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ABSTRACT

The use of gene therapy has been intensively studied
as a potential method to treat Parkinson’'s disease
(PD) and other degenerative brain diseases. However,
the effects of experimental measures and approaches
on the outcome of gene delivery or on the physiolo-
gical state of target tissues have not been analyzed as
much and systematically. Therefore, we have infused
adenovirus vectors expressing either a therapeutic ty-
rosine hydroxylase (TH) gene or alacZ reporter gene
into striatum in a rat model of PD. The experimental
procedures were tested using the Ad lacZ vector in
order to optimize concentrations, volumes, infusion
speeds and transfection times. The expression of Ad
lacZ vector was lower and declined earlier in the le-
sioned than unlesioned striatum suggesting that the
lesion affects on the transfection efficiency and out-
come of gene transfection. The effect of three diffe-
rent approaches of Ad TH vector transfection was com-
pared: 1) the delivery of Ad TH gene vector alone
into one single site of striatum, 2) the delivery of Ad
TH gene vector alone into multiple sites of striatum,
and 3) the delivery of Ad TH gene vector into one site
of striatum followed by a continuous infusion of tet-
rahydrobiopterin (BH4) cofactor with a mini pump.
There was a small and transient unsignificant de-
crease in the turning behavior when the Ad TH vec-
tor was delivered into one site of the striatum. Simul-
taneous infusion into several sites or together with
BH4 cofactor did not improve more the effect of gene
delivery. Thus, although the effects were unsignifi-
cant, the Ad TH transfection seemed to decrease the
turning behavior in the rat model of PD and the op-
timal effect was seen at some specific doses and time
points. Furthermore, the outcome of gene therapy
could depend in addition to the amount and efficacy
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of gene vectors also on the physiological state and ex-
perimental strategies.
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1. INTRODUCTION

The development of Parkinson’s disease (PD) is asso-
ciated with the degeneration of dopamine producing cells
in substantia nigra and the resultant decreases of dopami-
nergic activity and motor impairment [1,2]. Current phar-
macological treatment of Parkinson’s disease is insu-
fficient, contains serious side effects and even loses its
efficiency by time [3,4]. As one alternative strategy the
use of gene therapy has been intensively studied to im-
prove the treatment of Parkinson’s disease [5-8].

A number of gene delivery vectors and therapeutic
genes have been used to study the potential of gene deli-
very in experimental models of Parkinson’s disease [7,8].
Viral vectors have been more effective and useful than
nonviral vectors for in vivo gene transfections despite
that they have in general higher toxicity. Viral vectors
examined in the study models of Parkinson’s disease in-
clude e.g. adenovirus, adeno-associated virus and lenti-
virus vectors. Therapeutic genes which have been used
especially to enhance dopamine synthesis are amino acid
decarboxylase (AADC), tyrosine hydroxylase (TH) and
GTP cyclohydrolase I, and those to improve especially
the condition of dopaminergic cells are neurotrophic fac-
tor genes as glial cell derived growth factor (GDNF) and
neurturin [7,8]. In the animal models the use of gene the-
rapy has been efficient, the synthesis of dopamine has in-
creased and the experimental measures and symptoms of
Parkinson’s disease improved. However, as far the re-
sults from clinical studies have been rather inconsistent
although promising.
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In the present work, we have used adenovirus (Ad)
vectors to examine the striatal TH gene delivery in a rat
model of PD. Experimental conditions were followed with
the lacZ reporter gene in order to optimize the amounts,
volumes and distribution of the gene transfection. The
behavioural effect of TH gene transfection was estimated,
when the Ad TH vector was delivered into single or
multiple sites of striatum or when the tetrahydrobiop-
terin (BH4) cofactor was infused continuously after TH
gene transfection.

