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Abstract
Mucopolysaccharidosis type IIIB (MPS IIIB) is an autosomal recessive lysosomal disease caused by defective production of
the enzyme α-N-acetylglucosaminidase. It is characterized by severe and complex central nervous system degeneration.
Effective therapies will likely target early onset disease and overcome the blood–brain barrier. Modifications of adeno-
associated viral (AAV) vector capsids that enhance transduction efficiency have been described in the retina. Herein, we
describe for the first time, a transduction assessment of two intracranially administered adeno-associated virus serotype 8
variants, in which specific surface-exposed tyrosine (Y) and threonine (T) residues were substituted with phenylalanine (F)
and valine (V) residues, respectively. A double-mutant (Y444+ 733F) and a triple-mutant (Y444+ 733F+ T494V) AAV8
were evaluated for their efficacy for the potential treatment of MPS IIIB in a neonatal setting. We evaluated biodistribution
and transduction profiles of both variants compared to the unmodified parental AAV8, and assessed whether the method of
vector administration would modulate their utility. Vectors were administered through four intracranial routes: six sites
(IC6), thalamic (T), intracerebroventricular, and ventral tegmental area into neonatal mice. Overall, we conclude that the IC6
method resulted in the widest biodistribution within the brain. Noteworthy, we demonstrate that GFP intensity was
significantly more robust with AAV8 (double Y–F+ T–V) compared to AAV8 (double Y–F). This provides proof of
concept for the enhanced utility of IC6 administration of the capsid modified AAV8 (double Y–F+ T–V) as a valid
therapeutic approach for the treatment of MPS IIIB, with further implications for other monogenic diseases.

Introduction

One critical component of effective brain delivery is wide-
spread delivery of therapeutic products throughout the central
nervous system (CNS), as most of these disorders diffusely
affect the CNS [1, 2]. Therefore, identifying a gene transfer

injection method and vector that will diffuse through the brain
more effectively is critical for any disorder that results from
somatic mutations that are ubiquitous. The gene therapy
results obtained in models of an array of autosomal recessive
lysosomal disorders that predominantly affect the brain indi-
cate that more widespread transduction and protein expression
will result in better therapeutic effects in vivo. In addition,
identifying the most efficient transduction regimen should
also result in a safer therapeutic strategy. The requirement for
efficient viral transduction is especially true of lysosomal
disorders whose most devastating symptoms are the result of
widespread brain pathology. Given that currently available
recombinant adeno-associated viral vectors (rAAV) do not
globally transduce the brain after peripheral injection, there
are two basic parameters that can be modified to improve
distribution of brain transduction: improving the efficiency of
vector transduction via capsid alterations and/or choosing the
most efficient route of injection. Recent studies, aimed at
improving our understanding of the cellular roadblocks
affecting the efficiency of adeno-associated viral (AAV)
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transduction, revealed that the ubiquitin–proteasome pathway
plays an essential role in AAV2 intracellular trafficking [3–5].
This is mediated at least in part by epidermal growth factor
receptor protein tyrosine kinase (EGFR-PTK). Additionally a
host cell protein, FK506-binding protein 52 (FKBP52) in its
tyrosine-phosphorylated form, prevents viral second-strand
DNA synthesis, resulting in inhibition of AAV-mediated
transgene expression [6]. Both the viral capsid and human
FKBP52 protein can be phosphorylated by EGFR-PTK [7].
This effect results in substantial numbers of ubiquitinated
virions being recognized and targeted for proteosomal
degradation on their way to the nucleus, and inefficient
second-strand synthesis, thus leading to inefficient nuclear
transport. Phosphorylation prior to ubiquitination can occur at
tyrosine, serine, or threonine residues. Therefore, substitution
of surface-exposed tyrosine or threonine residues on AAV2
capsids was undertaken to allow the vectors to escape ubi-
quitination and subsequent degradation. Importantly, muta-
genesis of highly conserved exposed tyrosine residues
(Y444F, Y500F, or Y730F) on AAV2 capsids enhanced
transduction up to tenfold in HeLa cells and 30-fold in mouse
liver [8]. Since then, single or combined tyrosine mutants of
AAV2 have been successfully tested in vitro in fibroblasts and
mesenchymal stem cells [9] and in vivo in murine hepatocytes
[10], and the retina [3]. Improved transduction of mouse
skeletal muscle was also obtained with tyrosine mutants of
AAV8 in the lungs [11] and in the skeletal muscle by AAV6
vectors [12]. In our previous studies, we compared neonatal
intracranial administration of AAV5, −8, −9, and –rh10 and
concluded that AAV8 was superior to AAV5, −9, and rh10
in its ability to foster robust and widespread transduction
within the mucopolysaccharidosis type IIIB (MPS IIIB) brain
[13, 14]. Consistent with previous studies, we also showed
that AAV8 expressed a preference for neurons and astrocytes
when injected in neonates. To improve upon the therapeutic
capacity of AAV8, we capitalized on the improved trans-
duction efficiency of capsid modified vectors in somatic
organs. The use of AAV8 capsid tyrosine mutants in the brain
of MPS IIIB animals has thus far not been assessed. In par-
ticular, based on its efficiency in a retinal model, we selected
AAV8 (double Y–F) and AAV8 (double Y–F+ T–V) for
further analysis.

