
The eye is a site of immune-priviledge 

Most cells in the post-natal eye are 
terminally differentiated and prone to 
degenerative processes 

Its compartmentalized anatomy (blood-
retina barrier) enables local vector 
delivery in small volume with low 
likelihood of systemic dissemination  

The eye is readily accessible for in vivo 
assessment by optical imaging and 
electrophysiological techniques  

Many animal models available

Peculiarities of the eye as a target for 
gene therapy

Three injection routes for gene therapy

Into the anterior chamber - 
for corneal disease

Intravitreal - anti-apoptotic 
or neurotrophic genes to 
protect RGC death  in 
glaucoma

Sub-retinal (between photoreceptors and RPE) - for inherited retinal 
disorders, retinoblastoma and retinal neovascularization

AAV efficiently transduces both RPE 
and photoreceptors

AAV2 intravitreal

AAV2 subretinal

AAV8 subretinal

Top 10 recent eye-research advances

1. Leber congenital amaurosis (Spark Therapeutics)  
2. Retinoschisis (Applied Genetic Technologies Corporation) 
3. Blindness (RetroSense Therapeutics) 
4. Usher syndrome (ReNeuron) 
5. Retinitis pigmentosa (jCyte) 
6. Choroideremia (Spark Therapeutics) 
7. Age-related macular degeneration (StemCells Inc) 
8. Stargardt disease (VM200, Vision Medicines) 
9. Wet AMD (Retinostat, Oxford BioMedica) 
10. X-linked Retinitis Pigmentosa (Applied Genetic 

Technologies Corporation)

LCA is a form of Retinitis Pigmentosa
● RP affects 50,000–100,000 people in the United States 

and about 1.5 million people worldwide 

● Impaired adaptation, night blindness, and loss of mid-
peripheral visual field in adolescence. Progressive loss of 
far-peripheral visual field and eventually central vision. The 
majority of patients are legally blind by age 60. 

● Inherited by an autosomal dominant, autosomal recessive, 
X-linked, or digenic mode. 

● Genetic heterogeneity 

● Mutations identified in 120+ genes.

Disease Category Mapped Genes (not Cloned) Mapped and Cloned Genes  
Retinitis pigmentosa, autosomal dominant  RP9, RP17  CRX, FSCN2, HPRP3, IMPDH1, NRL,   
PRPC8, PRPF31, RDS, RHO, ROM1,   RP1  
Retinitis pigmentosa, autosomal recessive  RP22, RP25, RP26, RP28, RP29  ABCA4, CNGA1, CNGB1, CRB1, LRAT,   
MERTK, NR2E3, PDE6A, PDE6B,   RGR, RHO, RLBP1, RPE65, SAG,   
TULP1, USH2A  
Retinitis pigmentosa, X-linked  RP6, RP23, RP24  RP2, RPGR 

Pathophysiology of Retinitis 
Pigmentosa

+/+ +/- -/-

1M

2M

8M

RP is a rod-cone dystrophy in which the genetic 
defects cause cell death (apoptosis), predominantly in 
the rod photoreceptors; less commonly, the genetic 
defects affect the RPE and cone photoreceptors. 

 RP has significant phenotypic variation, as there are 
many different genes that lead to a diagnosis of RP, 
and patients with the same genetic mutation can 
present with very different retinal findings.

The outer segments progressively shorten, followed by 
loss of the rod photoreceptors that leads to vision loss. 
As rods are most densely found in the midperipheral 
retina, cell loss in this area tends to lead to peripheral 
vision loss and night vision loss.
Cone photoreceptor death occurs in a similar manner 
to rod apoptosis with shortening of the outer segments 
followed by cell loss. This can occur early or late in the 
various forms of RP.



�7

● RPE65 is an evolutionary conserved
65 kDa membrane-associated
protein involved in retinoid
metabolism

● Rpe65 deficiency in mice results in
accumulation of all-trans retinyl
esters, loss of rhodopsin, and slow
retinal degeneration

● RPE65-/- dogs bear a homozygous
4-bp deletion resulting in a frameshit
and a premature stop codon
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Ambulatory Vision in Dim Light in RPE65-/- Dogs Without (a-d) or After (e-h) Treatment with AAV-RPE65. Dog BR46 (panels a-
d) is untreated and has a "staring look" in bright light (a). When this dog attempts to navigate an obstacle course in dim red light,
it bumps into obstacles in its path (b), to the left (c) and to the right (d). Dog BR33 (panels e-h), treated with AAV-RPE65 in its
right eye, searches in dim red light for objects on the right side (f), not the left . This animal bumps into obstacles on the left
(untreated) side (g) but not on the right (h). *, collisions with obstacles; arrows in (h) delineate an obstacle that was avoided.

