatum. (e) Forelimb akinesia in the cylinder task. No differences
were observed in contralateral forelimb use for lesioned rats 8 weeks after
rAAV2/1-PTN-GFP or rAAV2/1-GFP injection. (f) Amphetamine-induced
rotational behavior. No differences were observed in number of ipsilat-
eral rotations at 5 or 8 weeks in rats injected with either rAAV2/1-PTN/
GFP or rAAV2/1-GFP. (g) Striatal injection of rAAV2/1-PTN/GFP provides
significant neuroprotection from 6-OHDA for THir nigral neurons (*P <
0.05). (h) pleiotrophin (PTN) transduction is associated with a significant
increase in THir neurites in the striatum compared to GFP transduction
alone (*P < 0.05). Values expressed as the mean percent of control £ SEM
for each group. rAAV, recombinant adeno-associated virus.
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and PTN/GFP-treated groups (F,, = 7.058, P < 0.001 control
group, F, = 3.651, P = 0.027 PTN/GFP group). However, rats
injected with rAAV2/1-PTN/GFP showed functional recovery in
contralateral forepaw use similar to prelesion performance by 13
weeks (P = n.s. compared to baseline), which persisted through
the 17-week measure (P = n.s.), whereas control (rAAV2/1-GFP
or sham injected) rats never recovered contralateral forepaw use
compared to pre-lesion levels and continued to demonstrate sig-
nificant impairment throughout the 17-week evaluation period
(P =0.016 at 13 weeks, P < 0.001 at 17 weeks). These results are
depicted in Figure 5a.

Eighteen weeks following 6-OHDA, the same cohort of rats
was perfused and surviving THir SNpc neurons were quantitated.
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Figure 5 Long-term pleiotrophin (PTN) overexpression facilitates
functional restoration of 6-hydroxydopamine (6-OHDA) induced
deficits in contralateral forelimb use. (a) Forelimb akinesia in the cyl-
inder task. Rats received unilateral intrastriatal injection of rAAV2/1-GFP,
phosphate-buffered saline (PBS) or rAAV2/1-PTN/GFP (3ul x 1 site) 4
weeks before intrastriatal 6-OHDA. 6-OHDA produced significant deficits
in contralateral forelimb use in control rats (rAAV2/1 GFP or PBS, open
square) at all post-6-OHDA time points evaluated and in rats receiving PTN
vector at 5 and 9 weeks after 6-OHDA (filled circle, *P < 0.05). However,
rats receiving PTN vector exhibited recovery of contralateral forepaw use
to near pre-6-OHDA levels at 13 and 17 weeks postlesion (*P = n.s.).
(b) Intrastriatal rAAV2/1-PTN/GFP injection yielded significant neuropro-
tection for substantia nigra pars compacta (SNpc) THir nigral neurons
18 weeks after 6-OHDA (*P = 0.009). (c) GFP and (d) PTN immunore-
activity 22 weeks following striatal injection of rAAV2/1-PTN/GFP. Inset
in d. At higher magnification PTN expression appears to colocalize with
cellular structures in the striatum. (e—f) Representative photomicrographs
of THir SNpc neurons in lesioned SNpc of rAAV2/1-GFP (f) and rAAV2/1-
PTN/GFP (e) injected rats. rAAV2/1-PTN/GFP transduction spared more
THir neurons in the lesioned SNpc (e) compared to rAAV2/1-GFP trans-
duction (f). Values expressed as the mean percent of control + SEM for
each group. rAAV, recombinant adeno-associated virus.

www.moleculartherapy.org vol. 20 no. 3 mar. 2012



© The American Society of Gene & Cell Therapy

A two-way RMAVOVA found main effects of the group factor
(PTN vs. GFP) (F(1,9) =9.719, P = 0.017) and the treatment factor
(6-OHDA or naive) (F(1,9> = 56.356, P < 0.001), confirming that
remaining populations of SNpc THir neurons differed between
rAAV2/1-PTN/GFP and rAAV2/1-GFP transduced rats or lesion
status. Significantly more THir neurons were spared in the SNpc
ipsilateral to the 6-OHDA and rAAV2/1-PTN/GFP-injected
striatum compared to the SNpc ipsilateral to the 6-OHDA and
rAAV2/1-GFP-injected striatum (main effect: P = 0.009). The
contralateral, intact SNpc possessed significantly more THir neu-
rons then ipsilateral lesioned SN in both groups (PTN, P = 0.003,
GFP, P<0.001). GFP transduced animals maintained ~33% of the
control THir neurons in the ipsilateral SNpc, whereas PTN/GFP
transduction increased THir neuron survival in the SNpc ipsilat-
eral to striatal vector injection to 58% of the intact control. These
results are depicted in Figure 5b,e-f.

