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Abstract
Purpose: This study was designed to investigate whether the volume of vector used for subretinal injection can 

be reduced to transfect C57bl/6J mouse whole retina and whether it can restore cone function in a Cngb3 knockout 
(KO) mouse model.

Methods: C57bl/6J mice and Cngb3 KO mice received a subretinal injection of 0.5 µL or 1 µL of AAV5-smCBA-
mCherry vector and AAV5-IRBP/GNAT2-hCngb3 vector, respectively. Retinal whole mounts and frozen sections were 
prepared from the wild-type mouse eyes to evaluate the transfected area. Dark and light-adapted electroretinograms 
(ERGs) were recorded two months after vector injection in the eyes of Cngb3 KO mice.

Result: In the retina of AAV5-smCBA-mCherry injected wild-type mice, no difference was observed between the 
injection volumes. mCherry positive retinal pigment epithelial (RPE) and photoreceptor cells were observed throughout 
the entire retina. In AAV5-IRBP/GNAT2-hCngb3-injected Cngb3 KO mice, 1-µL-injected mice showed a higher average 
of photopic ERG restoration than 0.5-µL-injected mice. However, the scotopic ERGs were lower in 1-µL-injected mice, 
indicating that higher injection volumes resulted in more damages.

Conclusion: Reduced volume (0.5 µL) of vector induced fewer damages. However, higher doses of vector (1 µL) 
restore higher ERG function in Cngb3 KO mouse.
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Introduction
Inherited retinal diseases affect more than 200,000 Americans and 

millions of individual worldwide [1,2]. Most of them lost their sight 
gradually during their life. Over the past few decades, more than 200 
genes have been identified as the causes of inherited retinal diseases [3,4]. 
With this knowledge, progress of gene-replacement therapies for several 
inherited retinal diseases has been made through pre-clinical and clinical 
studies in recent years [5-10].

Trans-cornea subretinal injection is the most common drug delivery 
method of gene therapy vectors in mouse models of inherited retinal 
diseases. The entire retina can be transfected with one shot to exclude 
the possibility that the untreated degenerating retina releases some toxic 
materials and influences the treated area in the long term. This technique 
ensures vector direct contact with retinal pigment epithelial (RPE) and 
photoreceptor cells. Clinical trials proved that the retinal area responding 
to therapy is limited to the bleb area detached by the injection [9]. On 
the other hand, subretinal injection-induced retinal detachment harms 
the photoreceptors, although the blebs formed by subretinal injection 
usually regress within 24 hrs [11]. Jacobson et al., reported that subretinal 
injection under the fovea resulted in decreased visual acuity and fovea 
thinning in both Leber congenital amaurosis (LCA) 2 patients and non-
human primates [12-14]. Thus, balancing the rescue effect, while reducing 
damages caused by subretinal injection, is essential. In this study, we first 
evaluated whether using a reduced volume of vector allows the transfection 
of the entire retina in wild type mice and then evaluated if reducing the 
injection volume can minimize the injection-related damage, while 
retaining its rescue effect in the Cngb3 knockout (KO) mouse model, the 
most common model of achromatopsia (ACHM).

Methods
Animals

C57 BL/6J mice and Cngb3 knockout (KO) mice were purchased 

from Jackson Laboratory (Bar Harbor, ME, USA). All mice were 
maintained in the University of Florida Health Science Center Animal 
Care Services Facilities under a 12 hr light/dark cycle condition. Cage 
illumination was approximately 7 foot-candles during the light cycle. 
All the experiments were approved by the local institutional animal 
care and use committee and conducted in accordance with the ARVO 
statement for the use of animals in ophthalmic and vision research.

AAV5 vectors and subretinal injection
The recombinant adeno-associated virus construct with AAV2 

inverted terminal repeats and pseudo-typed AAV5 capsid was based on 
the pTR-UF2 vector [15]. Serotype 5 rAAV vectors carrying a human 
Cngb3 cDNA (AAV5-IRBP/GNAT2-hCngb3) and mCherry (AAV5-
smCBA-mcherry) were prepared as described previously [16]. AAV5-
smCBA-mcherry and AAV5-IRBP/GNAT2-hCngb3 viral preparations 
were adjusted to physical particle titers of 10e10 vg/μL.