No systemic toxicity, only modest local inflammation
No photoreceptor abnormalities after AAV delivery

3 patients in each study
The procedure appear safe and might be beneficial - longer follow-up needed

see Movie

PAMELA is a unique mobility research facility (in a specially designed, converted 
warehouse building) that incorporates a sophisticated set of monitoring and data 
collection systems including starlight video cameras, Laser scanners which can 
locate objects in the laboratory within 1-2cm, eye tracking systems and heart rate 
monitors. To ensure consistent light levels the illumination of the platform was 
measured before and after testing, and found to vary by less than 5% overall and 
less than 3% in the critical area of the mobility maze. Dark adaptation time was held 
constant across sessions and the maze was randomly configured for each test. 
Three of the 8 random configurations are illustrated in Supplementary Figure 1. The 
experimenter, though not masked to the treatment eye, stood behind the subject and 
did not speak to him except to read instruction from a printed script. Visual mobility 
was tested with a 10.8m x 7.2m raised platform with concrete paving assessed 
stones that were configured to simulate an outdoor pavement. Subjects negotiated a 
13m long maze with 8 moveable barriers (1.8m x 1.2m) painted in colours matching 
light or dark blue denim, and the entire platform area was illuminated from overhead 
to calibrated light levels ranging from 240 lux (moderate office lighting) to 4 lux (UK 
night time pedestrian lighting standard). The subject was positioned at one end of the 
maze and instructed to walk through at a normal comfortable pace without touching 
the barriers. The experimenter followed along just behind to ensure the subject’s 
safety. Total travel was recorded with a stopwatch along with mobility errors 
(touching a barrier, loss of orientation). The barriers were randomly re-positioned 
before each run and the subject was given 15 minutes to adapt to changes in 
illumination levels.

Vitrectomia e iniezione sotto-retinica di 
AAV-Rpe65



Spark Therapeutics announced that Luxturna will be available in the first quarter of 2018 from 
retinal surgeons trained by the company. Spark Therapeutics said it will announce pricing in 
early January. Industry estimates of the price range from $500,000 to $1.5 million.

Top 10 recent eye-research advances 
toward the market

1. Leber congenital amaurosis (Spark Therapeutics)  
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6. Retinitis pigmentosa (jCyte) 
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8. Stargardt disease (VM200, Vision Medicines) 
9. Wet AMD (Retinostat, Oxford BioMedica) 
10. X-linked Retinitis Pigmentosa (Applied Genetic 

Technologies Corporation)

Juvenile Retinoschisis
Juvenile retinoschisis, also known as X-linked retinoschisis, 
occurs almost exclusively in males. Although the condition 
begins at birth, symptoms do not typically become apparent until 
after the age of 10. About half of all patients diagnosed with 
juvenile retinoschisis first notice a decline in vision. Other early 
symptoms of the disease include an inability of both eyes to 
focus on an object (strabismus) and roving, involuntary eye 
movements (nystagmus).

Vision loss associated with juvenile retinoschisis is caused by the splitting of the retina 
into two layers. This retinal splitting most notably affects the macula, the central 
portion of the retina responsible for fine visual detail and color perception. The spaces 
created by the separated layers are often filled with blisters and ruptured blood 
vessels that can leak blood into the vitreous body.

- 27 participants, phase I/II study
- AAV2-hRS1 intravitreal injection
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Gene therapy arrives at the macula
Choroideremia

Choroideremia is a rare inherited cause of blindness 
that affects around 1 in 50,000 people,  which is 
caused by a lack of RAB Escort Protein-1 (REP-1) 
There is currently no cure. It is caused by defects in 
the CHM gene on the X chromosome. Without the 
protein produced by the CHM gene, pigment cells in 
the retina of the eye slowly stop working, then die off. 
As the disease progresses, the surviving retina 
gradually shrinks in size, reducing vision.

healthy retina retina damaged by Choroideremia

Gene therapy arrives at the macula
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Retinal gene therapy in patients with choroideremia: initial 
fi ndings from a phase 1/2 clinical trial
Robert E MacLaren, Markus Groppe, Alun R Barnard, Charles L Cottriall, Tanya Tolmachova, Len Seymour, K Reed Clark, Matthew J During, 
Frans P M Cremers, Graeme C M Black, Andrew J Lotery, Susan M Downes, Andrew R Webster, Miguel C Seabra

Summary
Background Choroideremia is an X-linked recessive disease that leads to blindness due to mutations in the CHM 
gene, which encodes the Rab escort protein 1 (REP1). We assessed the eff ects of retinal gene therapy with an adeno-
associated viral (AAV) vector encoding REP1 (AAV.REP1) in patients with this disease.