DISCUSSION

Numerous studies have demonstrated that a variety of neu-
rotrophic molecules elicit positive effects on SN DA neuron
survival and striatal innervation (for review, see refs. 24, 25).
To date, GDNF and NTN have been the most extensively char-
acterized neurotrophic factors for gene therapy and are the only
neurotrophic factors to progress to clinical trials in PD patients.
Arguably, GDNF can be considered the best preclinically char-
acterized gold standard of gene transfer approaches for PD, fol-
lowed closely by NTN. Therefore, any novel neurotrophic therapy,
such as our PTN gene transfer approach, must compare favor-
ably to the efficacy of GDNF gene transfer. Intrastriatal injection
of rAAV-GDNF yields neuroprotection of THir striatal neurites
and nigral neurons as well as functional recovery from lesion with
expression lasting at least 6 months.* AAV2-NTN (commercially
known as CERE-120) administered to the striatum also provides
THir fiber and nigral neuron preservation, functional recovery,
and 12-month long-term expression in NTN transduced animals.®
Retrograde transport of the vector was observed in some animals.
Volumes of NTN or GDNF expression after transduction were
58% or 83% of total rat striatal volume.® Comparatively, we report
in this study that PTN provides neuroprotection in the striatum
and nigra resembling that of GDNF and NTN and facilitates func-
tional recovery of forelimb use. rAAV2/1-PTN/GFP vector injec-
tion yields significant PTN expression for as long as 5 months after
vector injection, with a transduction area covering 57% of total rat
striatal volume. Retrograde and anterograde transport of the vec-
tor was also observed in PTN/GFP-transduced animals.

We observed functional restoration in animals injected with
rAAV2/1-PTN/GFP after long-term (13 and 17 weeks after
6-OHDA) but not short-term (9 weeks after 6-OHDA) PTN over-
expression. In both experiments the magnitude of nigral DA neu-
ron neuroprotection was approximately the same. It is possible
that the functional recovery observed after 13 weeks is related
to additional sprouting of THir neurites in the striatum, beyond
the level observed in rAAV2/1-PTN/GFP injected rats at 9 weeks
compared to controls. Further studies will need to directly exam-
ine this issue. Prior GDNF and NTN studies support the concept
that extended periods of time are required to detect neurotrophic
factor-induced compensatory sprouting and resulting recovery of
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motor function after a 6-OHDA lesion of the magnitude employed
here. Two such studies used continuous direct protein infusion
of GDNF or NTN into the striatum following 6-OHDA lesions.
In the short-term study (4 weeks after 6-OHDA), no evidence of
striatal neurite regeneration or functional recovery was observed
in GDNF- or NTN-treated animals compared to controls.?® In a
similar, long-term study, although sprouting of new THir neu-
rites in the lesioned striatum was observed 8 weeks after lesion,
no improvement in forelimb akinesia was observed.” In contrast,
two studies report significant AAV-GDNF-mediated recovery of
striatal neurites with accompanying improvements in motor func-
tion 23 and 24 weeks after 6-OHDA.** These results illustrate the
ability of neurotrophic factor therapies to induce compensatory
sprouting in the damaged nigrostriatal system, and that in the
intrastriatal 6-OHDA rodent model, this reinnervation occurs
over a protracted time course. Not surprisingly, behavioral deficits
are corrected following striatal reinnervation and restoration of
striatal DA. Similarly to GDNF and NTN studies, PTN gene ther-
apy in our study has the ability to increase striatal THir innerva-
tion and produce functional recovery in animals with long-term
PTN overexpression. These data together suggest that PTN gene
therapy, like GDNF and NTN, has the potential to be a potent
therapeutic for PD.

