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Program Number: 1216
Presentation Time: 8:30 AM–8:45 AM
Development of the Focal Electro-oculogram and its Application 
to Stargardt Disease
Alisa Thavikulwat1, Laryssa Huryn2, Wadih M. Zein2, 
Brian P. Brooks2, Brett G. Jeffrey2. 1Illinois Eye and Ear Infirmary, 
Chicago, IL; 2National Eye Institute, National Institutes of Health, 
Bethesda, MD.
Purpose: The structure of the retina/retinal pigment epithelium 
(RPE) complex may be compromised in macular disease. The full-
field electro-oculogram (EOG), a functional test of the retina/RPE 
complex, is insensitive to local macular changes. We developed 
a focal EOG to non-invasively quantify changes in central retinal 
function and applied this test to patients with Stargardt disease.
Methods: The parameters (stimulus size and luminance) for 
generating a focal EOG light rise (LR) without contributions 
from light scatter were derived from experiments with 19 healthy 
volunteers (HVs). The focal light stimulus applied to generate a focal 
LR was turned off for 10 seconds each minute to avoid smearing 
the light over the retina while making saccadic eye movements. 
Focal and full-field EOGs were recorded from 6 Stargardt patients 
(37-65 years old) with central vision loss, but foveal preservation 
that enabled steady fixation. Full-field and focal EOGs were recorded 
from 4 and 7 HVs, respectively.
Results: A focal EOG LR was consistently produced in response to a 
40° stimulus at 40 cd/m2 in all HVs. Scattered light from this stimulus 
was estimated and control experiments suggest that this scattered 
light is not sufficient to contribute to the LR in most HVs.
Time to LP, when present, was significantly longer in Stargardt 
patients, at 32.6±1.3 min compared to 28.5±0.5 min in HVs for the 
focal EOG (P value <0.05) and 31.8±1.0 min compared to 28.8±0.3 
min in HVs for the full-field EOG (P value <0.05). There was no 
statistically significant difference in LP:BL between Stargardt 
patients with a LR, and HVs (focal EOG: 1.4±0.08 vs. 1.3±0.04,  
full-field EOG: 1.7±0.15 vs. 1.3±0.04). There was variability in the 
EOG recordings from the Stargardt patients; 4 patients had both focal 
and full-field LRs, 1 patient had a full-field LR, but no focal LR, and 
1 patient had no LR with either stimulus.
Conclusions: Patients with Stargardt disease have a delayed LR. The 
focal EOG was not selectively altered in the Stargardt patients, but 
this finding may be due to the relatively large size of the stimulus 
(40°) compared with the size of atrophy (<20°) as demonstrated 
by imaging in these patients. Further control studies in patients 
with larger defined areas of retina/RPE loss are required to validate 
whether scattered light contributes to the focal EOG.
Commercial Relationships: Alisa Thavikulwat, None; 
Laryssa Huryn, None; Wadih M. Zein, None; Brian P. Brooks, 
None; Brett G. Jeffrey, None
Support: DHHS/NIH/NEI Intramural Research Program:  
12-EI-0167 and N01-EY-1-2113
Clinical Trial: NCT02225119