Methods In a multicentre clinical trial, six male patients (aged 35–63 years) with choroideremia were administered 
AAV.REP1 (0·6–1·0 × 10¹⁰ genome particles, subfoveal injection). Visual function tests included best corrected visual 
acuity, microperimetry, and retinal sensitivity tests for comparison of baseline values with 6 months after surgery. 
This study is registered with ClinicalTrials.gov, number NCT01461213.

Findings Despite undergoing retinal detachment, which normally reduces vision, two patients with advanced 
choroideremia who had low baseline best corrected visual acuity gained 21 letters and 11 letters (more than two and 
four lines of vision). Four other patients with near normal best corrected visual acuity at baseline recovered to within 
one to three letters. Mean gain in visual acuity overall was 3·8 letters (SE 4·1). Maximal sensitivity measured with 
dark-adapted microperimetry increased in the treated eyes from 23·0 dB (SE 1·1) at baseline to 25·3 dB (1·3) after 
treatment (increase 2·3 dB [95% CI 0·8–3·8]). In all patients, over the 6 months, the increase in retinal sensitivity in 
the treated eyes (mean 1·7 [SE 1·0]) was correlated with the vector dose administered per mm² of surviving retina 
(r=0·82, p=0·04). By contrast, small non-signifi cant reductions (p>0·05) were noted in the control eyes in both 
maximal sensitivity (–0·8 dB [1·5]) and mean sensitivity (–1·6 dB [0·9]). One patient in whom the vector was not 
administered to the fovea re-established variable eccentric fi xation that included the ectopic island of surviving retinal 
pigment epithelium that had been exposed to vector.

Interpretation The initial results of this retinal gene therapy trial are consistent with improved rod and cone function 
that overcome any negative eff ects of retinal detachment. These fi ndings lend support to further assessment of gene 
therapy in the treatment of choroideremia and other diseases, such as age-related macular degeneration, for which 
intervention should ideally be applied before the onset of retinal thinning.

Funding UK Department of Health and Wellcome Trust.

Introduction
Choroideremia (OMIM 303100) is currently an incurable 
X-linked recessive degenerative disease of the retina and 
choroid that might fi rst have been described by 
Mauthner in 1872.1 It has a prevalence of about 1:50 000, 
with northern Finland having the highest reported 
prevalence.2 Loss of night vision begins in the fi rst 
decade of life and progresses with a gradual loss of 
peripheral vision and legal blindness by the fi fth decade. 
Choroideremia is caused by mutations in the CHM 
gene, which was one of the fi rst genes identifi ed by use 
of positional cloning.3,4 Subsequently, prenylation 
defi ciency due to absence of Rab escort protein-1 (REP1) 
encoded by CHM was identifi ed as the cause of retinal 
degeneration in choroideremia.5 Nearly all reported 
cases of choroideremia so far have been attributed to 
functionally null mutations that, combined with the 
slow rate of degeneration and small size of the CHM 
protein coding sequence (1·9 kb), make gene therapy 
with adeno-associated viral (AAV) vectors an appealing 
treatment strategy.

In patients with choroideremia, generally good visual 
acuity is maintained until the degeneration encroaches 
on the fovea; however, underlying changes in the retina 
can be identifi ed in childhood and are associated with 
clinically signifi cant reductions in parafoveal retinal 
sensitivity as measured with psychophysical testing.6 
Therefore, before the onset of loss in visual acuity, retinal 
sensitivity might be a useful indicator of the functional 
eff ects of gene therapy in patients with choroideremia. 
Furthermore, in a phase 1 clinical trial to assess the eff ects 
of an intravitreal ciliary neurotrophic factor implant, one 
of the ten patients enrolled had choroideremia and this 
patient was noted to have an improvement of 13 letters 
(over two lines) in visual acuity 24 weeks after the 
implantation.7 Hence, the few data available so far suggest 
that loss of visual acuity might have a reversible 
component in the later stages of the disease. Although 
improvements in visual function provide a useful early 
marker of successful gene transfer, ultimately any genetic 
treatment should be aimed at halting or at least 
signifi cantly slowing the rate of degeneration.
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Figure 2: Microperimetry at 
baseline and 6-month 