The mechanism by which PTN elicits neurite outgrowth and
neuroprotection remains to be elucidated. PTN is known to have
two receptors expressed by nigral DA neurons: syndecan-3 and
receptor protein tyrosine phosphatase B/ (RPTPB/C)."'” PTN
receptor RPTPB/{, mRNA, and protein are upregulated following
6-OHDA lesion.'>'® The best described PTN-receptor interaction
is that with RPTP/C. Briefly, in the absence of PTN, RPTPB/{
is found in the monomeric form, where it exerts phosphatase
activity on its substrates. In the presence of PTN, PTN causes
dimerization of RPTP/{, inactivating its phosphatase activity,
therefore phosphorylating substrates such as -catenin,® Fyn,*
and B-adducin.*® These substrates are linked to changes in actin
cytoskeleton stability.*? Furthermore, the binding of syndecan-3 to
PTN is believed to elicit neuritogenic activities in the brain during
development, although this relationship is less understood.”** It is
unclear if cytoskeletal destabilization influences neuroprotection,
but neuritic structural changes and elimination of cell-cell or cell-
matrix contacts may provide a permissive environment for neu-
roplasticity in the injured nigrostriatal system. The present study
did not examine the mechanism by which PTN elicits neuropro-
tection, but experiments in which RPTPB/{ function is blocked
suggest that PTN-RPTPB/C interactions may be key to generat-
ing neuroprotective effects (for review, see ref. 35). Inhibition of
protein tyrosine phosphatases in the SN preserves striatal dop-
aminergic projections and SN dopaminergic neurons following
nigral 6-OHDA lesioning.*® From a broader perspective, whether
PTN resulting from rAAV2/1-PTN/GFP transduction is secreted
from transduced neurons to induce neuroprotection and restora-
tion, like the secretion of GDNE?Y has yet to be determined, but
studies are currently underway in our lab to differentiate between
autocrine or paracrine mechanisms of action. Combined with our
present results, this suggests that PTN and its receptors play a role
in neuroprotection in the nigrostriatal system via different signal-
ing mechanisms than either GDNF or NTN.
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Although GDNF gene therapy in animal models has been
successful, it is not without unwanted side effects. In particu-
lar, long-term GDNF overexpression mediated by viral vectors
can result in the downregulation of TH, a decrease in DA pro-
duction, and aberrant sprouting in downstream target nuclei
in parkinsonian rodent models.”**** Rarely are levels of GDNF
expression quantitated in these studies, although in some cases
supraphysiological levels of expression have been documented.
Georgievska et al.*® reported a downregulation of striatal TH
and aberrant sprouting in the globus pallidus, entopeduncular
nucleus, and SN in rats in which GDNF expression was increased
as much as 200-fold compared to endogenous GDNF expression
measured from the contralateral nontransduced striatum. More
recently, an 800-fold increase in GDNF expression was reported
in transduced striatum compared to expression in control lentivi-
ral LacZ-injected striatum of aged parkinsonian monkeys treated
with lentiviral GDNE* Our findings indicate that PTN overex-
pression that recapitulates peak striatal PTN levels observed dur-
ing development, and therefore within physiological limits, can
provide neuroprotection. Future studies will be required to con-
firm whether avoiding supraphysiological levels of PTN expres-
sion will circumvent any potential negative side effects associated
with PTN overexpression.

To best approximate the clinical circumstances of PD, PTN
gene therapy must impact nigral DA neuron survival and stri-
atal DA levels after substantial nigrostriatal degeneration has
occurred. A recent study by Taravini and colleagues'” reported
that adenovirus-mediated PTN overexpression in mesencephalic
astrocytes 1 week after intrastriatal 6-OHDA elicits modest but
significant protective effects on nigral DA neurons and striatal
terminals, suggesting that PTN may also possess neurorestorative
potential after nigrostriatal injury. Our present results similarly
indicate that long-term striatal PTN expression can facilitate
neurorestoration to a level that can reverse 6-OHDA-induced
deficits in contralateral forelimb use. Ideally, neurotrophic fac-
tor gene therapies should be implemented after degeneration has
begun and at a time when a subpopulation of nigrostriatal DA
neurons and neurites remain. Testing in late stage PD patients
with severe nigrostriatal degeneration has been a suggested pit-
fall of prior gene therapy clinical trials that failed to meet primary
endpoints.”? Studies underway in our laboratory are examining
the morphological and behavioral effects of PTN overexpression
by rAAV following 6-OHDA induced nigrostriatal degeneration.
The ability of rAAV2/1-PTN/GFP striatal injection to deliver
PTN to the SN through anterograde transport via striatal-nigral
circuitry may prove particularly useful in treating PD patients, as
has been suggested previously.”’ Results from such neurorestor-
ative studies will provide valuable insight to inform our ulti-
mate goal of testing the efficacy of PTN overexpression in PD
patients.

This study demonstrates that expression levels of PTN in the
adult rat striatum that parallel peak developmental levels can pro-
vide marked morphological and functional neuroprotection in the
rat nigrostriatal system from 6-OHDA insult. Our ultimate goal
is to determine whether PTN gene transfer warrants testing as a
PD therapeutic. Future studies will examine the optimal sites for
PTN transduction as striatal transduction alone may not produce
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maximal neuroprotective results. Lastly, we recognize that transfer
of a single trophic factor may not be the optimal strategy, rather
overexpression of multiple neurotrophic factors may be required
to more successfully restore the damaged nigrostriatal system.
Along these lines it is of note that a combination treatment of
PTN and GDNF protein leads to augmented DA neuron survival
in vitro, as well as after transplantation, when compared to each
trophic factor individually.'>** Furthermore, intrastriatal injection
of PTN and GDNF protein following 6-OHDA decreases amphet-
amine-induced rotational asymmetry more significantly then
PTN or GDNF alone.*” A thorough examination of the optimal
PTN transduction site and possible co-trophic factor treatments
will be required in order to fully assess the potential of PTN gene
therapy to provide a clinically effective strategy for the treatment
of PD.