2. MATERIAL AND METHODS
2.1. Drugs

6-Hydroxydopamine HCI, apomorphine HCI and tetrahy-
drobiopterin were obtained from Sigma-Aldrich Co. (St.
Louis, MO, USA). Lidocaine was purchased from Orion
Pharma (Espoo, Finland), chloral hydrate from Merck
KgaA (Darmstadt, Germany) and buprenorphine from
Schering-Plough (Kenilworth, NJ, USA). If not other-
wise mentioned, all the drugs were dissolved in 0.9%
NaCl. The doses of drugs refer to the respective free
bases.

2.2. Animalsand Housing

Male Wistar rats were supplied by the National Labora-
tory Animal Center, University of Eastern Finland. At
the time of the lesioning, the rats weighed 190 - 280 g.
Before the surgery, the rats were housed in stainless steel
cages in groups of 4 - 5 rats/cage and kept on a 12/12 h
light/dark cycle (lights on at 07:00 a.m.) at an ambient
temperature of 22°C + 1°C. Pelleted food (Lactamin R36,
Lactamin AB, Sodertilje, Sweden) with tap water were
available ad libitum. After the surgery, the animals were
kept in individual stainless steel cages for one week for
recovery and subsequently in groups of 3 - 4 rats. All the
experiments were carried out between 7:00 a.m. and 7:00
p-m. All procedures were conducted according to Euro-
pean Community Guidelines for the use of experimental
animals and reviewed by the Animal Ethics Committee
at the University of Kuopio in conformance with current
legislation and approved by the local Provincial Govern-
ment.

2.3. Lesion of the Right Medial Forebrain
Bundle

The lesion procedure was performed according to Unger-
stedt [9] with minor modifications as earlier described
[10,11]. 6-OHDA was dissolved in isotonic NaCl solu-
tion containing 0.2 mg/ml of ascorbic acid (2.5 ug of 6-
OHDA in 1 pl). The volume of the 6-OHDA-infusion
was 4 ul and it was dispensed over an 8 min period. The
coordinates for the final infusion site in the right medial
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forebrain bundle (MFB) near substantia nigra measured
from bregma were [AP —4.4, L —1.2, DV —8.3] [12]. Be-
fore the surgery, lidocaine was applied to the scalp and to
the surface of the skull as local anesthesia to relieve post-
operative pain. Also a single dose of buprenorphine (0.02
mg/kg) was given subcutaneously after the surgery.

2.4. Testing of Successfulness of 6-OHDA-L esion

Following a 2-week recovery period, rats were tested for
apomorphine-induced (0.1 mg/kg subcutaneously) rota-
tional behavior to assess the successfulness of the lesion
using an automatic 8-channel rotometer (Coulbourn In-
struments, Inc., Allentown, PA, USA). The rotometer re-
gistered ipsilateral and contralateral full circlings sepa-
rately. The rats showing >100 full contralateral circlings
in a 60-min test session were accepted for further tests.

2.5. Adenovirus Vector

Replication-deficient E1-E3-deleted adenovirus (sero-
type 5) expressing specific transgenes have been used for
these studies [13,14]. The distribution and efficiency of
gene transfection was estimated as beta galactosidase ac-
tivity using X-gal histochemistry. To optimize the trans-
fection conditions of the adenovirus-mediated gene trans-
fection in the striatum, the dose-dependence (10°, 10°,
107, 10® and 10° pfu), the effects of transfection volumes
(1,5, 10 and 20 pl; 10® pfu) and time course (3, 7 and 14
days) were examined. Coordinates of infusion sites, and
titers and volumes of injected virus varied for individual
experiments.