follow-up in both eyes of 
patients with choroideremia 

given gene therapy
Snellen equivalents and 

microperimetry 
measurements are shown for 

both eyes. The left column 
shows measurements at 

baseline in patients 1–6 (A, C, 
E, G, I, and K, respectively) and 

the right column shows the 
results 6 months after surgery 

(B, D, F, H, J, and L, 
respectively).The eyes injected 
with vector are indicated by a 

green icosahedron. The 
stimulus points from the 

baseline measurements are 
stored in the software and 

mapped onto identical regions 
of retina during follow-up 

testing. Black dots indicate 
points not seen at 0 dB. The 

movement of the left fundus 
image in patient 1 (A, B) 
represents a real shift in 

fi xation (fi gure 3). The white 
arrow in panel L is adjacent to 

the site of the subretinal 
injection. Although there was 

thinning in this area, it 
become the most sensitive 

point in this retina at 26 dB 
(fovea 21 dB).
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the target area in the surviving retina that was exposed to 
vector was greater than 1 log unit, from 0·76 mm² to 
8·67 mm² (fi gure 1; table).

The six patients had a mean gain in visual acuity in 
their treated eyes of 3·8 letters (SE 4·1), but this value 

masked two distinct emerging patterns in the group 
(table). Patients 1 and 4, in whom visual acuity 
was reduced at baseline, gained 21 letters and 11 letters, 
respectively, whereas the other four patients with baseline 
visual acuity better than 6/9 had a marginal loss of 
one to three letters by 6 months (table). Both 
patients 1 and 4 reported subjective improvements in 
vision in their treated eyes (appendix p 13) that were 
consistent with the gains in their visual acuity. Since the 
measured gains in visual acuity in these two patients 
were substantial (table), additional verifi cation was 
obtained with the patients’ permission from their regular 
optometrists. These additional independent records, 
with data from at least the past 4 years, were used to 
confi rm the baseline measurements and subsequent 
gains in visual acuity after gene therapy in patients 1 and 4 
(appendix p 13).

The point of maximal sensitivity represents the 
minimal detectable light stimulus and is therefore more 
relevant than visual acuity to rod photoreceptor function 
in patients who have been adapted to mesopic light 
levels. It increased by a mean of 2·3 dB (95% CI 0·8–3·8) 
in the treated eyes from 23·0 dB (SE 1·1) at baseline 
to 25·3 dB (1·3) 6 months after surgery, reaching 28 dB 
(which is within the normal population range) in two of 
the treated eyes. Mean retinal sensitivity 
increased by 2·5 dB (1·1) in the fi ve eyes administered 
the full dose of vector, but fell by 2·3 dB in the eye 
administered the reduced dose, which also had the 
largest target area (fi gure 2; table). A similar non-
signifi cant increase was seen for the changes in visual 
fi eld sizes in these eyes (appendix p 12).

As a subjective visual assessment, microperimetry is 
subject to concentration and learning eff ects and possibly 
seasonal eff ects when tests are done 6 months apart.17 
Hence, microperimetry measurements for the treated 
eyes were compared with those for the untreated eyes, 
which also provided a control for the natural course of 
the degeneration (table; appendix p 12). At 6-month 
follow-up, mean reduction in retinal sensitivity was 
noted in the unoperated control eyes with respect to the 
dimmest stimulus seen (–0·8 dB [SE 1·5]), mean retinal 
sensitivity (–1·6 dB [0·9]), and total number of test points 
seen (–1·3 [1·4]). Conversely, 6 months after gene therapy, 
a mean increase was noted in retinal sensitivity in the 
treated eyes with respect to the dimmest stimulus seen 
(2·3 dB [0·8]), mean retinal sensitivity (1·7 dB [1·0]), and 
total number of test points seen (1·5 [2·3]). Although 
these measurements were not independently signifi cant 
(p>0·05), the overall trend is in keeping with a slow 
degeneration in the control eyes, against a treatment 
eff ect from gene therapy in the eyes undergoing retinal 
detachment by 6 months (table; appendix pp 11–12).