METHODS AND MATERIALS

Animals. Male, Sprague-Dawley rats (Harlan, Indianapolis, IN;
200-225g) were used in the rAAV2/1 PTN transduction efficiency and
neuroprotection studies. Embryos and postnatal pups (E15, E18, E20,
P1, P2, P14, P35) from timed pregnant Sprague-Dawley dams and male
and female Sprague-Dawley rats (~5 months of age) were used for striatal
PTN expression studies. All animals were given food and water ad libi-
tum, and housed in reversed light-dark cycle conditions in the University
of Cincinnati Medical Science Building vivarium, which is fully AAALAC
approved.

Experimental overview

Experiment I: Transduction efficiency after intrastriatal rAAV2/1-PTN/
GFP injection: Rats (n = 13) received either unilateral or bilateral injections
of rAAV2/1-PTN/GFP in the striatum (2pl x 1 site/hemisphere). Four
weeks following vector injection, rats were sacrificed and efficiency of
gene transfer was examined by immunohistochemical examination of the
striatum and SN.

Experiment 2: Characterization of developmental and transduced PTN
expression. Levels of PTN were examined using western blot analysis of
microdissected striatal tissue at E15, E18, E20 (minimum n = 9 pups
from three litters of each age), P1, P2, P14, and P35 (minimum » = 4
pups from two litters each for each age). These PTN expression levels
were compared to striatal PTN levels of lesioned adult rats 4 or 10 weeks
following unilateral intrastriatal injection of either rAAV2/1-PTN/GFP
or rAAV2/1-GFP in the left hemisphere (n = 8, 2l x 2 sites). A second
cohort of rats (n = 3) also was examined at 20 weeks after rAAV2/1-PTN/
GFP injection using GFP immunohistochemistry in order to determine
transduction volume in the striatum.

Experiment 3: Neuroprotection from intrastriatal 6-OHDA. Rats
(n = 14) received unilateral intrastriatal injections of either rAAV2/1-
PTN/GFP or rAAV2/1-GFP (2pl x 2 sites) (Figure la). Four weeks
following striatal vector injections, all rats were unilaterally injected in
the ipsilateral striatum with 6-OHDA. At 5 and 7 weeks after 6-OHDA
rats were assessed for amphetamine-induced rotations, at 8 weeks after
transduction rats were assessed for contralateral forelimb use in the
cylinder task. Nine weeks following 6-OHDA, rats were perfused and
brains were processed for immunohistochemistry. Unbiased stereology
was conducted to quantify tyrosine THir neurons in the SNpc and THir
neurites in rats with verified striatal transduction (n = 5 rAAV2/1-PTN/
GFP; n=5rAAV2/1-GFP).

Experiment 4: Functional neuroprotection after long-term PTN
overexpression. Rats (n = 14) received unilateral intrastriatal injections of
either rAAV2/1-PTN/GFP, rAAV2/1-GFP or an equal volume of PBS (PBS
Sham, 3 pl x 1 site) (Figure 1b). Four weeks following vector injections all
rats were unilaterally injected in the ipsilateral striatum with 6-OHDA.
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Before 6-OHDA and at 5, 9, 13, and 17 weeks after 6-OHDA rats were
assessed for contralateral forelimb use in the cylinder task. Eighteen weeks
following 6-OHDA, rats were perfused and brains were processed for
immunohistochemistry. Unbiased stereology was conducted to quantify
THir neurons in the SNpc in rats with verified striatal transduction (n =5
rAAV2/1-PTN/GFP; n = 5 rAAV2/1-GFP).

Plasmid construction and rAAV2/1 vector production. Human PTN
was cloned from human brain complementary DNA (Biochain Institute,
Hayward, CA) and inserted into an AAV plasmid backbone downstream
of a synthetic chicken B-actin promoter/cytomegalovirus enhancer pro-
moter hybrid.“ In addition, the same vector genome contained humanized
GFP under the control of the full cytomegalovirus promoter (Figure 1d).
The GFP control virus contained the humanized GFP behind the chicken
[B-actin/cytomegalovirus promoter hybrid (Figure 1c). All vectors contained
AAV2 terminal repeats and were packaged into AAV1 capsids by cotransfec-
tion of a plasmid containing the rAAV rep and cap genes as well as adenovi-
rus helper functions and purified using iodixanol gradients and g-sepharose
chromatography as previously described.” Vector titers were determined
using dot-blot assay as previously described.*” The rAAV2/1-GFP titer was
2.75 x 10" genome copies/ml for all experiments. For experiments 1-3, the
rAAV2/1-PTN/GEFP virus titer was 3.45 x 10"> genome copies/ml, for experi-
ment 4 the rAAV2/1-PTN/GFP virus titer 9.06 x 10" genome copies/ml.