Program Number: 1217
Presentation Time: 8:45 AM–9:00 AM
Smith-Magenis Syndrome patients show reduced melanopsin 
response in the pupillary light reflex
Mirella T. Barboni5, Clarissa Bueno1, Balazs Nagy2, 5, 
Patrícia L. Maia1, Kallene S. Vidal5, Rosana C. Alves1, 
Fernanda G. Amaral3, Jose Cipolla-Neto4, Dora F. Ventura5. 
1Department of Neurology, University of Sao Paulo, Sao Paulo, 
Brazil; 2Department of Mechatronics, Optics and Engineering 
Informatics, Budapest University of Technology and Economics, 
Budapest, Hungary; 3Department of Physiology, Federal University 
of Sao Paulo, Sao Paulo, Brazil; 4Department of Physiology and 
Biophysics, University of Sao Paulo, Sao Paulo, Brazil; 5Department 
of Experimental Psychology, University of Sao Paulo, Sao Paulo, 
Brazil.
Purpose: Smith-Magenis Syndrome (SMS) is a rare disease caused 
by a deletion (or a point mutation < 10% of the patients) in the 
gene RAI1 of chromosome 17. This gene plays an important role 
during the development of the brain. SMS patients show a disrupted 
sleep pattern caused by an alteration in daily profile of melatonin 
production that unusually peaks during the day. Here we used 
pupillometry in order to investigate the sustained component of the 
pupillary light response (PLR). This component reveals melanopsin 
activity since it is mediated by melanopsin expressing intrinsically 
photosensitive retinal ganglion cells (ipRGCs). Among several 
functions, the ipRGCs contribute to photopic regulation of melatonin 
and therefore to the regulation of circadian rhythms of sleep.
Methods: PLRs were recorded monocularly (both eyes) in five SMS 
patients and three controls. A dark adaptation period of 10 minutes 
preceded PLR recordings in response to 1 second light flashes of 
different wavelengths: a 640 nm red light, which falls outside the 
absorption spectrum of melanopsin (no direct activation of the 
ipRGCs), followed by a 470 nm blue light, which is close to the peak 
absorption of melanopsin (direct activation of the ipRGCs) at 100 cd/
m2. A 2 minutes interval between flashes was observed. We analyzed 
the median amplitude of the sustained component between 5 and 7 
seconds after flash presentation. All subjects underwent complete 
ophthalmological examination. Tests were performed with the 
RETIport system (Roland Consult, Brandenburg, Germany).
Results: All subjects showed normal fundus. The median  
amplitude of the sustained component did not differ between patients 
and controls for the 640 nm red light (relative amplitude of  
controls = 0.88 ± 0.04 and SMS patients = 0.87 ± 0.05). However, 
for the 470-nm blue light (with direct activation of the ipRGCs) the 
sustained component differed between patients and controls (relative 
amplitude of controls = 0.51 ± 0.04 and SMS patients = 0.64 ± 0.03; 
p = 0.0002 t-test).
Conclusions: The faster recovery of the pupil diameter after a 
470-nm blue light stimulation in SMS patients points to decreased 
ipRGCs activation. This might be related to lack of photo-inhibition 
leading to production of melatonin during the day in these patients. 
Further studies are required to compare the melatonin level during 
the day and the alteration in the pupillary light response in this 
population.
Commercial Relationships: Mirella T. Barboni, None; 
Clarissa Bueno, None; Balazs Nagy, None; Patrícia L. Maia, 
None; Kallene S. Vidal, None; Rosana C. Alves, None; 
Fernanda G. Amaral, None; Jose Cipolla-Neto, None; 
Dora F. Ventura, None
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Support: FAPESP (Projetos Temáticos 2014/26818-2 e 2014/50457-0; 
Projeto Regular 2016/04538-3; Pesquisador Visitante 2014/06457-5; 
Bolsa de Pós-doutorado 2015/22227-2), CNPq (Acordo Bilateral 
BMBF 480428/2013-4; Auxílio individual 470785/2014-4) e CAPES 
(Programa Pró-Amazônia 3263/2013).

Program Number: 1218
Presentation Time: 9:00 AM–9:15 AM
Enhancing visual responses in retinal degeneration with human 
melanopsin
Jasmina Cehajic Kapetanovic, Annette E. Allen, Nina Milosavljevic, 
Timothy M. Brown, Paul N. Bishop, Robert J. Lucas. Faculty 
of Biology, Medicine and Health, University of Manchester, 
Manchester, United Kingdom.
Purpose: Optogenetic therapies show promise for the treatment 
of degenerative retinal conditions, in particular advanced retinal 
dystrophies. Melanopsin is a native retinal photopigment normally 
expressed in a subset of (intrinsically photosensitive) retinal ganglion 
cells (ipRGCs). Here, we set out to determine the extent of restored 
visual responses in vivo and to characterise the sensitivity and kinetic 
properties of augmented (versus native) melanopsin responses in rd1 
mice, a model of advanced retinal degeneration.
Methods: We delivered human melanopsin via intravitreal AAV 
gene therapy to inner retinal neurons in combination with glycosidic 
enzymes to improve retinal penetration. Visual function was assessed 
with pupillometry and the downstream effects of more complex 
visual processing were examined by in-vivo electrophysiology 
recordings from the lateral geniculate nucleus (LGN).
Results: We expressed human melanopsin ectopically in both 
RGCs and inner nuclear layer (INL) cells of rd1 mice. Functionally, 
melanopsin treated mice showed enhanced pupil light reflex. In 
addition, light responses driven by ectopic melanopsin were superior 
in terms of sensitivity, amplitude and latency of response compared 
to native melanopsin responses. Moreover, restored responses could 
be elicited under moderate light intensities, typical of indoor lighting 
levels and were present under light adapted conditions.
Conclusions: Melanopsin expressed in degenerating retina, has 
potential to enhance light sensitivity. It operates at a range of 
irradiances under physiological light conditions, ~2-3 orders 
of magnitude lower than necessary for current microbial-based 
optogenetic and photopharmacological strategies. However, the 
kinetics of the melanopsin response were relatively slow.
Commercial Relationships: Jasmina Cehajic Kapetanovic, 
None; Annette E. Allen, None; Nina Milosavljevic, None; 
Timothy M. Brown, None; Paul N. Bishop, None; Robert J. Lucas, 
None
Support: MRC Clinical Research Training Fellowship, UK