To address the variable of the most efficient injection
route to transduce the CNS, the aforementioned modified
rAAV8 vectors were administered either via an intrapar-
enchymal six site (IC6) route, an intracerebroventricular
(ICV) injection, intra-thalamic (TH), and ventral tegmental
area (VTA) methods. As the six site method, which we have
tested previously, is more invasive, requiring six burr holes,
our goal is to identify an alternate less invasive method,
which would lead to the same level of global brain bio-
distribution. The four ventricular spaces in the brain are
filled with CSF, which bathes the brain and spinal cord and

protects these structures from injury. As this represents a
promising route to achieve global brain coverage, several
groups have attempted to exploit the ventricular system as a
therapeutic approach. However, this approach displayed
mixed results, often as a consequence of animal age and
AAV serotype. Similarly, direct intraparenchymal admin-
istration of rAAV has also been used to achieve widespread
transduction. The inclusion of the thalamic and VTA
injection sites is based on the widespread projection pattern
of these anatomical areas. The thalamus projects to the
entire cerebral cortex, while the VTA projects to the frontal
cortex and basal ganglia. Since lysosomal enzymes can be
functionally transported between cells via mannose-6-
phosphate receptors, these small injection sites may affect
large areas of the brain.

To address these issues in the context of the MPS IIIB
model, we performed a comprehensive analysis of two
capsid modified AAV8 variants compared to parental
AAV8 when administered via IC6, ICV, TH, or VTA
methods to identify the most efficient vector and optimal
administration route. We observed a clearly superior
transduction area and intensity with the IC6 AAV8 (double
Y–F+ T–V). We anticipate these results will contribute to
clinical approaches by identifying the optimal gene delivery
vector and method of delivery for treatment of MPS IIIB.

