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Abstract

Ornithine transcarbamylase deficiency (OTCD) is the most common inborn error of urea 

synthesis. Complete OTCD can result in hyperammonemic coma in the neonatal period which can 

rapidly become fatal. Current acute therapy involves dialysis; chronic therapy involves the 

stimulation of alternate nitrogen clearance pathways; and the only curative approach is liver 

transplantation. AAV vector based gene therapy would add to current treatment options provided 

the vector delivers high level and stable transgene expression in liver without dose limiting 

toxicity. In this study, we employed an AAV2/8-based self-complementary (sc) vector expressing 

the murine OTC gene under a liver-specific thyroxine-binding globulin (TBG) promoter and 

examined the therapeutic effects in a mouse model of OTCD, the spf ash mouse. Seven days after a 

single intravenous injection of vector, treated mice showed complete normalization of urinary 

orotic acid, a measure of OTC activity. We further improved vector efficacy by incorporating a 

Kozak or Kozak-like sequence into mOTC cDNA which increased the OTC activity by 5- or 2-

fold and achieved sustained correction of orotic aciduria for up to 7 months. Our results 

demonstrate that vector optimizations can significantly improve the efficacy of gene therapy.
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Introduction

Ornithine transcarbamylase deficiency (OTCD) is an X-linked recessive disorder caused by 

mutations in ornithine transcarbamylase, a key enzyme involved in the detoxification of 
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ammonia into urea. A complete deficiency of OTC manifests with hyperammonemic coma 

in the neonatal period associated with a high mortality. If diagnosed early, neonates can be 

rescued with dialysis and stabilized on alternate pathway therapy,1 although survivors often 

suffer from cognitive deficits and experience repeated episodes of hyperammonemic crises.2 

Curative treatment of neonatal onset OTCD involves liver transplantation, usually 

performed in the first year of life, which carries not insignificant morbidity and mortality.3

Liver-directed gene therapy could be an attractive addition to therapy for OTCD because 

OTC is primarily expressed in liver. Recombinant adenoviruses were initially explored as 

vectors for OTC gene therapy because of their high gene transfer efficiency and rapid 

transgene expression in liver.4-6 However, the high immunogenicity associated with the 

adenoviral vector limited its use. Only transient expression of the transgene was observed.7,8 

The most significant concerns related to systemic inflammation following liver-directed 

gene transfer as observed in a pilot human gene therapy study involving adult subjects with 

partial OTC deficiency.9

In contrast to adenovirus, vectors based on adeno-associated virus (AAV) hold promise as 

both efficient and safe vectors for liver-directed gene therapy.10 The discovery of novel 

AAV serotypes and the development of self-complementary (sc) AAV vectors has further 

increased the potentials of AAV vectors.11,12 We previously pursued OTC correction using 

AAV vectors constructed from several novel serotypes and showed markedly enhanced 

efficiency of transduction and expression of the OTC transgene from AAV7, 8, or 9 

compared to AAV2.13 However, even with the most efficient serotypes, high vector dose 

(1×1012 GC per mouse) is required to achieve correction in the spf ash mouse, an OTCD 

mouse model. Such a high dose is not suitable for treatment in humans. More recently, 

Cunningham et al reported the long-term correction and supra-physiological levels of OTC 

expression in spf ash using an AAV8 vector.14 In this study, we have further advanced this 

work by developing and optimizing a self-complementary AAV2/8 vector expressing the 

murine OTC gene under the control of the liver-specific TBG promoter, and examined the 

therapeutic effects of this improved vector in spf ash mice.

Results

To improve the efficacy of OTC gene therapy, we first generated a self-complementary 

AAV2/8 vector carrying the murine OTC cDNA driven by the TBG promoter 

(AAV2/8sc.TBG.mOTC1.1, Figure 1a). In vivo evaluation was performed in adult spf ash 

mice by a single intravenous injection at the dose of 3×1011 or 1×1011 GC (genome copy). 

In the 3×1011 GC dose group, significant reduction of urine orotate was achieved at 3 days 

after vector injection (p<0.05), and complete normalization of urine orotate was achieved 7 

days after injection and sustained through the course of the experiment (56 days; Figure 2a). 