rAAV2/1-PTN/GFP, rAAV2/1-GFP, and PBS injection to the striatum.
Fifteen minutes before vector injection, rats received 0.3ml/100g of 25%
Mannitol solution intraperitoneally (i.p.) as described previously to increase
transduction area by increasing hyperosmolality.”® Rats were anesthetized
with Equi-Thesin (0.3 ml/100 g body weight i.p.; chloral hydrate 42.5 mg/ml
+ sodium pentobarbital 9.72 mg/ml) and placed into a stereotaxic frame. In
experiment 1: (transduction efficiency) a 2 pl bilateral intrastriatal injection
of either rAAV2/1-PTN/GFP or rAAV2/1-GFP was made at coordinates
AP +1.3mm, ML +2.6mm, DV —5.0mm. In experiments 2 and 3: a total
of 4 pl of either rAAV2/1-PTN/GFP or rAAV2/1-GFP was injected in two
separate sites in the striatum, 2 pl per site (AP +1.6mm, ML +2.4mm, DV
—4.2mm and AP —0.2mm, ML +2.6mm, DV -7.0mm). In experiment 4,
the total volume injected was reduced to 3 pl in order to compensate for the
higher titer of the rAAV2/1-PTN/GFP vector. Therefore, in experiment 4,
a total of 3 pl of rAAV2/1-PTN/GFP, rAAV2/1-GFP or PBS was injected to
one site in the striatum (AP +0.7 mm, ML +3.0mm, DV -5.5mm). For each
injection the needle was lowered to the site, 1 minute passed before injec-
tion began, and vector was infused at a rate of 0.5 pl/minute using convec-
tion enhanced delivery (Hamilton Gas Tight syringe 80,000, 26s/2” needle;
Hamilton, Reno, NV) coated in SigmaCote; Sigma-Aldrich, St. Louis, MO
050M4340). At the end of the injection the needle remained in place for an
additional 4 minutes before retraction.

Intrastriatal 6-OHDA. Four weeks following vector injections, rats in
experiment 3 were anesthetized with Equi-Thesin as above. Each rat
received four intrastriatal injections of 6-OHDA [MP Biomedicals, Solon,
OH; 5 pg/ul (calculated as free base) 6-OHDA in 0.2% ascorbic acid, 0.9%
saline solution] at 2 ul per site as previously described.* Injection coor-
dinates were (i) AP +1.3mm, ML —2.6 mm, DV -5.0, (ii) MP +0.4mm,
ML -3.0mm, DV -5.0, 3) MP —-0.4mm, ML —-4.2mm, DV -5.0, 4) MP
-1.3mm, ML —4.5mm, DV -5.0. In experiment 3, rats received two 2 pl
injections of 6-OHDA as described previously® at injection coordinates
AP +1.6mm, ML +2.4mm, DV —4.2mm and AP -0.2mm, ML +2.6 mm,
DV —7.0mm. In experiment 4, a total of 3 pl of 6-OHDA was injected to
one site in the striatum (AP +0.7 mm, ML +3.0mm, DV —-5.5mm). For
all rats in all groups, the needle was zeroed at the skull directly above the
injection site in order to target the DV coordinate. For each injection,
the needle was lowered slowly to the injection site and 1 minute elapsed
before injection commenced, 6-OHDA was injected at 0.5 ul/minute and
at the end of the injection the needle remained in place for an additional
4 minutes before retraction.
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Cylinder testing. In experiments 3 and 4, nondrugged, spontaneous use
of the forepaws was measured 8 (experiment 3) or 5, 9, 13, and 17 weeks
(experiment 4, Figure 5a) after 6-OHDA rats as originally described by
Schallert and colleagues.” Briefly, during the dark cycle rats were placed
in a clear Plexiglas cylinder and behavior was videotaped until the animal
produced 20 weight bearing paw placements on the side of the cylinder,
or for 5 minutes, which ever occurred first. Videotapes were analyzed
by a rater blinded to treatment. The number of times the rat used its left,
right, or both paws for weight bearing in a given trial was determined and
noted. Data was reported as the percentage of contralateral (to 6-OHDA),
impaired forelimb use: [(contralateral + 1/2 both)/(ipsilateral + contralat-
eral + both)] x 100.

Amphetamine-induced rotational asymmetry. In experiment 3, rats
were assessed for ipsilateral rotations at 5 and 7 weeks after 6-OHDA as
described previously.’ Rats received an i.p. injection of 5.0 mg/kg amphet-
amine in 0.9% saline and were placed in cylindrical bowls within which
rotational behavior was quantified using the TSE LabMaster (Chesterfield,
MO) rotometer program. Recording began 5 minutes after amphetamine
injections and continued for the following 90 minutes. Data is expressed as
the average number of ipsilateral rotations per minute.

