Intracranial delivery of AAV9 gene therapy prevents central and retinal neuron loss,
preserving vision in CLN6-Batten disease mice
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Abstract

Batten disease is a family of rare, fatal, neuropediatric diseases presenting
with memory/learning decline, blindness, and loss of motor function. Recently,
we reported the use of an AAV9 mediated gene therapy that prevents disease
progression in a mouse model of CLN6-Batten disease (Cln6nclf), resulting in
full lifespans for treated animals. Despite the success of our viral mediated
gene therapy, the dosing strategy used was optimized for neuronal delivery to
the brain and may limit the therapeutic potential in other Batten disease
relevant tissues such as the eye. Here, we examine whether cerebrospinal
fluid (CSF) delivery of scAAV9.CB.CLN6 is sufficient to preserve visual deficits
in Cln6nclf mice. We show that CSF distribution of scAAV9.CB.CLN6, obtained
through a neonatal intracerebroventricular (ICV) route of administration,
completely prevents classic Batten disease pathology in the visual processing
centers of the brain, preserving neurons of the superior colliculus, thalamus,
and visual cortex. Importantly, ICV delivery of scAAV9.CB.CLN6 also leads to
expression of CLN6 throughout the retina and preserves photoreceptors
typically lost in Cln6nclf mice. Lastly, with multiple visual centers preserved, ICV
administration of scAAV9.CB.CLN6 preserves visual acuity in Cln6nclf mice as
measured by optokinetic tracking. Taken together, we provide the first instance
of ICV mediated gene delivery preserving visual function by targeting both
central and retina neurons in a model of Batten disease.
A single,
intracerebroventricular (ICV)
injection of scAAV9.CB.CLN6
(5x1010vg/animal) in
postnatal day 1 pups

A single, postnatal day 1 injection of scAAV9.CB.CLN6 delivered via CSF prevents CD68+
microglial activation (red) in the (A) dorsal lateral geniculate (DLG), (B) primary visual cortex
(V1), and (C) superior colliculus (SC) until 9 months of age. n=6/treatment for each time
point, represented by equal numbers of males and females. Mean ± SEM, one-way ANOVA
for each time point, Bonferroni correction. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

ICV delivery of AAV9 prevents Batten disease
pathology in visual centers of the brain

Endogenous mouse Cln6 expression in a wild type animal (A) showed primary localization to
the inner and outer nuclear layers, showing a different expression pattern to the human
CLN6 expression of scAAV9.CB.CLN6. Retinal sections immunolabeled with anti-human
CLN6 (red) and rhodopsin (photoreceptors, green) antibodies detected hCLN6 in AAV9
treated Cln6nclf mice at 3 (B), 6 (C), and 9 months of age (D), primarily in the RGC, and also
in the INL, ONL, RPE, and choroid. Retinal sections double stained with anti-human CLN6
(red) and anti-glutamine synthetase (Mϋller glia, green), showed no colocalization (E),
indicating scAAV9.CB.CLN6 preferentially targeted nuclear and epithelial layers using this
dosing strategy. n=6/treatment for each time point, represented by equal numbers of males
and females.

ICV-delivered AAV9 significantly preserves
nclf
spatial vision in Cln6 mice
A single, postnatal day 1 injection of scAAV9.CB.CLN6 delivered via CSF prevents
progressive neuronal loss in the (A) dorsal lateral geniculate (DLG), (B) superior colliculus
(SC), and (C) primary visual cortex (V1) until 9 months of age. n=6/treatment for each time
point, represented by equal numbers of males and females. Mean ± SEM, one-way ANOVA
for each time point, Bonferroni correction. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

ICV-delivered AAV9 travels to the eye,
preserving photoreceptors in Cln6nclf mice
Schematic of OptoMotry optokinetic tracking equipment (center). The test mouse sits on a
platform surrounded by four monitors that display a rotating virtual gradient, and the
experimenter monitors the animal’s visual tracking using an overhead camera. A single,
postnatal day 1 injection of scAAV9.CB.CLN6 delivered via CSF of partially restores visual
acuity in male (B) and female (C) Cln6nclf mice. When linear fits are compared, untreated
female Cln6nclf mice have a significantly steeper decline than both wild type and AAV9
treated Cln6nclf mice (C). Slopes between wild type and AAV9 treated Cln6nclf mice did not
significantly differ, and did not differ between male mice (B-C). Ordinary two-way ANOVA,
Tukey correction. For linear fit, slopes were compared using an ordinary one-way ANOVA,
Tukey post hoc. Males: n=11-17 at 3M, n=6-14 at 6M, n=3-11 at 9M. Females: n=11-16 at
3M, n=5-12 at 6M, n=3-6 at 9M. Mean ± SEM. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
Image in center obtained from CerebralMechanics promotional and published materials
(cerebralmechanics.com).

A single, postnatal day 1 injection of scAAV9.CB.CLN6 delivered via CSF prevents storage
material accumulation (ASM, green) in the (A) dorsal lateral geniculate (DLG), (B) primary
visual cortex (V1), and (C) superior colliculus (SC) until 9 months of age. n=6/treatment for
each time point, represented by equal numbers of males and females. Mean ± SEM, oneway ANOVA for each time point, Bonferroni correction. **p<0.01, ***p<0.001, ****p<0.0001.

Summary
• A single, intracerebroventricular injection of scAAV9.CB.CLN6 into
neonatal Cln6nclf mice preserves visual centers of the brain and
most photoreceptors in the retina
9 Months

A single, postnatal day 1 injection of scAAV9.CB.CLN6 delivered via CSF prevents GFAP+
astrocyte reactivity (green) in the (A) dorsal lateral geniculate (DLG), (B) primary visual
cortex (V1), and (C) superior colliculus (SC) until 9 months of age. n=6/treatment for each
time point, represented by equal numbers of males and females. Mean ± SEM, one-way
ANOVA for each time point, Bonferroni correction. *p<0.05, **p<0.01, ***p<0.001,
****p<0.0001.*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

Retinal sections through the optic nerve head stained with cresyl violet show retinal
lamination and photoreceptors. A single, postnatal day 1 injection of scAAV9.CB.CLN6
delivered via CSF largely prevents progressive photoreceptor loss in (A) 3 month, (B) 6
month, and (C) 9 month Cln6nclf mice (ONL, arrows). Wild type animals show 10 to 12 rows
of photoreceptor nuclei, while untreated Cln6nclf mice retain only one layer of photoreceptors
by 9 months of age. In contrast, AAV9 treated Cln6nclf mice maintain 7 to 8 rows of
photoreceptors at all time point examined. Quantification of photoreceptor density presented
in (D). Lastly, retinal montage images (E) through the optic nerve head show severe
photoreceptor loss across the whole retina in untreated Cln6nclf mice at 9 months of age
(arrows), while AAV9 treatment substantially preserves photoreceptors across the central
retina at the same age (black arrows). Peripheral photoreceptors in treated Cln6nclf mice are
not preserved at 9 months of age (white arrow). Abbreviations: RGC: Retinal ganglion cells;
INL: Inner nuclear layer; ONL: Outer nuclear layer; RPE: Retinal pigment epithelium.
n=6/treatment for each time point, represented by equal numbers of males and females.
Mean ± SEM, one-way ANOVA for each time point, Bonferroni correction. ****p<0.0001.

• hCLN6 protein expression was visualized in the retinal ganglion
layer, inner and outer nuclear layers, retinal pigmented epithelium
and choroid, with predominantly neuronal expression
• AAV9 gene therapy significantly prevented visual deficits in Cln6nclf
mice, as measured up to 9 months of age
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