2.6. Administration of the Ad TH Gene Vector
into 6-OHDA-L esioned Striatum

Part 1. Transfection of TH gene into one site of striatum.
After the apomorphine test, successfully lesioned rats
were randomly divided into six treatment groups (n = 6
in each group). For the vector administration into the 6-
OHDA -lesioned striatum, the rats were anesthetized with
chloral hydrate (350 mg/kg, i.p.). A stainless steel guide
cannula (made from a 23 G needle) was lowered 2.0 mm
above the infusion site. An infusion needle (made from a
30 G needle) was lowered 2.0 mm below the tip of the
guide cannula. The needle was connected to PE10-type
tubing with a Hamilton microsyringe, and run by a mo-
tor-driven slow-motion syringe pump (Univentor 864,
AgnTho’s AB, Lidingd, Sweden). The infusion of vector
(Ad TH-vector at doses of 10° - 10° pfu/ml or Ad lacZ-
vector at a dose of 10" pfu/ml) or vehicle solution (NaCl)
was given into one site of the lesioned striatum at the
final coordinates measured from bregma (AP +0.2, L
—2.8, DV -2.5) [5]. The infusion volume was 6.0 ul and
it was infused over a 6-min period at a flow rate of 0.5
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pl/min. The needle was retained in position for 4 min
after the infusion.

Part 2. Transfection of TH gene into four sites of
striatum. There were five treatment groups of 6-OHDA-
lesioned rats (n = 6 in each group). The experimental
protocol was the same as in Part 1 except for the in-
fusion sites and the infusion parameters. The vector infu-
sion was given into four sites of the lesioned striatum.
For the quadruple infusion, four needles (29G) were lo-
wered directly to the infusion sites using a custom-made
infusion instrument where the needles were fixed to a
block that was used as a single unit. Each needle was
connected to tubing with a microsyringe and run by a
motor-driven slow-motion syringe pump. The final coor-
dinates for intrastriatal vector infusion (Ad TH-vector at
doses of 10° - 107 pfu/ml or Ad lacZ-vector at a dose of
107 pfu/ml) were measured from bregma (AP 1.2, L —2.4,
DV -6.0); (AP 0.5, L -3.5, DV -7.0); (AP 0.0, L 2.2,
DV -6.5) and (AP —0.8, L 4.0, DV -6.5) [5]. The volume
of the infusion was 3.0 ul and it was infused into each
location over a 6-min period at a flow rate of 1.0 pl/min.
The needles were retained in position for 4 min after the
infusion.

Part 3. Transfection of TH into one site of striatum
followed by a continuous infusion of BH4 cofactor. BH4
was dissolved in isotonic saline containing 1 mg/ml as-
corbic acid. Osmotic minipumps (Alzet Model 2002,
Alza Co. Palo Alto, CA, USA) were filled with 0.02 mM,
0.2 mM or 2.0 mM BH4 or vehicle and then incubated at
37°C overnight in isotonic saline before implantation. In
the morning of the surgery, rats were randomly divided
into five treatment groups (n = 8) and they were anesthe-
tized with chloral hydrate (350 mg/kg, i.p.). Ad TH at a
dose 1 x 107 pfu/rat or saline were infused into one site
of the lesioned striatum at the final coordinates measured
from bregma (AP +0.2, L —2.8, DV —2.5) [5] as descri-
bed in Part 1. After this, osmotic minipumps containing
BH4 or vehicle were implanted subcutaneously. Each
pump was attached to a catheter with a custom-made in-
strument with an infusion needle implanted surgically
under a stereotaxic device, being secured to the skull us-
ing stainless steel screws and dental cement enabling lo-
cal BH4 infusions at a rate of 0.5 pl/min for 14 days.

2.7. Testing of Rotational Behavior after the
Intrastriatal Infusion of Gene Vector

The rotation tests started one week after intrastriatal vec-
tor infusion and continued at one-week intervals until
week 8 and week 9 for single and quadruple infusions,
respectively. The rotational test was performed as descri-
bed when testing the successfulness of 6-OHDA-lesion.
In each group, the results were compared against the re-
sult of preoperative apomorphine-induced rotation test of
each group i.e. that performed just before the infusion of
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the gene vector. After the last rotation test, the rats were
deeply anesthetized with chloral hydrate and transcardi-
ally perfused with phosphate buffer saline (PBS), follow-
ed by 4% paraformaldehyde (Merck, Darmstadt, Ger-
many) in phosphate buffer pH 7.4. The brains were re-
moved, postfixed for 4 h and stored at —=70°C.