Sacrifice. Experiment 1 rats were sacrificed 4 weeks after vector injection.
Rats in experiment 2 were sacrificed at their appropriate developmental age
or 4, 10 or 20 weeks after vector injection. All rats of age P1 or older were
deeply anesthetized (60 mg/kg, pentobarbital, i.p.) and perfused intracardi-
ally with 0.9% saline containing 1 ml/1 10,000 USP heparin. E15, E18, and
E20 rat embryos were collected from anesthetized timed pregnant dams
as described in the following section. Experiment 3 rats were sacrificed
12 weeks after vector injection (8 weeks following 6-OHDA). Experiment
4 rats were sacrificed 22 weeks after vector injection (18 weeks following
6-OHDA). For immunohistochemistry, brains were removed, postfixed for
7 days in 4% paraformaldehyde (Electron Microscopy Sciences, Hatfield
PA) in 0.1 mol/l PO, buffer, and transferred to 30% sucrose in 0.1 mol/l PO,
buffer. For western blot analysis of striatal PTN levels the lateral ganglionic
eminence (E15, E18, E20) or the adult striatum was immediately removed
and flash frozen in 2-methylbutane on dry ice. Following saline perfusion,
postnatal rats (P1, P2, P14, P35) for western blot analysis of striatal PTN
levels were perfused intracardially with heparinized saline at 37°C and
brains were flash frozen in 2-methylbutane. Tissue used for western blot
was stored at —80°C until dissected.

Striatal dissections. Rat pups ages E15, E18, and E20 were taken from a
terminally anesthetized (pentobaribitol 50 mg/kg, i.p.) dam via cesarean
section. Uterine horns were removed and placed into ice-cold sterile saline
for subsequent dissection. The skull and meninges were removed from
the embryonic brains and the lateral ventricle was opened to expose the
lateral ganglionic eminence. Whole lateral ganglionic eminence, develop-
mental precursor to the striatum, was dissected, rinsed in sterile saline,
and immediately frozen on dry ice. Three embryonic lateral ganglionic
eminences were pooled in a single vial for western blot analysis. Postnatal
tissue (P1, P2, P14, P35) was collected from saline perfused pups and was
dissected similarly to adult tissue (see below). Postnatal (P1, P2, P14, P35)
striatal sample vials contained both left and right striatal hemispheres from
a single animal. Frozen brains from naive postnatal brains and unilaterally
transduced adults were held at —18°C for at least 1 hour before dissec-
tion. 1-2mm coronal slabs were blocked from each brain utilizing a brain
blocker (Zivic, Pittsburg, PA) and striatal tissue from both hemispheres
was microdissected while being held at a constant —12°C on a cold plate
(Teca, Chicago, IL). Frozen dissected structures were stored at —80 °C until
analysis.

Immunohistochemistry. Brains were frozen on dry ice and sectioned at a
40-um thickness using a sliding microtome. Every sixth section was pro-
cessed for labeling with antisera using the free-floating method. Following
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blocking in 10% normal goat serum tissue was incubated in primary anti-
sera directed against TH (Chemicon MAB318, mouse anti-TH 1:4,000)
with 5mg/100 ml sodium azide overnight at room temperature. Triton-X
(0.5%) was added to the Tris buffer during incubations and rinses to per-
meabilize cell membranes. Following primary incubation, sections were
incubated in biotinylated secondary antisera against mouse IgG (Vector;
BA-2001, 1:200) followed by the Vector ABC detection kit employing
horseradish peroxidase (Vector Laboratories, Burlingame, CA). Antibody
labeling was visualized by exposure to 0.5mg/ml 3,3 diaminobenzidine
and 0.03% H,0, in Tris buffer. Sections were mounted on subbed slides,
dehydrated to xylene and coverslipped with Cytoseal (Richard-Allan
Scientific, Waltham, MA).

PTN and GFP immunohistochemistry. Following blocking in 10% normal
goat serum (GFP), 10% normal horse serum (PTN) tissue sections were
incubated in primary antisera directed against PTN (Biotinylated R&D
Systems AF252PB, goat antihuman PTN, 1:25) or GFP (Abcam ab290,
Rabbit anti-GFP, 1:2,000) in 0.1mol/l Tris—-HCI containing 5mg/100ml
sodium azide and 0.5% Triton-X overnight at room temperature.
Following primary incubation, sections for GFP labeling were incubated
in a biotinylated secondary antisera against rabbit IgG (Abcam ab6720,
1:400). Sections were then processed utilizing the Vector ABC detection
kit employing horseradish peroxidase (Vector Laboratories). Antibody
labeling was visualized by exposure to 0.5mg/ml 3,3” diaminobenzidine
and 0.03% H,0, in 0.1 mol/l Tris buffer. Sections were mounted on subbed
slides, dehydrated to xylene and coverslipped with Cytoseal.