Results

Capsid modification results in varying effect on
brain transduction

We first sought to establish whether any differences existed
between the different capsid modified AAV8 variants
compared to the parental unmodified AAV8. We have
previously shown that intracranial six site administration
(IC6) of AAV8 leads to near global brain biodistribution
within the CNS. We therefore initially assessed for changes
in transduction efficiency as a consequence of capsid
modification via IC6 administration. We qualitatively
investigated four structural areas of functional significance
within the brain for transduction. Surprisingly, we saw that
the AAV8 (double Y–F) modified vector resulted in inef-
ficient cellular transduction compared to unmodified AAV8.
However, use of AAV8 (double Y–F+ T–V) resulted in
robust transduction of the cortex and hippocampus, with
good transduction of the thalamus and cerebellum (Fig. 1).
To gauge the difference in GFP intensity as a consequence
of capsid modification and mitigate the effects of GFP
saturation in florescence signaling, we analyzed the cortical,
hippocampal, thalamic, and cerebellar regions of mid-
sagittal brain sections of animals treated with each vector
using a near-infrared dye. When data were normalized to
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the lowest expressing vector, AAV8 (double Y–F), we saw
that use of AAV8 (double Y–F+ T–V) resulted in the
highest GFP intensity levels compared to unmodified
AAV8 and AAV8 (double Y–F), (2612 a.u. vs. 1420 a.u.
p < 0.01 and 492 a.u. p < 0.0001, respectively) (Fig. 2).
Interestingly, we also noted that unmodified AAV8
was superior to AAV8 (double Y–F) (p < 0.05). These
observations reflect a substantial difference in uptake
kinetics and hints at some differences in trafficking
kinetics. Taken together, we show that AAV8 (double
Y–F+ T–V) > AAV8 > AAV8 (double Y–F), therefore, all
subsequent experiments focused on the use of AAV8
(double Y–F+ T–V).

Global brain biodistribution is achieved by
modulating rAAV delivery route

As IC6-based vector administration represents a relatively
invasive procedure, we next sought to establish whether

comparable global brain biodistribution could be similarly
achieved using alternate methods, namely ICV, thalamic
(TH), and VTA, compared to IC6 with AAV8 (double Y–F
+ T–V) delivery (Fig. 3). Each method was previously
demonstrated to be a well-tolerated, effective method to
achieve widespread brain biodistribution. Both ICV and TH
methods represent bilateral vector administration in only
two injection sites, whereas the VTA method utilizes a
single injection into the parenchyma.

Three months after rAAV injection, four spatially dis-
tinct and relatively equidistant areas were selected for
qualitative and quantitative assessment of GFP expres-
sion. Using the Allen Brain Atlas, we estimated the
relative anatomical locations, in millimeters, medial to
lateral, to be −4.2 (section 1), −3.72 (section 2), −2.72
(section 3), and −1.72 (section 4), respectively. Overall
percentage area with GFP expression for all four sections
was initially compared using MPS IIIB mice. Compared
to the IC6 method, no other method resulted in global

Fig. 1 Assessment of transduction efficiency of AAV8, AAV8
(double Y–F), and AAV8 (double Y–F+T–V) when injected via
the IC6 method. Three-month-old MPS IIIB mice were assessed for
GFP expression and tissue penetration into the cortex, hippocampus,
thalamus, and cerebellum. Low magnification images of the entire

mid-sagittal section are shown below regional high magnification
images. Images obtained using ScanScope FL. Cortex, thalamus, and
cerebellum (×20), scale bar= 100 µm; hippocampus (×8), scale bar=
300 µm.
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tissue penetration and biodistribution. Of the three other
methods, ICV-delivered rAAV showed relatively con-
fined spread to the cortical area above the hippocampus,
hippocampus, and moderate spread to the thalamus and
cerebellum, although lesser penetration into other tissue
sections was observed. The TH delivered similar overall
GFP percentage area to ICV. VTA method was far lower
by comparison.

In the IC6 treated group, AAV8 (double Y–F+ T–V)
transduction is observed throughout the cortex, hippo-
campus, caudate putamen, inferior, and superior colliculus
and to a lesser degree, the thalamus and cerebellum. In the
cortex, robust expression was observed throughout all lay-
ers associated with somatomotor and somatosensory cues,
primarily layer V. Robust expression was also observed in
all layers of the frontal cortex and in orbital areas of the
prefrontal cortex. Both sensory- and motor-related areas of
the superior colliculus exhibited high GFP expression. In
the hippocampus, widespread GFP expression was
observed in all layers. In the thalamus, areas proximal to the
hippocampus were transduced (Fig. 3). Furthermore,
resulting vector transduction of the cerebellum was modest
and resulted in GFP expression in what appeared based on
morphologic assessment to be purkinje neurons, but not
interneurons.