2.8. Statistical Analysis

The mean of the total amount of contralateral rotations in
preoperative test performed prior to the gene vector in-
fusion of each group was calculated and amount of con-
tralateral rotation after the infusion in each test were ex-
pressed as a percentage of this value (=100%). Group re-
sults are shown as means +SEM. The effect of gene
vector treatment vs. apomorphine-induced rotational be-
havior was analyzed by using one-way analysis of va-
riance (ANOVA) followed by Tukey’s post hoc test. Sta-
tistical analyses were performed with GraphPad Prism
4.03 software (GraphPad Software, San Diego, CA,
USA). The criterion for statistical significance was p <
0.05.

3. RESULTSAND DISCUSSION

Gene therapy has been developed as a novel approach to
the treatment of neurological diseases, and e.g. adeno-
virus-mediated gene therapy has been tested as a poten-
tial treatment for Parkinson’s disease in animal models.
It is suggested that the outcome of gene transfection can
depend on the physiological state of target cells and
tissue [15,16]. It is possible that in the experimental
models of PD the success of gene therapy could be af-
fected by the condition of nigrostriatal cells, too.

In preliminary experiments we compared the effici-
ency, maintenance and distribution of the Ad lacZ gene
transfection between the intact and lesioned striatum (Ta-
ble 1, Figure 1). The unilateral lesion of the rat stria-
tum was induced by an injection of 6-OHDA into the
right MFB causing a site-specific degeneration of nigro-
striatal nerve fibers leading from the substantia nigra to
striatum. Two to three weeks after that, the unlesioned
and lesioned striatum was transfected in parallel in the
same rats.

Table 1. Comparison of Ad lacZ expression levels in the intact
and lesioned rat striatum.

Intact Lesioned
Day 3 -+ -+
Day 7 4+ +++
Day 14 ++++ +++

Estimations are from gene transfections made with different volumes (n = 4
- 5) and time points (n =4 - 5).
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Figure 1. Doses (I A-E) Dose-dependence of Ad lacZ gene transfection in the striatum of unlesioned
control rats analysed as a beta galactosidase histochemistry at 7 days from gene delivery. The infusion
volume was 3 pl and the titers were 10°, 10°%, 107, 10® and 10° pfu for A, B, C, D and E, respectively.
Volumes (II A-F) The effect of different volumes of Ad lacZ vector (10° pfu) on the gene expression one
week after gene transfection. The infusion volumes were 1, 5, 10 and 20 ul in A, B,Cand D or E, F, G
and H for the unlesioned or lesioned rat striatum, respectively. Maintenance (III A-F) Time course of Ad
lacZ (10® pfu) vector expression in the unlesioned (A, B, C) and lesioned (D, E, F) rat striatumat day 3, 7
and 14 after the gene delivery. The results are representative from three to five gene transfections.

The dose-dependence of Ad lacZ vector (10° - 10° pfu)
delivery was tested in the healthy unlesioned rats by in-
fusing the vector directly to the rat striatum with a mi-
crodialysis pump using a flow rate of 0.5 pl/min (Figure
1). When different infusion volumes were tested, the
adenovirus-mediated lacZ gene transfection was associa-
ted with significant expression of beta galactosidase in
both intact and lesioned striata.

The maintenance of transfection and expression was
followed for 1, 3, 5, 7 and 14 days. The expression of
transgene was somewhat less stable in the lesioned than
intact site. It has been reported earlier that the expression
of adenoviral lacZ gene was different between ischemic
and reperfused rat brains [17]. Similarly the lesion model
used here seemed to weaken the efficiency and expres-
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sion of gene transfection. Thus, in general the Ad lacZ
gene transfection was efficient at both sites, although it
was often more successful, intensive and wider at the
healthy than at the lesioned striatum as summarized in
Tablel.