Fluorescence PTN, GFAP, NeuN immunohistochemistry for confocal anal-
ysis. Every sixth striatal section was processed for labeling with antisera
against PTN, GFAP, and NeuN using the free floating method. Following
blocking with 10% donkey serum, tissue was incubated in primary antisera
directed against PTN (R&D Systems AF252PB, biotinylated goat antihu-
man PTN, 1:25), GFAP (Chemicon AB5804, rabbit anti-GFAP, 1:500), and
NeuN (Chemicon MAB377, mouse anti-NeuN, 1:200) for 24 hours at room
temperature. Triton-X (0.5 %) was added to the Tris buffer during incuba-
tions and rinses to permeabilize cell membranes. Following primary incu-
bation, sections were incubated in appropriate secondary antisera against
PTN (Invitrogen S11226, Alexa Fluor 568 Streptavidin conjugate, 1:200),
GFAP (Invitrogen A31573, Alexa Flour 647 donkey anti-rabbit, 1:200) and
NeuN (Invitrogen A21202, Alexa Fluor 488 donkey anti-mouse IgG, 1:200).
Sections were mounted on subbed slides, coverslipped with Fluoromount-G
(Southern Biotech 010001, Birmingham, AL), and stored in the dark until
examined. Antibody labeling was visualized using confocal imaging.

Confocal imaging. Fluorescently immunolabeled sections were analyzed
on a Zeiss LSM510 confocal laser scanning microscope and images were
acquired and reconstructed using the Zeiss LSM software. Confocal imag-
ing and Z sectioning were performed at 1um intervals for verification of
colocalization of GFAP, NeuN, and PTN immunostaining. Figures were
produced in Photoshop 7.0 (San Jose, CA). Brightness, saturation, and
sharpness were adjusted only as necessary to best replicate the immunos-
taining as viewed directly under the microscope.

Stereology. Stereology was performed using a BX52 Olympus microscope
(Olympus America, Center Valley, PA) equipped with Stereo Investigator
stereological software (Microbrightfield Bioscience) and a Microfire CCD
camera (Optronics, Goleta, CA) as described previously.?® Using the optical
fractionator principle, the SNs of rAAV2/1-GFP and rAAV2/1-PTN/GFP
rats were individually outlined on each section under a low magnification
(x1.25) and cell counts of THir neurons were made according to stereo-
logical principles while focusing down through the z-axis at x60. An entire
series of nigral brain sections cut 1:6 was analyzed. The total number of
stained neurons (N) in the regions of interest was calculated using the fol-
lowing formula: N= N, -V, where N, is the numerical density and V,,, is

v ROI
the volume of the region of interest. The volume was calculated according
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to the procedure of Cavalieri and variability within groups was assessed via
the coefhicient of error. Using a X60 magnification lens with a 1.4 N/A the
section thickness was empirically determined by first bringing the top of the
section into focus and then using the Stereo Investigator (Microbrightfield
Bioscience) program to step through the z-axis in 1-pm increments until
the very bottom of the section was in focus. Once the top of the section was
in focus, the z-plane was lowered at 1-2 um intervals and cell counts were
made according to stereological principles while focusing down through
the z-axis. PBS Sham injected rats in experiment 4 were qualitatively exam-
ined for number of THir neurons to confirm 6-OHDA lesion.

Subsets of rats transduced with either rAAV2/1-GFP (n = 4) or
rAAV2/1-PTN/GFP (n = 3) were chosen for analysis of THir neurite
densities. Rats in which the majority of the transduction was evident in
the dorsal lateral striatum were selected in order to examine density of
THir neurites in identical striatal regions. Computer generated virtual
slices of striatal sections immunolabeled for GFP were superimposed
over adjacent striatal sections labeled with antisera against TH in order
to delineate the region of transduction of either rAAV2/1-PTN/GFP or
rAAV2/1-GFP within the 6-OHDA lesioned striatum. Analysis of THir
neurite density was performed used the Space Balls probe in Stereo
Investigator. This hemispheric probe was used to obtain an unbiased
estimate of THir neurite length in the striatum using previously reported
methods.” Every sixth coronal section through the entire rostral-caudal
span of the striatum was analyzed. The dorsolateral portion of the striatum
was outlined starting at the lateral striatal border at a depth even with the
ventral border of the lateral ventricle, continuing around the lateral border
of the striatum to its dorsal border and then a line was drawn through
the striatum to connect this dorsal most point with the starting point.
All tracings were made at x1.25. Counts of the neurites that crossed the
borders of the Space Balls probe were made while focusing down through
the z-axis at x60. The volume was calculated according to the procedure of
Cavalieri and variability within groups was assessed via the coeflicient of
error. Neurite density was calculated using the following formula: Density
= Neurite length/volume. All samples were analyzed from coded slides by
one investigator. CEs for all analyses were <0.10.

