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at both time points (Figure 1a,b). In 
contrast to the bioluminescent signal in 
the head region, and in support of previ-
ous reports,13–15 the Fluc signal from the 
abdomen (most likely liver) was lower in 
female mice than in males (Supplemen-
tary Figure S1).

In another set of mice, we performed 
a kinetic analysis of luciferase expression 
in the head and liver in both male and 
female nude and C57BL/6N mice over 
a 4-week period. We observed a stable 
luminescence expression in the head of 
nude and C57BL/6N mice, whereas the 
abdomen values showed more variability 
over time in both strains (Supplementary 
Figure S2). Next we confirmed the BLI 
results by direct analysis of Fluc enzymat-
ic activity in the brain regions from dead 
animals, ex vivo. Consistent with BLI, 
the Fluc levels in the cortex, cerebellum, 
and olfactory bulbs of female mice were 
significantly higher (*P < 0.05) compared 
with the brain of male mice in both 
strains (Supplementary Figure S3).

We next sought to determine the trans-
duction profile of AAV9 expressing GFP 
under CBA promoter (AAV9-GFP) in the 
brains of male and female mice. C57BL/6N 
mice were injected intravenously with 
5 × 1013 g.c./kg of AAV9-GFP. A higher 
dose was utilized in this experiment to 
allow visualization of GFP, which is a less 
sensitive reporter than the Fluc enzyme. 
At 2 weeks after injection, these mice were 
killed, then perfused with phosphate-
buffered saline, and their brains and 
livers harvested. Immunostaining with an 
antibody specific for GFP revealed diffuse 
expression of almost exclusively neurons 
and astrocytes throughout the brain 
(Figure 1c and Supplementary Figure 
S4). A count of the GFP-positive neurons 
and astrocytes per square millimeter in the 
cortex revealed a 1.7-fold (P = 0.111) and 
2.7-fold (P = 0.032) increase, respectively, 
in the female vs. the male brains (Figure 
1d). Interestingly, the ratio of GFP-positive 
astrocytes to neurons was 2.1 and 1.333 for 
males and females, respectively, which may 
indicate a slight difference in AAV tropism 
in the brain between mice genders.

To investigate whether the increase 
in transduction of the female brain was 
linked to higher transport of the vector to 

this organ, quantitative polymerase chain 
reaction for AAV genome was performed 
on tissue homogenates from the cortex 
of mice. In both strains a significantly 
higher number of AAV genome copies 
(*P < 0.05) was detected in the brain tis-
sue of females compared with male mice 
(Supplementary Figure S5).

This study is the first to provide 
a comparative analysis of transgene 
expression in the brain of male and 
female mice upon systemic injection of 
a single-stranded AAV9 vector. Previous 
studies using this vector serotype used 
either male or female mice exclusively11,13 
or mixed littermates were used,10 with 
no direct comparison between different 
genders. Although the exact mechanism 
of increased transgene expression in the 
brain of female mice remains unknown, 
our findings are important for future 
AAV9 vector research, specifically when 
the systemic injection route is chosen. Of 
immediate application, our results suggest 
that equal distribution of mouse gender 
between groups or the use of one gender 
for a given study is crucial for accurate 
data interpretation. Additionally, this 
study warrants further investigation of 
AAV9-mediated brain transduction of 
genders of other species (e.g., rats, dogs, 
nonhuman primates) for possible transla-
tion of these findings to human gene 
therapy.
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Mouse Gender Influences 
Brain Transduction 
by Intravascularly 
Administered AAV9

To the editor:
Adeno-associated virus serotype 9 
(AAV9) has shown remarkable efficiency 
in transducing organs in vivo including 
the heart, liver, and brain.1–6 Recently, 
AAV9 has gained renewed interest due 
to its ability in crossing the blood–brain 
barrier upon intravenous injection.7–12 In 
adult mice, AAV9 was shown to pref-
erentially transduce endothelial cells, 
astrocytes, and neurons after intravenous 
injection.10 The implications of these 
findings are enormous: a noninvasive 
route of administration and widespread 
gene delivery to the brain. Complete 
characterization of the gene transfer 
properties of AAV9, including kinet-
ics of expression, immunogenicity, and 
biodistribution in different species, will 
be necessary for clinical translation. 
Here we show that intravenous injection 
of single-stranded AAV9 encoding the 
reporter genes firefly luciferase (Fluc) and 
green fluorescent protein (GFP) yielded 
higher transgene expression in the brain 
of females compared with male mice. This 
observation was consistent in two strains 
of mice (nude and C57BL/6) and was 
correlated with an increased number of 
AAV genomes in the female brains. These 
findings stress the importance of proper 
matching of mice gender in different 
experimental groups when using systemic 
injection of AAV9.

Age-matched (6–8 weeks) male 
and female athymic NU/NU nude mice 
and C57BL/6N mice were injected 
intravenously (through the tail vein) with 
1.5 × 1012 gene copies (g.c.)/kg of single-
stranded AAV9 vector encoding Fluc, 
driven by the ubiquitously active cytomeg-
alovirus/chicken beta-actin (CBA) hybrid 
promoter (AAV9-Fluc). The transduction 
efficiency of AAV9 in the brain and abdo-
men was monitored 7 and 14 days later 
using bioluminescence imaging (BLI). We 
observed a higher bioluminescent signal 
in the head region of females compared 
with males in both strains of mice and 
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SUPPLEMENTARY MATERIAL
Supplementary Methods
Figure S1. Bioluminescent signal in the 
abdomen region of male and female mice 
injected systemically with AAV9-Fluc.
Figure S2. Bioluminescence kinetic analysis 
in the head and abdomen region of mice 
injected with AAV9-Fluc vector.
Figure S3. Fluc activity in brain tissue 
homogenates in male and female mice 
injected intravenously with AAV9-Fluc.
Figure S4. AAV9 transduces primarily 
neurons and astrocytes in male and female 
mice upon systemic injection.
Figure S5. Quantitation of AAV9 genome 
copies in the brain of male and female mice 
after systemic vector injection.
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Figure 1  Systemic injection of AAV9 yields higher transduction of the brain of 
female compared to male mice. (a,b) Male and female nude and C57BL/6 mice were injected 
via the tail vein with 1.5 × 1012 g.c./kg of AAV9-Fluc vector. Mice were injected 7 and 14 days 
later with d-luciferin and imaged for Fluc-associated light emission. Representative mice from each 
group (n = 5 per group) at day 14 are shown in a. Total flux was calculated following data collec-
tion by selecting a region of interest (ROI) around the head (b). (c,d) C57BL/6 mice were injected 
via the tail vein with 5 × 1013 g.c./kg of AAV9-GFP and 2 weeks later killed for histological analysis 
for GFP expression (n = 3 per group). Representative images of GFP immunohistochemistry from 
male (top) and female (bottom) mouse brain cortex are shown in c. Quantification of GFP-positive 
astrocytes and neurons revealed higher numbers of both cell types in females (d). Experiments in 
a and b were repeated twice, and similar results were obtained. *P < 0.05.
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