The effects of three different strategies were compared
for the Ad TH gene transfection in the rat model of PD: 1)
the delivery of Ad TH gene vector alone into one single
site of striatum (Figure 2), 2) the delivery of Ad TH
gene vector alone into multiple sites of striatum (Figure
3), and 3) the delivery of Ad TH gene vector into one site
of striatum followed by a continuous infusion of BH4
cofactor with a mini pump (Figure 4). There was a small
but transient and unsignificant decrease in the turning
behavior when the Ad TH vector was delivered into one
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Figure 2. The TH gene delivery into one site of striatum in the rat PD model. Apomorphine-induced
(0.1 mg/kg, s.c.) rotational behavior was followed in the unilaterally 6-OHDA-lesioned rats. Rats
received vehicle solution (NaCl), Ad lacZ vector or Ad TH vector into one site of lesioned striatum
as a single infusion. Values are means +SEM of contralateral rotations in each test as percentage of
preoperative test performed before intrastriatal infusion (n =5 - 6).
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Figure 3. The TH gene delivery into four sites of striatum in the rat PD model. Apomorphine-in-
duced (0.1 mg/kg, s.c.) rotational behavior was followed in the unilaterally 6-OHDA-lesioned rats.
Rats received vehicle solution (NaCl), Ad lacZ vector or Ad TH vector into four sites of the lesioned
striatum as a single infusion. Values are expressed as percentage of means +SEM of contralateral
rotations as compared to the rotations in preoperative test performed before intrastriatal infusion (n
=5-6).

Copyright © 2013 SciRes. OPEN ACCESS



A. Raasmaja et al. / Open Journal of Genetics 3 (2013) 30-37 35

1 week

200+

10NnS

: 1504

Contralateral rotat;
W
(=)
1

(% from preoperative test)
=
T

(=}

Al
NaCl Ad-TH Ad-TH+BH40.02mM Ad-TH+BH4 02 mM Ad-TH+BH4 2 mM

20017

10NnS

150

Treatment

2 week

—_

(=3

S
i

Contralateral rotat;
W
o

(% from preoperative test)

(=}

Ll
NaCl

Treatment

Figure 4. The TH gene delivery into one site of striatum followed by a
continuous infusion of BH4 cofactor in the rat PD model. Apomor-
phine-induced (0.1 mg/kg, s.c.) rotational behavior was followed in the
unilaterally 6-OHDA-lesioned rats. Rats received Ad TH or NaCl into one
site of the lesioned striatum as a single infusion. After this, BH4 at con-
centrations of 0.02 mM, 0.2 mM, 2.0 mM or vehicle were given as con-
tinuous infusions (for two weeks) into lesioned striatum using osmotic
minipumps. Values are means + SEM of contralateral rotations (n =6 - 8).

site of the striatum.

Simultaneous infusion into several sites or together
with BH4 cofactor did not improve the effect of gene
delivery more than seen for single infusions. Although
the effects were not significant, the Ad TH transfection
seemed to decrease the turning behavior and the optimal
effect was obtained at certain doses and time points. The
outcome of gene therapy seemed to depend on the
amount and efficacy of gene vector. The best response
was seen at an optimal vector amount perhaps due to the
physiological state of target cells and tissue.

A so called full lesion of MFB has been used in this
work and it is known to cause a very strong degenera-
tion of dopaminergic neurons. Therefore, it would be
expected that the treatments of this type of lesion should
not be as successful as those of milder lesions. Also high
amounts and titers of viral vectors may not be most
optimal and effective but even harmful and destructive.
This is supported in that the improvements were seen
with some optimal amounts and titers whereas lower and
higher amounts were not as efficient.