Further analysis of the visual function in 
patient 1 at 6 months showed that his fi xation points had 
moved towards the region exposed to the vector (fi gure 3). 
Before surgery he had lost foveal fi xation and his 

Figure 4: Vector doses administered to and vision changes in patients with choroideremia
(A) Western blot showing REP1 expression from aliquots of 1:10 residual diluted vectors that were removed from 
syringes after administration to patients and applied to a human cell line (HT1080) in culture. Also shown are the 
positive (hREP1) and negative controls (lysate from non-transduced cells) and the loading control (α tubulin). 
(B) Changes in best corrected visual acuity in ETDRS letters in each of the six patients. Horizontal lines represent 
baseline levels and the columns represent changes at 6 months in the treated (green) and fellow eyes (blue). 
(C) Shows the changes in retinal sensitivity measured with microperimetry before and 6 months after surgery in the 
treated and control eyes. The improvement in the treated eyes was correlated with the dose of vector genome 
particles per mm² in the surviving retina. hREP1=human Rab escort protein 1 (tagged protein positive control). 
REP1=Rab escort protein 1. ETDRS=Early Treatment for Diabetic Retinopathy Study (a standard vision test). 
AAV=adeno-associated virus. *Patients 1 and 4 with the greatest improvement in retinal sensitivity also had notable 
improvements in visual acuity.
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preferred retinal locus was variable, but mainly in the 
region just below where the fovea previously existed 
(fi gure 3A). By 6 months after gene therapy, his preferred 
retinal locus, although still variable, had shifted towards, 
and at times incorporated, the residual area of 
autofl uorescence exposed to vector (fi gure 3B; appendix 
p 21). Importantly, this shift in fi xation bypassed a closer 
island of autofl uorescence that had not been exposed to 
the vector (fi gure 3C, D). The fi ve other patients 
maintained foveal fi xation throughout, and this fi xation 
correlated with the point of maximal sensitivity measured 
with microperimetry in patients 2–5 (fi gure 2). In 
patient 6, however, the point of maximal sensitivity 
moved superonasally away from the fovea to the region 
adjacent to where the vector had been injected (fi gure 2L, 
location indicated by arrow).

In choroideremia, the area of residual auto fl uorescence 
in the retinal pigment epithelium is broadly 
representative of the amount of remaining tissue that 
needs to be targeted by gene therapy.8 This area varied 
over 1 log unit in our patients and the amount of vector 
administered diff ered between patients 1–5 and 
patient 6. Furthermore, the vector had been stored for 
diff erent periods and diluted 1:10 before administration 
in the operating theatre. Hence, to assess any treatment 
eff ect, the potency of the vector administered to each 
patient was compared. The dose was then calculated 
relative to the area of target tissue into which the vector 
would be absorbed from the subretinal space. A western 
blot of the proteins from HT1080 cells transduced with 
the unused surplus vector remaining from 
administration from each patient showed broadly 
similar levels of protein expression (fi gure 4A). The 
increase in mean retinal sensitivity was correlated with 
the dose administered per unit area (log genome 
particles per mm² retina) to the treated eyes (r=0·82, 
p=0·04; fi gure 4C). No correlation was noted in the 
untreated eyes, which showed the opposite trend 
(r=–0·59, p=0·21; fi gure 4C), in keeping with the slow 
progression of the disease in the later stages.

Since retinal thinning after subfoveal gene delivery has 
been a concern in other gene therapy trials,9 the thickness 
of the outer retina was measured in each patient before 
and 6 months after surgery. Because the fovea could not 
be identifi ed clearly in patients 1 and 4, the thickest region 
of the retina was chosen. The mean thickness of the retina 
in the six patients was similar before and 6 months after 
surgery at 175 µm (SE 27) and 169 µm (26), respectively. 
Notable outer retinal thinning was seen only in patient 6 in 
a non-seeing area just nasal to the fovea (appendix p 16), 
which corresponded to the region that stretched during 
subretinal injection. There was no clinically signifi cant 
loss of visual acuity in this patient. In the six patients, the 
mean area of surviving retina, as measured with 
autofl uorescence, was similar at baseline and 6 months 
after surgery (4·0 mm² [1·8] and 3·9 mm² [1·7], 
respectively; fi gure 1).