Quantitatively, we see diminishing but substantial GFP
expression in all tissue sections, overwhelmingly exhibited
via the IC6 method, from ~21% total GFP positive area in

tissue section 1, down to ~6% in section 4. It is important to
note that overall, no other method of delivery achieves
comparable levels of GFP biodistribution (IC6 vs. ICV and
TH, p < 0.05 for both, and IC6 vs. VTA, p < 0.01 for all,
Fig. 4). Taken together, we conclude that IC6 rAAV
administration is still the method of choice to foster global
brain biodistribution.

Systemic transduction from CNS delivery of rAAV is
observed

As transport across the blood–brain barrier of some rAAV
vectors has previously been reported, we sought to deter-
mine whether this phenomenon would also be apparent in
the MPS IIIB model. We therefore assessed various somatic
organs including the heart, liver, muscle, kidney, and spleen
of AAV8 (double Y–F+ T–V) treated MPS IIIB animals.
We assessed for this phenomenon in IC6 and ICV treated
animals as parenchymal transport may be less likely to
occur than transport out of the ventricular spaces.
Interestingly, we observed rAAV transduction into the heart
and liver of treated animals with both methods, but did
not observe muscle transduction (Fig. 5). Compared to the
IC6 method, ICV administration of AAV8 (double Y–F+
T–V) resulted in a higher perceived degree of organ
transduction.

Discussion

In the present study, we investigated the impact of admin-
istration of AAV8 and capsid-mutant AAV8 vectors, AAV8
(double Y–F) and AAV8 (double Y–F+ T–V), on the
efficiency of brain transduction. To maximize therapeutic
potential, we also investigated four brain administration
methods: IC6, ICV, TH, and VTA for their effect on
modulating global biodistribution. This is the first study that
reveals the efficiency of capsid mutated AAV8 vectors in
the CNS.

The efficiency of rAAV transduction is dependent on
multiple steps involving virus–host cell interactions, which
include binding to cellular receptors, overcoming intracel-
lular barriers that limit nuclear accumulation of the virus
and the conversion of single-stranded viral genomes to
double-stranded forms [15]. As previously noted, the capsid
is an essential element that influences both the extracellular
events related to the recognition of specific receptors and
intracellular processes affecting the trafficking and uncoat-
ing. Thus, the capsid plays an essential role in the cellular
tropism, transduction kinetics, and intensity of efficiency of
transgene expression [6, 16]. Modulating these properties
can improve both the effectiveness and safety of gene
therapy.

Fig. 2 Use of AAV8 (double Y–F+ T–V) results in superior GFP
intensity levels. Brains of 3-month-old MPS IIIB animals injected
with AAV8, AAV8 (double Y–F), or AAV8 (double Y–F+ T–V) via
the IC6 method were collected and processed. Cortical, hippocampal,
thalamic, and cerebellar limits of sagittal tissue sections were deli-
neated and differences in mean GFP intensity levels across the regions
for each animal and vector injected were assessed using the Image
Studio Lite software and quantitated using one-way ANOVA. Data
were normalized to AAV8 (double Y–F) GFP intensity. *p < 0.05;
**p < 0.01; $p < 0.0001; n= 4.
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Tyrosine, serine, or threonine phosphorylation serves as
a signal for ubiquitination of intact AAV particles, leading
to subsequent targeting for the proteasome-mediated vector
degradation before reaching the nucleus. In this context,
mutation of capsid tyrosine and threonine residues is pre-
dicted to allow the vectors to escape the proteasome
degradation pathway and thus promote more vector
genome delivery to the nucleus and more effective trans-
gene expression.