In the 1×1011 GC dose group, partial reduction of urine orotate was observed at 3 days after 

vector injection and complete normalization of urine orotate was achieved at 7 days after 

vector injection and sustained throughout the course of experiment (Figure 2a). Liver OTC 

activity measured at 3, 7, 14, 28, and 56 days post vector administration showed continuous 

increase of OTC activity in liver. At day 56, the liver OTC activity in the high dose group 

reached 68% of the levels in wild-type (WT) mice (Figure 2b).
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Improved OTC gene expression and activity by incorporation of an engineered Kozak or 
Kozak-like sequence in mOTC gene

Although gene transfer was very efficient using the self-complementary AAV8 vector in 

murine liver, OTC activity in the high dose group was still below the levels in WT mice. We 

hypothesized that the lack of the Kozak sequence in the mOTC gene might contribute to the 

apparent inefficiency in translation. To test this, we engineered two constructs: mOTC1.2, 

that contains a perfect Kozak sequence (GCCACCATGG) which also causes a single amino 

acid change (Leu to Val), and mOTC1.3, which contains a Kozak-like sequence without an 

amino acid change in the coding sequence (Figure 1b). The amino acid substitution in 

mOTC1.2 occurs in the OTC mitochondrial targeting peptide that is normally removed upon 

mitochondrial import. The efficiency of mOTC protein expression levels were evaluated in 

adult spf ash mice following a single intravenous injection of 3×1011, 1×1011 or 3×1010 GC 

of AAV2/8sc.TBG.mOTC variants. Two weeks after injection, liver was harvested for 

Western blot analysis, liver OTC activity assay, and OTC histochemistry staining. As 

demonstrated by the Western analysis, the mOTC1.2 vector gave rise to the highest OTC 

protein levels in spf ash mice, followed by the mOTC1.3 vector (Figure 3a). Spf ash mice 

treated with 3×1011 GC of the mOTC1.2 vector had liver OTC activity levels that were 

140% of normal; and mice treated with 3×1011 GC of the mOTC1.3 vector or 1×1011 GC of 

the mOTC1.2 vector had OTC activity levels equivalent to 71% and 61% of levels in WT 

mice respectively (Figure 3b). Overall, at two weeks after vector treatment, mOTC1.2 vector 

treated mice had statistically higher OTC liver enzyme activities than those treated with high 

(3×1011) and medium dose (1×1011) of mOTC1.1 or 1.3 vectors (p<0.05, ANOVA); and 

mice treated with high dose of the mOTC1.3 vector had statistically higher OTC activity 

levels then those treated with mOTC1.1 vector. Histochemical staining for OTC activity in 

liver sections of mice treated with the high dose of the mOTC1.2 and 1.3 vectors 

demonstrated substantial levels of heavily stained hepatocytes, especially in areas 

surrounding the central veins (Figure 3c), similar to a previous report.14 Although mOTC1.3 

had lower expression levels than mOTC1.2, we decided to proceed with further studies 

using mOTC1.3 because it does not contain an amino acid substitution which could lead to 

problems of immunogenicity.

Comparison of liver-specific promoters—Besides vector genome composition (ss vs. 

sc) and Kozak sequence, the promoter plays an important role in determining transgene 

expression levels. We have chosen the thyroxine-binding globulin (TBG) promoter because 

of its liver specificity and small size (680 bp) which is critical because the size of the 

transgene cassette is limited in sc vectors. A recent report by Cunningham et al showed 

long-term correction and supra-physiological levels of OTC expression in spf ash mice using 

a ss AAV8 vector expressing mOTC under the control of a liver-specific LSP1 promoter 

(apolipoprotein E/human α1-antitrypsin enhancer/promoter elements).14 Additionally, this 

single stranded AAV vector also contained the woodchuck hepatitis virus post 

transcriptional regulatory element (WPRE). In some settings WPRE is capable of enhancing 

transgene expression levels15-17 but it also contains potential oncogene activity.18 In order to 

directly compare the promoter strength of LSP1 and TBG, we removed the WPRE element 

from the AAV.LSP1.mOTC.WPRE and cloned TBG.mOTC1.3 to a single-stranded AAV 

vector backbone (AAVss.TBG.mOTC1.3). When comparing the three vectors in spf ash 
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mice at 3 different vector doses, mice treated with AAV2/8.LSP1.mOTC.WPRE had 

statistically higher OTC liver activity than the mice treated with AAV2/8.LSP1.mOTC or 

AAV2/8.TBG.mOTC1.3, but there was no statistical difference between 

AAV2/8.LSP1.mOTC and AAV2/8.TBG.mOTC1.3 treated mice (Figure 4). These data 

suggest LSP1 and TBG have similar promoter strength and WPRE can increase transgene 

expression levels by 3-fold. Because WPRE has oncogenic potential, we did not pursue it 

further for consideration of human trials.