Discussion
After subretinal administration of the AAV.REP1, the two 
patients with the most advanced choroideremia had 
substantial gains in visual acuity (panel). The other four 
patients with near-normal visual acuity at baseline 
received subretinal vector without any signifi cant 
detrimental eff ects. In the cohort, we noted an 
improvement in maximal retinal sensitivity in the eyes 
treated with AAV.REP1, despite detachment of the macula, 
which is usually associated with a reduction in retinal 
sensitivity. The fi ve patients who received the full dose of 
AAV vector had improvements in mean retinal sensitivity 
in their detached retinas 6 months after surgery.

A notable diff erence compared with other retinal 
degenerations is that all target tissue layers 
(photoreceptors, retinal pigment epithelium, and choroid) 
are continually shrinking in choroideremia. Since 
subretinal fl uid is taken up largely through the retinal 
pigment epithelium and into the choroid rather than 
across bare sclera, it is likely that the multiplicity of 
infection per cell in the retinal pigment epithelium will 
increase for a fi xed titre of vector as the target area shrinks 
in size. Hence, comparison of the dose per mm2 of target 
tissue might be advantageous, and was correlated with 
the treatment eff ect. An alternative explanation for the 
apparent dose eff ect, however, might be that the smaller 
areas have more advanced disease in which the capacity 
for functional improvement might be greater.

Previous reports of retinal gene therapy have shown 
long-term benefi cial eff ects on visual function in patients 
with Leber congenital amaurosis,8,18 including treatment 
of their second eyes.19 Although assessment with 
microperimetry is subjective, the results were consistent 
in the patients in our study in whom the most signifi cant 
improvements were also accompanied by measurable 
gains in best corrected visual acuity, which was an 
independent test. In our cohort, only one patient had 
complete loss of foveal fi xation before surgery. Although 
still variable, by 6 months his fi xation had shifted to 
include the small residual island of retina ectopic to the 

Panel: Research in context

Systematic review
We searched PubMed for all publications, including clinical trial reports and reviews, 
with the terms “retina”, “gene therapy”, “choroideremia” (or “choroideraemia”), and 
“retinitis pigmentosa”, and found reports of gene therapy used to target the retinal 
pigment epithelium in patients with Leber congenital amaurosis due to defi ciencies in 
the RPE65 gene.

Interpretation
To our knowledge, this study is the fi rst assessment of retinal gene therapy administered to 
patients who have normal visual acuity. It is also the fi rst report of targeting a gene 
expressed in the photoreceptors. The results show the potential for gene therapy, not just 
in the treatment of choroideremia, but also for other chronic retinal degenerations that 
require early intervention before the onset of visual loss. These retinal degenerative diseases 
include retinitis pigmentosa and age-related macular degeneration.

Phase I/II trial - safety and efficacy with two different doses of AAV2-REP1 in 12 patients.
Six months after treatment, the first six patients showed improvement in their vision in dim light 
and the two patients who had impaired visual acuity at the start of the trial were able to read 
more lines on the eye chart.
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Optogenetics is a biological technique which involves the use of light to control cells in living 
tissue, typically neurons, that have been genetically modified to express light-sensitive ion 
channels. 

The key reagents used in optogenetics are light-sensitive proteins. Neuronal control is achieved 
using optogenetic actuators like channelrhodopsin (ChR2, ChR1, VChR1, and SFOs), 
halorhodopsin, and archaerhodopsin.

Optogenetic gene therapy

The light-gated ionotropic 
glutamate receptor (LiGluR) is 
modified with a cysteine in 
position 439 (L439C) for the 
covalent attachment of a 
photoisomerable molecule 
(“photoswitch”) that reversibly 
activates the receptor. 

At one wavelength, the glutamate 
fits into the binding pocket, 
opening the ion channel and at a 
second wavelength, it withdraws 
it to close the channel, thus 
enabling the channel to be turned 
on and off with light.

The intravitreal delivery of AAV2-LiGluR restores light responsiveness to the RGCs of adult rd1 mice 
once they have lost all photoreceptors

RETINAL DEGENERATION 1 
PDE6BRD1
Retinal degeneration (Pde6brd1)

Intravitreal injection of an AAV2 encoding 
ReaChR-mCitrine under a pan-neuronal 
hSyn promoter to target retinal ganglion cells 
(RGCs) in blind rd1 mice (4–5 weeks old).



rd1 mouse explores the circular open-field in the darkness. Upon sudden illumination of the 
chamber with orange light (590 nm, ~1015 photons cm-2 s-1) the mouse remains unaffected.