Western blot. For experiment 2, all samples were homogenized on ice in
2% SDS. Total protein concentration was determined by Bradford protein
assay. Adult samples were prepared as 25ng total protein samples, and
embryonic samples were prepared as 15ng or 25ng total protein samples
using whole tissue homogenates. PTN standards (R&D Systems AF-252-PL,
recombinant human PTN, 100 ul/ml) of 3, 5, 10, 15, or 20 ng were run on
each blot. Western blot protocol was completed as previously described.*
Samples were run on SDS/PAGE and transferred to Immobilon-FL mem-
branes (Millipore, Bedford, MA). Membranes were incubated in in pri-
mary PTN antisera (R&D Systems AF252PB, antihuman PTN goat IgG,
1:2,500) and B-actin antisera (Santa Cruz Biotechnology, Santa Cruz,
CA; mouse monoclonal IgG, SC-47778, 1:2,000) overnight. IRDye800
conjugated donkey anti-goat (LI-COR Biosciences, Lincoln, NE, 926—
32214, 1:15,000) and IRDye680 conjugated donkey anti-mouse (LI-COR
Biosciences; 926-32222, 1:20,000) were used as secondary antibodies. All
antibody dilutions were made in LI-COR specific blocking buffer (LI-COR
Biosciences, 927-40000) Multiplexed signal intensities were imaged with
both 700 and 800 nm channels in a single scan with a resolution of 84 um
using the Odyssey infrared image system (LI-COR Biosciences). Reported
integrated intensity measurements of PTN expression was standardized
accordingly to corresponding B-actin densitometry measurements.

Vector-transduced striatal volume. Neurolucida v.7, Neurolucida
Explorer (MicroBrightField), a BX52 Olympus microscope (Olympus
America), and a Microfire CCD camera (Optronics) were used to calcu-
late GFPir transduced striatal areas in rats 20 weeks following rAAV2/1-
PTN/GFP injection. Volumes were determined from manual tracings of
the striatum and GFPir staining within the striatum approximately every
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6th serial section along the anterior—posterior (coronally sectioned) axis.
Striatal tracings began at ~2 mm anterior to bregma and were terminated
at ~0.2mm posterior to bregma. The 40-um section thickness and the dis-
tance between each section (~240 um) allowed Neurolucida to construct
a 3D model of the striatum and the transduced area within the striatum
from 2D tracings. Using these models, characteristic volumes of the stri-
atum and the transduced area within the striatum were determined by
Neurolucida Explorer.

Statistical analysis. For experiment 2, a Student’s ¢-test was performed to
look for differences in PTN expression between male and female P1, P2,
P14, and P35 striatal samples and to look at differences in PTN expression
between P1 and P2 striatal samples. Normalized integrated intensity val-
ues (arbitrary units) reported by LI-COR Odyssey software v3.0 (LI-COR
Biosciences) were used for all statistical analyses. Data were transformed
to ensure normality and equal variances before statistical tests were per-
formed. A one-way ANOVA was performed to look at differences in PTN
expression between striatal tissue samples from rats of ages E15, E18, E20,
P1,P2, P14, P35. In adult transduced and lesioned rats, a two-way repeated
measures ANOVA was performed to look at significant differences in PTN
expression between rats receiving rAAV2/1-PTN/GFP or rAAV2/1-GFP
and lesioned versus intact sides. Significant differences in main effects were
determined by Holm-Sidak post hoc analysis.

For experiments 3 and 4, the mean + SEM was calculated for each
group of rats for each parameter and is reported in the results section.
A Student’s t-test was performed to look at significant differences in
THir striatal terminal densities between rats receiving rAAV2/1-PTN/
GFP and rAAV2/1-GFP. A two-way RMANOVA was performed to look
at significant differences in THir SNpc neuron numbers between rats
receiving rAAV2/1-PTN/GFP or rAAV2/1-GFP (treatment factor) and
between lesioned versus intact sides (group factor). For this test, the
group factor, defining whether the striatum was lesioned or intact, was
the RM because the intact ipsilateral internal controls were from the same
parent animals. Additionally, one-way RMANOVAs were performed to
determine significant differences in contralateral forepaw use behaviors
between pre- and post-6-OHDA time points. Significant differences in
main effects were determined by Holm-Sidak post hoc analysis. SigmaPlot
11.0 (Systat Software, San Jose, CA) was used for all statistical analyses
and level of statistical significance was set at P > 0.05.
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