Comparison of ss and sc AAV vectors—The advantages of the scAAV vector were 

confirmed by comparing OTC activity in mice treated with sc and ss 

AAV2/8.TBG.mOTC1.3 vectors. As shown in Figure 3b and Figure 4, mice injected with 

3×1011 GC of the sc.mOTC1.3 vector had 2-fold higher liver OTC activity than mice 

injected with the ss.mOTC1.3 vector at the equivalent dose, although the lower dose groups 

did not show obvious differences at the 2 week time point. Vector genome copies were 

significantly higher in the liver of sc vector-injected mice as compared to the corresponding 

ss vector: 5-fold at 3×1011 GC dose (p<0.05, student t-test), and 3-fold at 1×1011 GC dose 

(p<0.001, student t-test) (Figure 5).

Robust and sustained correction of OTC deficiency in spf ash mice by the 
AAV2/8sc.TBG.mOTC1.3 vector

The kinetics and efficacy of AAV2/8sc.TBG.mOTC1.3 were studied at 3 doses (3×1011, 

1×1011, and 3×1010 GC) in adult spf ash mice. Three days after a single intravenous 

injection, urinary orotic acid levels in both the high (3×1011 GC) and medium (1×1011 GC) 

dose groups were significantly reduced from levels before treatment to levels close to 

normal range (Figure 6a). The low dose (3×1010 GC) group did not show any reduction at 

day 3, but at day 7 post vector injection, the urinary orotic acid levels in all groups were in 

the normal range and sustained through the experiment (Figure 6a). OTC activity was 

measured in the liver lysates harvested at 4, 12, and 32 weeks post vector treatment. The 

liver OTC activity in the high dose group reached 150% of WT levels, and the activity levels 

in the medium dose group were equivalent to those in the WT mice (Figure 6b). The low 

dose group had a marginal increase in activity as compared to the untreated spf ash mice. 

Overall, OTC activity levels were maintained through the course of the experiment. 

Efficient and stable gene transfer by the sc vector was demonstrated by high vector genome 

copies detected in the livers harvested at 4, 12 and 32 weeks post gene transfer, and the 

vector genome copy numbers correlated well with the vector dose (Figure 6c). Expression of 

OTC protein in the treated spf ash mice was further confirmed by Western blot analysis on 

liver lysates and immunostaining of liver sections harvested 4 weeks after vector infusion. 

(Figure 6d and 6f). Immunostaining showed that there were some hepatocytes expressing 

very high levels of OTC protein; those high expressing-cells were scattered around the liver, 

with slightly higher frequency around the central vein. At 4 weeks post infusion, vector-

treated spf ash mice along with untreated spf ash mice and normal littermates (WT) were 

subjected to a NH4Cl challenge. As shown in Figure 6e, the majority of treated mice (73%) 

showed improved behavior scores as compared to the untreated spf ash mice, suggesting 

clinical improvement resulting from gene therapy.
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Discussion

The requirements for gene therapy in diseases caused by defects in secreted proteins, such as 

clotting factors and α1-antitrypsin, are relatively simple. A number of cellular targets can be 

considered, and limitations in transduction efficiency can be overcome by driving high 

levels of transgene expression in cells that are actually transduced. Gene therapy of a 

metabolic enzyme such as OTC presents a more challenging model for gene replacement 

therapy. The gene acts in an autocrine manner (i.e., it can only influence the cell in which it 

is expressed), and the net therapeutic effect is a function of the total number of target cells 

tansduced. Previous studies using adenoviral or AAV vectors have illustrated the difficulties 

of expressing sufficient levels of OTC in vivo to show efficacy. 4,13,16 In our previous study, 

we demonstrated that in OTC deficient mouse models, AAV7, 8, and 9 vectors expressing 

mOTC (i.e., a single stranded genome with a TBG promoter) were able to restore urinary 

orotate levels to normal 15 days after intraportal vector infusion.13 However, these 

therapeutic effects were achieved only at a high vector dose of 1×1012 GC/mouse, an 

unrealistic dose (equivalent to 4×10e13 GC/kg) for treatment of human patients. More 

recently, Cunningham et al reported encouraging results of achieving over 200% of normal 

levels of OTC activity with a single-stranded AAV2/8 vector at the dose of 1.5×1011 GC/

mouse.14 The use of a strong liver-specific promoter (LSP1) was indicated as the main 

factor for superior efficacy.