ReaChR-treated rd1 mouse explores the circular open field in darkness similar to the untreated rd1 
mouse. Upon sudden illumination of the chamber with orange light (590 nm, ~1015 photons cm-2 
s-1) the ReaChR-treated rd1 mouse is immediately immobilized. The ReaChR-treated rd1 mouse 

recovers and begins to move after about 1 minute following light onset.

ReaChR-treated mouse exhibits robust light aversion in a light/dark box chamber. When the light 
side was illuminated by orange light (590 nm, ~1015 photons cm-2 s-1) the mouse spent most of 
the time during a 5 minute trial on the dark side. At the end of the video the mouse could be seen 

resuming its exploration of the dark chamber when the orange light was switched off. 
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Usher syndrome
The major symptoms of Usher syndrome are hearing loss and retinitis pigmentosa.

11 genetic loci have been found to 
cause Usher syndrome: 

 • Type 1 Usher syndrome: 
MY07A, USH1C, CDH23, 
PCDH15, SANS 

 • Type 2 Usher syndrome: 
USH2A, VLGR1, WHRN 

 • Type 3 Usher syndrome: 
USH3A

Phase I/II approved in 2015

The treatment involves the 
injection of human retinal 
progenitor cells (hRPCs), which 
are more mature than embryonic 
stem cells, but haven’t 
completely developed into 
photoreceptors.

Human retinal progenitor cells 
(hRPCs)  
hRPCs are cells that differentiate into 
components of the retina. These cells are used 
allogeneically and are grown using a patented 
low-oxygen cell expansion technology 
licensed from the Schepens Eye Research 
Institute at Harvard Medical School.

Both jCyte and ReNeuron use hRPCs. However, there are two key differences 
between the two therapies.

1) jCyte’s hRPCs are used to release neuroprotective proteins to preserve 
cones, the retinal cells that enable to read, perceive colors and see in lighted 
conditions. While the ReNeuron hRPCs are also designed to preserve cones, 
they may also develop into new photoreceptors and integrate into the patient’s 
retina to restore vision.
2) jCyte’s hRPCs will be injected into the patient’s vitreous, the gel-like 
substance that fills the middle of the eye. The ReNeuron therapy will be injected 
underneath the retina, a delicate procedure that carries more risk for damage or 
complications.

“jCyte’s hRPCs don’t have to integrate into the host tissue to be effective, they 
are floating in the clear vitreous gel and their status could be visualised using a 
standard slit lamp or indirect ophthalmoscope”
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The human retina

In the center of the retina is the optic 
nerve, a circular to oval white area 
measuring about 2 x 1.5 mm across. 

 From the center of the optic nerve 
radiate the major blood vessels of the 
retina.  

Approximately 5 mm to the left of the 
disc, can be seen the slightly oval-
shaped, blood vessel-free reddish spot, 
the fovea, which is at the center of the 
area known as the macula

A circular field of approximately 6 mm around the fovea is considered the central 
retina while beyond this is peripheral retina stretching to the ora serrata, 21 mm 
from the center of the optic disc. The total retina is a circular disc of approximately 42 
mm diameter. 

There as a ring of blood vessels in the macular area around a blood vessel- and capillary-free zone 450-600 
micron in diameter, denoting the fovea. The macular vessels arise from branches of the superior temporal and 
inferotemporal arteries.

Macular vessels

Wet AMD occurs when abnormal blood vessel 
grow in the back of the eye. As the blood vessels 
grow, they can leak blood and fluid, which 
damage the macula—the part of the retina that 
lets you see the color and fine detail, causing 
central vision loss

Age-related macular degeneration (AMD)
AMD is a chronic condition that causes central vision loss and it is a leading cause of blindness in 
people aged 60 and older. There are 2 forms of AMD—wet and dry. Dry AMD is more common 
(8/10) but wet AMD is responsible of most cases of blindness

Anti-VEGF for wet AMD

Macugen (Pegaptanib sodium - pegylated 
aptamer that binds VEGF165)

Lucentis (ranibizumab) - recombinant humanized 
Fab that binds all VEGF isoforms

Intravitreal injection into the back of the eye

LUCENTIS 0.5 mg (0.05 mL) is recommended to be administered by intravitreal 
injection once a month (approximately 28 days). 

Although less effective, treatment may be reduced to one injection every three 
months after the first four injections if monthly injections are not feasible. Compared 
to continued monthly dosing, dosing every 3 months will lead to an approximate 5-
letter (1-line) loss of visual acuity benefit, on average, over the following 9 months. 
Patients should be treated regularly.