The increase in transduction efficiency gained from using
capsid mutated vectors has been demonstrated in several
disease models [3, 11, 12, 17, 18]. We have previously
shown that IC6 administration of AAV8 leads to global
biodistribution within the brain of neonatal MPS IIIB mice
[13]. To investigate the potential benefit of using capsid
modified vectors, we first selected available vectors based
on AAV8, namely AAV8 (double Y–F) and AAV8 (double

Y–F+ T–V), for comparison. Our results showed a sig-
nificant and robust difference in transduction efficiency
among these different vectors (Figs. 1 and 2). Although,
AAV8 (double Y–F+ T–V) emerged superior to AAV8
and AAV8 (double Y–F), we were surprised to find that
AAV8 (double Y–F) performed worse than AAV8. Since
both AAV8 (double Y–F) and AAV8 (double Y–F+ T–V)
are mutated at the same residues, it can be concluded that
the T–V substitution in AAV8 (double Y–F+ T–V) plays
an important role in modulating intracellular trafficking in
neural cells. In comparing the effectiveness of the method
of administration in fostering global brain biodistribution,
we found that the IC6 method was far superior to the ICV,
TH, and VTA methods (Figs. 3 and 4). In subjective review
of the images for the various injection methods, MPS IIIB
mice appeared to have higher transduction than WT with
the both the AAV8 (double Y–F+ T–V) and with native

Fig. 3 The route of AAV administration impacts tissue penetration
and biodistribution. AAV8 (double Y–F+ T–V) was injected
into neonatal MPS IIIB animals via the IC6, ICV, TH, and VTA
methods. Brains were extracted at 3 months, sectioned into four
structurally unique, relatively equidistant sections, in millimeters from

midline −4.2 (section 1), −3.72 (section 2), −2.72 (section 3),
and −1.72 (section 4), respectively, and assessed for differences in
tissue penetration and GFP biodistribution as a consequence of
route of administration. Images obtained using ScanScope FL. Scale
bar= 2 mm.
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AAV8, in agreement with our prior publications also
showing higher transduction with AAV8 in MPS IIIB than
WT [14, 19].

We cannot rule out the possibility that some of this effect
may be related to differing total volume of injection. The
maximum injection volume for our Hamilton syringe is 4 μl
and we were uncomfortable injecting more than this in any
one site due to concerns for displacement of tissue and
inducing further artifact by repeated needle placement at a
site in order to reload the syringe and increase volume. We
therefore adjusted concentrations of vector to fit the same
total vector copy number/injection method in the volume
we could comfortably inject with one syringe load for each
site per method.

Given the unique distribution profiles associated with
each method, we postulate that a disease-specific method of
administration should be considered. For example, we saw
that ICV method resulted in very high transduction of the
hippocampus, and parts of the cortex and thalamus (Fig. 3).
This method of administration may be more effective in the
treatment of Alzheimer’s, where severe pathology first
affects parts of the cortex and the hippocampus. Similarly,
we saw that a single VTA injection resulted in localized
deposition in the mid-brain. This application may be better
suited to the treatment of Parkinson’s disease, which affects
cells in a localized region, the substantia nigra. Furthermore,
consistent with previous findings, we also demonstrate brain

Fig. 5 CNS administration of
AAV8 (double Y–F+T–V)
results in somatic transduction
of organs. Three months after
IC6 and ICV routes of AAV
administration, somatic organs
were harvested and assessed for
presence of GFP. Both injection
methods result in preferential
transduction of heart and liver,
indicating vector entry to
systemic circulation. ×20 images
obtained with ScanScope FL.
Scale bar= 300 µm.

Fig. 4 The IC6 method of administration results in the most
widespread GFP biodistribution within the brain. Using 3-month-
old MPS IIIB animals, differences in GFP biodistribution as a con-
sequence of method of administration were quantitatively assessed in
each of the four tissue sections; as well as, cumulatively as indicated in
the figure legend. Data were analyzed by two-way ANOVA. Data
represented as mean ± SEM. *p < 0.05; **p < 0.01; #p < 0.001; $p <
0.0001; n= 5 for IC6 and n= 3 each for ICV, TH, and VTA.
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to systemic spread of AAV8 (double Y–F+ T–V), which
was more pronounced when administered via ICV delivery
(Fig. 5).