Our study attempted to determine the precise components of the previously described OTC 

constructs that impacted on transgene expression, with the goal of developing a vector for 

human studies. One important difference between our first AAV8-TBG-mOTC vector and 

the Cunningham construct is that the latter vector contained a WPRE element, which is 

known to enhance transgene expression levels by increasing mRNA stability.15 We removed 

the WPRE from the Cunningham vector and compared the LSP1 ss vector with our TBG ss 

vector. As shown in Figure 4, there was no significant difference between the LSP1 and 

TBG vectors, however both were substantially reduced in comparison to the related vector 

that has the WPRE element. This suggests one component of the expression cassette that 

contributed to high level of expression was the WPRE. Previous work on adenoviral vector-

mediated gene therapy for OTCD has also demonstrated the function of the WPRE 

element.16 Due to the concerns about potential oncogenic activity of WPRE,18 it is probably 

prudent to eliminate the WPRE in all vectors destined for clinical applications.

To develop a clinical candidate vector for OTC gene therapy, we decided to determine the 

influence of other components of the vector including capsid, ITR, promoter, and Kozak 

sequence, on OTC transgene expression. Our previous studies in mouse, dog, and nonhuman 

models identified that AAV8 was the best candidate for hepatic gene transfer.19-21 Initial 

studies evaluated the potential benefit of vectors with sc genomes since previous studies 

showed that they can bypass the rate-limiting second strand DNA synthesis leading to fast 

kinetics and more efficient transduction.22-24 We first generated AAV2/8sc.TBG.mOTC1.1, 

a scAAV vector in which expression of the mouse OTC gene was under the control of a 

liver-specific TBG promoter. Compared to the single-stranded AAV2/8ss.TBG.mOTC used 

in our previous studies,13 this vector did indeed show improved gene expression kinetics, 

with partial normalization of the urinary orotate concentration in the spf ash mouse 3 days 
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after a single intravenous injection of 1×1011 and 3× 1011 GC. However, liver OTC activity 

assays of treated mice at the high dose showed enzyme activity at only one-third of the level 

in WT control mice. Therefore, the initial AAV2/8sc.TBG.mOTC1.1 vector was redesigned 

with a perfect Kozak sequence that results in a Leu to Val amino acid substitution at codon 2 

(mOTC1.2). The use of this OTC 1.2 vector resulted in dramatically improved OTC enzyme 

activity in the livers of treated mice. We created another sc vector (mOTC1.3) that preserves 

the native amino acid sequence with an imperfect but Kozak-like sequence called mOTC1.3. 

The use of mOTC1.3 at 1×1011 GC restored the OTC enzyme activity in the livers of treated 

mice to a level similar to WT. Furthermore, comparison with an ssAAV2/8 vector carrying 

mOTC1.3 shows the self-complementary vector is about 3-fold more efficient than the ss 

vector, as demonstrated by both OTC enzyme activities and vector genome copies in liver. 

Our results demonstrate that optimization of the genome of the vector can significantly 

improve the efficacy of gene therapy. An additional approach that could be explored to 

further improve OTC expression levels is codon optimization, which have been 

demonstrated in hemophilia B gene therapy and is currently being tested in humans.22,23,25

Materials and Methods

Vector construction and production

pAAVsc.TBG.mOTC1.1 was constructed containing the D-sequence deleted 5’ AAV ITR 

and an intact 3’ ITR, the liver-specific TBG promoter, an intron from human 

immunoglobulin, murine OTC coding sequence, and an SV40 polyA. 

pAAVsc.TBG.mOTC1.2, carrying a perfect Kozak consensus sequence and a change at the 

second codon, was generated by site-directed mutagenesis of pAAVsc.TBG.mOTC1.1. 

Further mutagenesis was performed on pAAVsc.TBG.mOTC1.2 to generate 

pAAVsc.TBG.mOTC1.3 in which the second codon was restored to the original sequence 

that results in an imperfect but Kozak-like sequence (Figure 1a). 

pAAV.LSP1.mOTC.WPRE was a gift from Ian E. Alexander, the Children’s Hospital at 

Westmead, Australia. pAAV.LSP1.mOTC was generated by removing the WPRE element 

from pAAV.LSP1.mOTC.WPRE. All vectors used in this study were purified by two rounds 

of cesium chloride gradient centrifugation, buffered-exchanged with PBS, and concentrated 

using Amicon Ultra 15 centrifugal filter devices-100K (Millipore, Bedford, MA). Genome 

titer (GC/ml) of AAV vectors were determined by real-time PCR using a primer/probe set 

corresponding to the TBG promoter and linearized plasmid standards. Vectors were 

subjected to additional quality control tests including sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS–PAGE) analysis for vector purity and Limulus 

amebocyte lysate (LAL) for endotoxin detection (Cambrex Bio Science, Walkersville, MD, 

USA).