Comparison of AMD Treatments Trials 
(CATT): Lucentis - Avastin Trial

A multicenter clinical trial to compare the relative 
safety and effectiveness of two drugs currently used 
to treat advanced age-related macular degeneration 
(AMD).

Lucentis was approved by the U.S. Food and Drug Administration (FDA) in 
June of 2006 for the treatment of advanced, or wet, AMD. The approval was 
based on evidence from clinical trials showing that Lucentis slows the rate of 
progression of vision loss from wet AMD. In addition to a low rate of 
developing vision loss, approximately one-third of patients treated in these 
trials had some improvement in vision, as measured on an eye chart, at 12 
months. 

Avastin is a drug closely related to Lucentis. It was approved by the FDA in 
2004 as an intravenous treatment for patients with advanced colorectal cancer 
and therefore has been available for what is called off-label use for other 
health conditions. It has been widely used off-label to treat wet AMD. Avastin 
is thought to remain in the eye longer than Lucentis and therefore possibly 
allow for less frequent injections. 

The additional 5% risk of serious adverse events has to be weighed against 

the cost benefits. A dose of Ranibizumab costs 40 times as much as a dose of 

Bevacizumab: this difference has important economic implications when 

extrapolated to the more than 250,000 patients who are treated for wet AMD 

annually in the US. For those who are uninsured or unable to afford Lucentis, 

receiving Avastin may be an informed decision worth taking.
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BACKGROUND

Clinical trials have established the efficacy of ranibizumab for the

treatment of neovascular age-related macular degeneration (AMD). In

addition, bevacizumab is used off-label to treat AMD, despite the

absence of similar supporting data.

METHODS

In a multicenter, single-blind, noninferiority trial, we randomly

assigned 1208 patients with neovascular AMD to receive intravitreal

injections of ranibizumab or bevacizumab on either a monthly

schedule or as needed with monthly evaluation. The primary outcome

was the mean change in visual acuity at 1 year, with a noninferiority

limit of 5 letters on the eye chart.

RESULTS

Bevacizumab administered monthly was equivalent to ranibizumab

administered monthly, with 8.0 and 8.5 letters gained, respectively.

Bevacizumab administered as needed was equivalent to ranibizumab

as needed, with 5.9 and 6.8 letters gained, respectively. Ranibizumab

as needed was equivalent to monthly ranibizumab, although the

comparison between bevacizumab as needed and monthly

bevacizumab was inconclusive. The mean decrease in central retinal

thickness was greater in the ranibizumab-monthly group (196 µm)

than in the other groups (152 to 168 µm, P=0.03 by analysis of

variance). Rates of death, myocardial infarction, and stroke were

similar for patients receiving either bevacizumab or ranibizumab

(P>0.20). The proportion of patients with serious systemic adverse

events (primarily hospitalizations) was higher with bevacizumab than

with ranibizumab (24.1% vs. 19.0%; risk ratio, 1.29; 95% confidence

interval, 1.01 to 1.66), with excess events broadly distributed in

disease categories not identified in previous studies as areas of

concern.

CONCLUSIONS

At 1 year, bevacizumab and ranibizumab had equivalent effects on

visual acuity when administered according to the same schedule.

Ranibizumab given as needed with monthly evaluation had effects on

vision that were equivalent to those of ranibizumab administered

monthly. Differences in rates of serious adverse events require further

study. (Funded by the National Eye Institute; ClinicalTrials.gov

number, NCT00593450.)

Supported by cooperative agreements (U10-EY017823, U10-

This article is available to subscribers.

Sign in now if you're a subscriber.
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NEWS 
Caso Avastin: respinti i ricorsi di Novartis e 
Roche. Confermata multa da 180 milioni 
2 dicembre 2014

Il Tar conferma la sanzione da 180 milioni di euro respingendo i ricorsi di Roche e 
Novartis. Le due multinazionali del farmaco dovranno quindi pagare la salata multa 
inflitta dall'Antitrust perché ritenute colpevoli di aver fatto "cartello" per favorire il 
farmaco più caro (Lucentis) per la cura della maculopatia senile. Un accordo che è 
costato al Servizio sanitario nazionale 1,2 miliardi di euro.
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Safety and Tolerability of Sub-retinal Transplantation of hESC Derived 
RPE (MA09-hRPE) Cells in Patients With Advanced Dry Age Related 
Macular Degeneration (Dry AMD)

ClinicalTrials.gov Identifier: NCT01344993