For subretinal injection, 10 P14 C57bl/6J mice were given 1% 
atropine eye drops 1 hr before anesthesia using ketamine (72 mg/
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kg)/xylazine (4 mg/kg) intraperitoneal injection, followed by topical 
administration of 2.5% phenylephrine hydrochloride eye drops. An 
aperture within the pupil area was made through the superior cornea 
with a 30 G-gauge disposal needle. A 33-gauge unbeveled blunt needle 
mounted on a 5 µL Hamilton syringe (Hamilton Co., Reno, NV, USA) 
was then introduced through the corneal opening, avoiding the lens 
and penetrating to reach the subretinal space. AAV5-smCBA-mcherry 
vector (0.5 µL and 1 µL) was slowly injected into the subretinal space 
of both eyes (0.5 µL into the right eye and 1 µL into the left eye). Two 
weeks later, 8 mice were euthanized for whole mount preparation and 
two mice were euthanized for frozen section preparation. The injected 
retinal area was visualized by fluorescein-positive subretinal blebs [17]. 
Cngb3 KO mice at P14 were subretinally injected with AAV5-IRBP/
GNAT2-hCngb3 in both eyes, 0.5 µL into the right eye and 1 µL into the 
left eye, as described above.

Electroretinogram (ERG) analysis
After at least 6 h of adaptation to the dark, mice were anesthetized 

with an intraperitoneal injection of normal saline solution containing 
ketamine (75 mg/kg) /xylazine (4 mg/kg body weight). ERGs were 
recorded after pupil dilation (1% atropine sulfate) using a gold loop 
electrode referenced to a gold wire in the mouth. A needle electrode 
placed in the tail served as ground. A drop of methylcellulose (2.5%) 
was placed on the corneal surface to ensure electrical contact and to 
maintain corneal integrity. Body temperature was maintained at a 
constant temperature of 38°C using a heated water pad. All stimuli were 
presented in a Ganzfeld dome (LKC Technologies, Gaithersburg, MD, 
USA with the interior surface painted with a highly reflective white 
matte paint (No. 6080; Eastman Kodak, Rochester, NY, USA). Stimuli 
were generated with a Grass photic stimulator (model PS33 plus; Grass 
instruments, Worcester, MA, USA) affixed to the outside of the dome at 
90° of the viewing porthole.

Dark-adapted-ERGs were assessed at a stimulus intensity of 0.4 log 
cd-s/m2 and inter-stimulus intervals of 30 seconds, with 10 recordings 
averaged. Then mice were light adapted for 10 minutes at an intensity 
of 30 cd-s/m2 before photopic ERG measurements were recorded at 
stimulus intensity of 1.4 log cd-s/m2 in the presence of continuous 
30 Ganzfeld cd-s/m2 background light with inter-stimulus intervals 
of 0.4 seconds. Fifty recordings were averaged for each light-adapted 
ERGs measurement. B-wave amplitudes were defined as the difference 
between the trough and peak of each waveform. Scotopic and photopic 
b-wave amplitudes were averaged presented as mean ± SD.

Statistical analysis

Statistical analysis was performed with unpaired t-test and 
significance defined as a P value of less than 0.05.

Results
Wild type mice injected with the AAV5-smCBA-mCherry vector 

in the eyes were euthanized 2 weeks post-injection. Retinal whole 
mount and frozen sectioning were performed to characterize mCherry 
expression. The 8 whole mounts of the wild-type mouse eyes injected 
with 0.5 µL of vector (Figure 1A) and the 8 whole mounts of the eyes 
injected with 1 μL of vector (Figure 1B) showed wide spread mCherry 
expression across the entire retina. The average diameters of retinal 
whole mounts in the two groups were similar for the right and left eyes, 
4670 ± 121 μm and 4676 ± 145 μm, respectively. Consistent with whole 
mount, frozen sections from 2 wild-type mice (Figure 1C and 1D) also 
showed mCherry positive staining from the optic nerve to the margin 
of the retina with both injection volumes. Frozen sections showed that 
the eyes injected with 0.5 µL of vector presented a same florescence with 
the eyes injected with 1 μL of vector.

Light-adapted cone-derived ERG responses were recorded in both 
eyes from 8 of the 10 Cngb3 KO mice 2 months after AAV5-IRBP/
GNAT2-hCngb3 treatment (Figure 2). The photopic b-wave amplitudes 
average was 77.5 ± 13.887 µV for the 0.5 µL injected right eyes and 
that of the 1-µL-injected left eyes was 98.125 ± 21.537 µV. The ERG 
response from the eyes of untreated mice was 1.25 ± 2.5 µV. The 0.5-
μL and 1-μL-vector injected eyes showed statistically higher responses 
than those from the eyes of untreated control mice (P < 0.0001). We 
also found statistical difference between the 0.5-μL- and 1-μL-vector-
treated eyes (P = 0.035).

In both experimental conditions, the eyes showed normal rod-
derived ERG waveforms after 2 months of treatment (Figure 3). The 
average scotopic b-wave amplitude of the 0.5 µL injected right eyes was 

Figure 1: Red mCherry expression in retinal whole mounts and frozen section 
two weeks after sub retinal injection of the AAV5-smCBA-mCherry vector in P14 
C57 BL/6J mice Red fluorescence in retinal whole mounts (A and B) and frozen 
sections (C and D) at low magnification. (A and C): 0.5-µL-vector injection; (B 
and D): 1.0-µL-vector injection. Exposure and gain settings were the same 
across all images.