Minor beneficial effects have been received with the
adenovirus vector mediated gene transfections in the
experimental PD models also earlier. For example, the
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Ad TH gene transfection has been earlier studied in the
rat model of PD [18], and it was shown that when the
effects of striatal AdTH gene transfections were tested,
the apomorphine-induced turning was decreased by 30%
and 22% at the days 7 and 14 after the gene therapy,
respectively. Present results are in agreement with this
report. In our study there was a decrease of 30% at 1
week and 20% at 5 weeks.

For a successful gene therapy the target cells and
tissues should be able to appropriately express the thera-
peutic genes and synthesize functionally active proteins.
Earlier a dissociative expression of Ad lacZ gene trans-
fection was found in ischemic rat brain [17]. It has been
reported by others, too, that the transfection efficiency
and transgene expression can be dependent on the lesion
and tissue [19,20]. Therefore, it is likely that the trans-
fection efficiency of gene vectors in the target cells and
tissues would be affected by methodological parameters
and physiological conditions.

Here, the animal model was based on the unilateral
injection of the dopaminergic neurotoxin 6-OHDA into
the MFB near the substantia nigra leading to a full chemi-
cal lesion of dopaminergic cells. It is possible that the
lack of a significant improvement in the present experi-
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Table 2. Experimental overview of TH gene therapy in the rat model of Parkinson’s disease.

Parameter

Method

Object

Significance

Typeof TH genes

Expression of TH genes

Delivery of cDNA

Transcription of gene

Trandation of protein

Physiological response

Behavioral response

Isolation of cDNAs

Cloning to viral and nonviral

expression systems

Type of vectors and expression

plasmids

Ex vivo strategy
Invivo strategy

rtPCR
Northern hybridization
In situ hybridization

Western hybridization
Immunohistochemistry
Enzyme assay

Radioimmunoassay
HPLC

Turning model
6-OHDA

Rat TH1
Human TH1 and TH2

Recombinant viruses
Regulation of expression

Genetically modified transplants
Direct gene transfection in the brain

Identification of TH mRNA
Quantification of TH mRNA
Localization of TH mRNA

Quantification of TH protein

Localization of TH protein
Activity of TH enzyme

Amount of neurotransmitters

Apo-induced rotation
Amp-induced rotation

Auvailability of therapeutic genes

Expression of therapeutic genes
Maintenance
Elimination

Incorporation to target cells and tissues
Delivery to therapeutic site and tissue

Presence of TH mRNA
Amount of TH mRNA
Type of TH expressing cells

Amount of TH protein
Type of TH producing cells
Conversion of I-DOPA by TH enzyme

Synthesis of DA
Dopaminergic activity

Effect of turning behavior in vivo
Improvement by gene therapy

ments was associated with this full lesion model and
substantial degeneration of target cells. This is supported
by the less successful Ad lacZ vector delivery into the le-
sioned than intact site.

It is difficult to compare the results of gene transfec-
tions in the animal models of PD between different labo-
ratories. The efficiency can vary due to a number of ex-
perimental factors such as site and degree of lesions, de-
signs and time schedules, volumes, titers and infusion
rates, or promoters and other vector structures. If the
condition of target tissue would affect on the transfection
and expression of the vector, especially the degree and
site of the lesion would be critical for the outcome.
Therefore, it would be useful to follow the effects of
gene therapy treatments on the physiological conditions
in more detail. Different approaches could be chosen to
estimate the consequences of gene transfections in the
experimental models of PD and other disease models
including analysis of specific cellular and tissue factors
as proposed in Table 2.

Thus, the effect of Ad TH gene therapy was small and
temporary and the effects of different strategies were
similar. In general the results were in agreement with
earlier studies. It is suggested that the minor effects by
the striatal Ad TH gene transfections were due to the full
6-OHDA lesion model used in the present study. There-
fore, it is apparently important to compare and estimate
the outcome of gene delivery with the degree of disease
and state of target tissue.
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