Animals

Spf ash mice were maintained at the Animal Facility of the Translational Research 

Laboratories at the University of Pennsylvania as described previously.13 Two to five month 

old spf ash mice and their normal littermates were used in the studies. All animal procedures 

were performed in accordance with protocols approved by the Institutional Animal Care and 
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Use Committee (IACUC) of the University of Pennsylvania. Vectors were administered by 

intravenous (i.v.) injection via the tail vein.

Measurement of urinary orotate

Urine samples were collected before and at various time points after vector treatment for 

orotic acid analysis as described previously.13

OTC enzyme activity assay

OTC enzyme activity was assayed in liver lysates as described previously with 

modifications.26 Whole liver fragments were frozen in liquid nitrogen, and stored at -80°C 

until OTC measurements were performed. A homogenate of 50 mg liver tissue/ml was 

prepared in 50mM Tris acetate buffer pH 7.5, with a Polytron homogenizer. Five hundred 

microgram of liver tissue was used per assay tube, and assays were performed in triplicate. 

Protein concentration was determined on the remaining liver homogenate using the BioRad 

Protein assay kit (Biorad, Hercules, CA, USA) according to the manufacturer’s instructions.

OTC histochemistry

Sliced liver tissue (2 mm) was fixed, embedded, sectioned (9 μm), and mounted onto slides 

for histochemical staining of OTC enzyme activity as previously described 4.

OTC immunostaining

Immunofluorescence for OTC expression was performed on frozen liver sections. 

Cryosections (8 μm) were air dried and fixed in 4% paraformaldehyde (all solutions in PBS) 

for 10 min. Sections were then permeabilized and blocked in 0.2% Triton containing 1% 

goat serum for 30 min. A rabbit anti-OTC antibody diluted 1:1000 in 1% goat serum was 

used to incubate the sections for 1 hour. After washing, the sections were stained with FITC-

labeled anti-rabbit antibodies (Vector Labs, Burlingame, CA, USA) in 1% goat serum for 30 

min, washed, and mounted with Vectashield plus DAPI (Vector Labs).

Western blot analysis

Proteins from liver lysates were separated on 4-12% Bis-Tris NuPAGE gel (Invitrogen, 

Carlsbad, CA) and transferred to PVDF membrane, blocked, and probed with rabbit anti-

OTC antibody (1:5000 dilution) and rabbit anti-tubulin antibody (1:1000 dilution, Abcam, 

Cambridge, MA). Bound primary antibody was detected with HRP-conjugated goat anti-

rabbit IgG antibody (1:10000 dilution, Thermo Fisher, Waltham, MA, USA) and 

SuperSignal West Pico Chemiluminescence Substrate (Thermo Fisher).

Ammonia challenge

A nitrogen-load challenge test was performed on mice at selective days post-vector 

treatment as described previously with modifications.5 The negative controls were untreated 

spf ash mice and the positive controls were normal littermates. Mice were treated with a 0.75 

M NH4Cl solution (7.5 mmol/kg, ip) and behavioral measurements were assessed 15-20 min 

following the injection. The scoring system was based on the gait and response to sound. 

Seizures were excluded from the scoring system due to the inconsistent incidence of this 
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phenotype in untreated spf ash control mice. Gait analysis was performed as described 

previously with a blind tunnel.27 The front and back paws of a mouse were dipped in red 

and blue food dyes, respectively. The foot prints of the mouse going through the tunnel were 

used for scoring. Hypersensitivity to sound was determined by ringing a 100-dB bell located 

~1.5 meter away from the mice 3 times for 5 seconds each time with at least a 20 seconds 

interval. The total score of a normal mouse would be 5.