In conclusion, the present study is the first to analyze the
transduction capacity of AAV8 capsid tyrosine/threonine
modified vectors and their impact on brain transduction in
the MPS IIIB model. As successful treatment of MPS IIIB
will require global vector biodistribution and tissue pene-
tration, we also sought to identify an optimal method of
delivery which would maximize therapeutic potential.
Taken together, our data revealed that IC6 administration of
an AAV8 (double Y–F+ T–V) vector results in enhanced
biodistribution of transgene expression in the CNS. It is
expected that when combined with a codon optimized α-N-
acetylglucosaminidase (NAGLU) this will result in
increased therapeutic benefit, although the modest transport
of vector into systemic circulation may warrant use of
immunomodulatory agents.

Materials and methods

Mice

The congenic C57BL/6 NAGLU-deficient mouse strain was
a kind gift from Elizabeth Neufeld (UCLA) by way of Mark
Sands (Washington University, St. Louis, MO), and was
maintained and expanded by strict sibling mating [20]. Wild
type (+/+), heterozygous (±) (subsequently referred to as
“Control”) and mutant (–/–). Genotyping was done on tis-
sue of newborn mice (P2–3) by enzyme assay [21] or
NAGLU exon 6 and neomycin insertion cassette PCR. All
animal studies were performed in accordance with guide-
lines of the University of Florida Institutional Animal Care
and Use Committee.

AAV constructs

Recombinant AAV2 plasmids pseudotyped with capsid
proteins from AAV8 were produced, purified, and titered at
the University of Florida Powell Gene Therapy Center
Vector Core Laboratory (Gainesville, FL) as previously
described [22]. Vector titer was determined by dot blot
assays, diluted, aliquoted, and stored at −80 °C until use.

Site-directed mutagenesis of surface-exposed tyrosine
residues on AAV2 capsids has been described recently [6].
Similar strategies were used to generate AAV serotype 8
vectors containing tyrosine to phenylalanine mutations [23].
Vector preparations were produced using the plasmid co-
transfection method.

Each of the three single-stranded rAAV vectors, AAV8,
AAV8 (double Y–F), and AAV8 (double Y–F+ T–V),
express humanized green fluorescent protein driven by the

hybrid cytomegalovirus enhancer/chicken beta-actin pro-
moter and were kind gifts from Shannon Boye at the Uni-
versity of Florida.

Treatments

All treatments were performed in genotyped pups at
3–4 days of age and were well tolerated. For each com-
parison, 3–5 control and 3–5 MPS IIIB neonatal mice were
injected by one of four methods; intracranial six site (IC6,
n= 5), ICV (n= 3), thalamic (TH, n= 3), or VTA (n= 3).
Neonates were cryoanesthetized prior to and during treat-
ment and were then placed on a warming pad after treat-
ment, before being returned to their mothers. All treatments
were well tolerated. Intracranial rAAV-GFP was adminis-
tered using the following coordinates determined by ruler:
IC6—bilateral frontal (from bregma: 2 mm lateral, 1 mm
posterior, and 1.5 mm deep), bilateral temporal (from
bregma: 3 mm lateral, 3 mm posterior, and 2.5 mm deep),
and bilateral cerebellar (from lambda: 1 mm lateral and
posterior, 1.5 mm deep); TH (bilateral injections from
bregma: 4 mm lateral, 1 mm posterior, and 3 mm deep);
ICV—needle was placed perpendicular to the skull surface
bilaterally (0.25 mm lateral to the sagittal suture, 0.50–0.75
mm rostral to the neonatal coronary suture, and 2 mm deep)
[17]; and VTA (unilateral injection from bregma: 4.2 mm
lateral and 4 mm deep; modified from Wolfe et al. [18]). All
injections were conducted by hand through the skull using a
32-gauge Hamilton syringe (Narishige Int., East Meadow,
NY). All mice received a total of 1.4 × 1010 vector genomes
in 4–12 μl volumes over 1–3 min.