Figure 2: Light-adapted cone-derived ERG amplitudes from Cngb3 KO mouse 
eyes 2 months after subretinal injection of 0.5 µL and 1 µL of AAV5-IRBP/GNAT2-
hCngb3 vector Comparison of average values for photopic contrast sensitivities; 
NS: no statistical difference, *: P < 0.05, **: P < 0.0001.

Figure 3: Dark-adapted rod-derived ERG b-wave amplitudes from the eyes of 
Cngb3 KO mice 2 months after subretinal injection of 0.5 µL and 1µL of AAV5-
IRBP/GNAT2-hCngb3 vector. Although there was a reduction of the average 
value for scotopic ERG b-wave amplitude, there was no statistically significant 
difference between these three groups. NS: no statistical difference.



Citation: Liu X, Zhang Y, Du W, Shi W, Tao Y, et al. (2016) Evaluation of AAV-Mediated Gene Therapy with Reduced Vector Volume in Cngb3 Knockout 
Mice, a Model of Achromatopsia. Hereditary Genet 5: 163. doi:10.4172/2161-1041.1000163

Page 3 of 4

Volume 5 • Issue 1 • 1000163
Hereditary Genet
ISSN:2161-1041 Genetics an open access journal 

220 ± 109.545 μV and that of the 1-µL-injected left eyes was 190 ± 88.694 
μV (P = 0.685). The average b-wave amplitude measure in the eyes of 
untreated mice was 295 ± 90 μV. Although there was a reduction of the 
scotopic ERG b-wave amplitude, there was no statistically significant 
difference between these three groups (P > 0.05).

Discussion
The subretinal space is an excellent target for gene therapy [6,8-

13] and drug delivery [18,19] for retinal diseases. In fact, subretinally 
injected vectors get directly in contact with photoreceptors and 
RPE cells. However, the large area of retinal detachment induced by 
subretinal injection can cause cone death in the fovea area. In a 3-year 
study [12], 3 of 4 patients, experiencing detached fovea during surgery, 
lost fovea thickness, presumably due to fovea cone loss, as assessed by 
follow-up optical coherence tomography (OCT) analysis.

Our previous study using a LCA2 mouse model clearly 
demonstrated a dose-response relationship between the dose of vector 
and a better rescue [17]. Thus, in order to get the best results from 
gene therapy in knockout mouse models, vectors should be injected 
into the subretinal space. From our experience in mouse subretinal 
injection, a vector volume of 1 μL is optimal to achieve the entire retinal 
detachment [11,20-29]. When 1.0 μL of vector is successfully injected 
into the mouse subretinal space, usually three blebs form underneath 
the retina, which indicates a good injection. The blebs induced by the 
injection normally regress within 24 hrs. In this study, when 0.5 μL of 
vector was administered, only one or two blebs formed and only parts 
of the retina detached at the time of injection. However, fundus images 
of retinal whole mounts indicated that red fluorescence was distributed 
throughout the whole retina 2-month following the injection of both 0.5 
μL and 1 μL of vector, perhaps due to a diffusion effect after injection. 
There was no difference in the diameter of the vector expression areas 
between the two groups two weeks after injection. Therefore, 0.5 μL of 
AAV5-smCBA-mCherry vector could also successfully induce the full 
detachment of the retina in mice.

Sustained long-term gene therapy rescue has been demonstrated 
in the Cngb3 KO mouse model [30,31]. Light-adapted cone-derived 
ERG was rescued for at least 6 months by subretinal injection of 1 
µL of a human Cngb3 cDNA driven by a cone-targeting promoter 
IRBP/GNAT2 packaged into the AAV serotype 5 (AAV5-IRBP/
GNAT2-hCngb3, 10e10vg/μL) vector at P14 [31]. In this study, when 
compared to the 0.5 µL injection, the 1.0-μL injection increased ERG 
reduction, although there was no statistical significance. However, the 
1 μL injection induced a more robust cone-driven ERG response than 
the 0.5 µL injection, indicating that the restoration of cone function 
is strongly correlated with the AAV dose/particles in the conditions 
used in this study. Therefore, reducing vector volume may only work in 
Cngb3 KO mice when the vector titer is very high. Our finding showing 
that the 0.5 μL injection can successfully induce the detachment of the 
entire retina would be helpful in treatments where toxicity is an issue. 
Toxicities caused by gene overexpression have been reported in various 
scenarios [32]. Thus, a vector volume of 0.5 μL vector in combination 
with the proper vector titer may provide a safe and effective treatment 
strategy in gene therapies when toxicity is a concern.

Conclusion
Our data showed that reduced volume (0.5 µL) of vector induced 

fewer damages. However, higher doses of vector (1 µL) restore higher 
ERG function in Cngb3 KO mouse.
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