Q-PCR

Q-PCR was performed on genomic DNA isolated from mice liver using QIAamp DNA Mini 

Kit (Qiagen, Valencia, CA, USA). Detection and quantification of vector genomes in 

extracted DNA were performed by real-time PCR as described previously.28

Statistical analysis

Statistical differences between different treatment groups were determined using ANOVA 

or Student’s t test.
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Figure 1. 
Illustration of self-complementary AAV-mOTC vectors used in this study. (a) Diagram of 

AAVsc.TBG.mOTC vector. (b) DNA sequences surrounding the ATG start codon of mOTC 

gene in different variants of AAV.mOTC vectors. The perfect Kozak sequence is indicated 

by a box in the mOTC1.2 vector. ITR, inverted terminal repeat; TBG, thyroxine-binding 

globulin promoter; SV40 pA, polyA signal derived from SV40.
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Figure 2. 
Fast kinetics of correction of orotic aciduria by AAV2/8sc.TBG.mOTC1.1 vector in spf ash 

mice. Adult male spf ash mice were injected intravenously with 3×1011 or 1×1011 GC of 

AAV2/8sc.TBG.mOTC1.1 vector, or 3×1011 GC of AAV2/8.TBG.null (no transgene). (a) 

Rapid decrease and sustained correction of urinary orotic acid levels in the treated spf ash 

mice (n=4-5 for each time point). Urinary orotic levels were significantly reduced starting at 

day 3 (3×1011 GC) or day 7 (1×1011 GC) after vector treatment (p<0.05, ANOVA). Shaded 

area indicates orotatic acid levels in normal mice. (b) Liver OTC activity following vector 

treatment (n=2-4 for each time point). OTC activity levels were presented as percentages of 

the mean level in WT mice (n=7).
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Figure 3. 
Improved OTC gene expression and activity by incorporation of an engineered Kozak or 

Kozak-like sequence in mOTC gene. Adult male spf ash mice were injected intravenously 

with 3 variants (1.1, 1.2, and 1.3) of AAV2/8sc.TBG.mOTC vectors at the dose of 3×1011, 

1×1011, or 3×1010 GC. Livers were harvested 2 weeks after injection for analysis. (a) 

Western analysis of liver lysates (1μg protein per lane) from control and vector-treated 

spf ash mice. (b) Liver OTC activity in spf ash mice injected with AAV2/8sc.TBG.mOTC 

vectors. Error bars represent mean ± s.d. (n=3-10). * OTC activity of mOTC1.2 was 

statistically higher than that of mOTC1.1 and 1.3 at the respective dose of 3×1011 and 
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1×1011 GC (p<0.05, ANOVA). (c) OTC histochemical enzyme activity in liver of control 

and vector-treated spf ash mice. Representative pictures from each group are shown.
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Figure 4. 
Comparison of promoter strength and contribution of post transcriptional regulatory element 

on OTC activity. Adult male spf ash mice were injected intravenously with single stranded 

(ss) AAV2/8.LSP1.mOTC.WPRE, AAV2/8.LSP1.mOTC, or AAV2/8.TBG.mOTC1.3 

vectors at the dose of 3×1011, 1×1011, or 3×1010 GC. Livers were harvested 2 weeks after 

injection for OTC activity analysis. Error bars represent mean ± s.d. (n=3-5). * OTC activity 

of LSP1-WPRE vector was statistically higher than that of LSP1 and TBG.mOTC1.3 

vectors at each of the tested doses (p<0.05, ANOVA). There were no statistical differences 

between LSP1 and TBG.mOTC1.3 groups at each of the tested doses.
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Figure 5. 
Comparison of vector genome copies in the liver of mice treated with sc or ss 

AAV2/8.TBG.mOTC1.3 vectors. Total liver DNA were isolated from spf ash mice two 

weeks after i.v. injection of AAV2/8sc.TBG.mOTC1.3 or AAV2/8ss.TBG.mOTC1.3 

vectors at doses of 3×1011, 1×1011, or 3×1010 GC. Vector genome copies were measured by 

real-time PCR. Error bars represent mean ± s.d. (n=3-5). p<0.05 (*) or p<0.001 (**) by non-

paired student t-test (two-tailed).
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Figure 6. 
Robust and sustained correction of OTC-deficiency in adult spf ash mice treated with 

scAAV2/8.TBG.mOTC1.3 vector. Adult male spf ash mice were injected intravenously with 

AAV2/8sc.TBG.mOTC1.3 vectors at the dose of 3×1011, 1×1011, or 3×1010 GC. (a) 

Normalization of urinary orotic acid levels following AAV gene therapy. (b) Liver OTC 

activity at 4, 12, and 32 weeks after vector treatment. (c) Vector genome copies in the liver 
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of treated mice at 4, 12 and 32 weeks. (d) Western blot analysis on liver lysates (1μg or 

0.1μg protein per lane) from control and vector-treated spf ash mice at 4 weeks. (e) Outcome 

of NH4Cl challenge performed at 4 weeks. (f) Immunostaining of OTC in the liver of 

control or treated spf ash mice. Representative pictures from each group are shown.
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