Histological procedures

Animals were sacrificed 3 months after vector infusion.
Mice were euthanized with 100 µl of Ketamine (120 mg/
kg)/Xylazine (16 mg/kg) cocktail followed by thoracotomy.
Transcardial perfusion with 1xPBS followed by fresh ice-
cold 4% paraformaldehyde in 1xPBS solution followed.
Brains were harvested, post fixed for 3 h in 4% paraf-
ormaldehyde at 4 °C, followed by overnight incubation in
20% sucrose in 1xPBS at 4 °C. One brain hemisphere was
then embedded in OCT (Triangle Biomedical Sciences,
Durham, NC) and rapidly frozen in a 2-methyl-butane/dry
ice bath. Sagittal sections were cut to a thickness of 20 μm
and stored in a cryoprotective solution at −80 °C until use.

Quantitation of GFP

Quantitation of GFP positive area was conducted using the
Scanscope FL instrument (Aperio Technologies, Vista,
CA). Analysis was conducted using accompanying Image-
Scope software and the Positive Pixel Count FL v1
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algorithm. Use of the tuning feature allowed for maximal
capture of GFP based on pixel intensity. The minimum
intensity was set between 0.2 and 0.22, and maximum
intensity was set to 1. Regions of interest were demarcated
using the Allen Reference Atlas as a neuroanatomical
reference. GFP positive area was determined using the
average from three independent tests performed by three
readers in a blinded manner.

To reliably assess differences in GFP intensity as a
consequence of AAV capsid modification, the Odyssey
Infrared Imaging system (Li-Cor, Lincoln, NE) was uti-
lized. Briefly, mid-sagittal brain sections of AAV8, AAV8
(double Y–F), or AAV8 (double Y–F+ T–V) vector
treated animals were incubated overnight with GFP anti-
body (1:2000, Abcam, Cambridge, MA; Cat. #: ab290) in
1xPBS/0.01% TBS-T/10% NDS/1% BSA buffer. To
visualize GFP, donkey anti-rabbit 680 DR was used
(1:5000, Li-Cor Biosciences, Lincoln, NE, Cat. #
926–68073). Sections are then mounted to slides and
allowed to dry overnight followed by clearing with
Xylene. Slide mounted sections were again air-dried
overnight and scanned using the Odyssey system the
following day. Analysis was conducted using the Image
Studio Lite version 4.0 software (Li-Cor Biosciences,
Lincoln, NE).

Statistical analysis

Sample sizes for groups were based on previously observed
effect size in intensity of 4 and GFP percent area of 3
between AAV8 in control and MPS IIIB. In order to
identify an effect size of 3.14 with alpha error of 0.05 and
power of 0.8, a group size of three is required. GraphPad
Prism 6 was used for statistical analysis. Two-tailed Stu-
dent’s t test was used for unpaired data. Brown–Forsythe
test was performed to confirm equal variance and Tukey’s
test was used to correct for multiple comparisons for
ANOVA analysis. For comparisons with unequal variance,
a log transform was used to normalize the data and reduce
heterogeneity. Bar graphs are shown as mean ± SEM.
Probability p < 0.05 was considered statistically significant.
Animals were allocated to injection method by sequential
selection of alternating method for each virus of animals
randomly selected from each genotype. Allocation of areas
of analysis for histology was carried out in a blinded fashion
but the sample preparation and analysis itself was not
blinded. From the intention-to-treat animals, those with
evidence of vector extrusion during injection were excluded
from analysis.
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