Program Number: 1219
Presentation Time: 9:15 AM–9:30 AM
Long term visual restoration using optogenetic engineering of 
retinal ganglion cells with AAV2.7m8- ChrimsonR-tdTomato
Gregory Gauvain1, Romain Caplette1, Himanshu Akolkar1, 
Celine Jaillard2, Didier Pruneau3, José Alain sahel2, Deniz Dalkara4, 
Ryad Benosman1, Serge A. Picaud1. 1Visual Information Processing, 
Sorbonne Universités, UPMC Univ Paris 06, INSERM, CNRS, 
Institut de la Vision, Paris, France; 2Institut de la Vision, Sorbonne 
Universités, UPMC Univ Paris 06, INSERM, CNRS, Paris, France; 
3GenSight Biologics, Paris, France; 4Therapeutics, Sorbonne 
Universités, UPMC Univ Paris 06, INSERM, CNRS, Institut de la 
Vision, Paris, France.
Purpose: Retinitis Pigmentosa (RP) is a collection of inherited 
dystrophies with similar clinical features resulting in the progressive 

loss of photoreceptors leading to blindness. Although gene therapy is 
currently in clinical trial for hereditary dystrophies, the considerable 
genetic heterogeneity in RP preclude the rapid development of 
treatments for patients. In this pre-clinical study we are considering 
an alternative to classic gene therapy and propose to use viral 
vector to deliver a microbial opsin, ChrimsonR, to optically control 
surviving retinal ganglion cells. We previously selected AAV2.7m8-
ChrimsonR-tdTomato as the most potent of our viral constructs. We 
investigated here in non-human primates the treatment efficacy after 
long term (6 month) expression of our transgene.
Methods: Non-human primates (cynomolgus macaques) were 
injected intra vitrealy with AAV2.7m8-ChrimsonR-tdTomato under 
the CAG promoter. A total of 8 monkeys were injected, with three 
viral doses at least 6 months before ex vivo RGC recordings on 256 
electrode multielectrode arrays (MEA). Natural light responses were 
blocked by a cocktail of synaptic blockers (L-AP4, CNQX, CPP). 
Immune response following virus injection was evaluated with 
in-vivo imaging (Optical Coherence Tomography and fundus), and 
transfection efficiency was estimated on fixed tissue by confocal 
microscopy.
Results: When examining the non-human primates by slit lamp 
and SLO-OCT, none of the injected primates developed significant 
immune response or sign of morphological alteration based on the 
fundus images. Our result indicates that the highest viral dose was 
optimal for best efficacy in term of light sensitivity, for full field or 
discreet spot stimuli, and number of infected cells. However, the 
medium viral dose was sufficient to produce a significant activity 
in the infected retinas, whereas the lowest dose did not produce cell 
activity even if some RGCs displayed td-Tomato fluorescence.
Conclusions: While our results demonstrate stable expression of 
ChrimsonR-td-Tomato in non human primates on a 6 month period 
post-infection, they also provide evidence for functional efficacy at 
doses, which could represent the therapeutic dose range for the future 
clinical trial.
Commercial Relationships: Gregory Gauvain, None; 
Romain Caplette, None; Himanshu Akolkar, None; 
Celine Jaillard, None; Didier Pruneau, GenSight Biologics (E); 
José Alain sahel, Pixium (P), Pixium (I), Chronocam (I), Chronocam 
(P), Pixium (C), GenSight Biologics (I), GenSight Biologics (P), 
Chronocam (C), GenSight Biologics (C), GenSight Biologics 
(F); Deniz Dalkara, GenSight Biologics (P), GenSight Biologics 
(C); Ryad Benosman, GenSight Biologics (C); Serge A. Picaud, 
GenSight Biologics (C), GenSight Biologics (F), Chronocam (I), 
Pixium (C)
Support: Sight Again

Program Number: 1220
Presentation Time: 9:30 AM–9:45 AM
Inhibition in the retinal ON cone pathway is increased in early 
diabetes
Johnnie Moore-Dotson, Erika D. Eggers. University of Arizona, 
Tucson, AZ.
Purpose: There is increasing evidence of retinal neuronal 
dysfunction in early diabetes. We have previously shown that 
GABAergic inhibition is decreased in the rod pathway due to 
reduced GABA release from amacrine cells (AC). GABAergic AC 
dysfunction may occur across retinal pathways. The purpose of this 
study is to determine if GABAergic inhibition to cone bipolar cells 
(BC) is compromised in early diabetes.
Methods: Diabetes was induced in C57BL/6J, transgenic Mito-
CFP and Gus-GFP mice by 3 i.p. injections of streptozotocin (STZ, 
75mg/kg), and confirmed by blood glucose levels >200 mg/dL. Six 
weeks post injections, AC function in the cone pathway was tested 
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by recording light-evoked (L) IPSCs from OFF and ON BCs in dark-
adapted retinal slices in response to a 30ms full-field light stimulus. 
Receptor (R) inputs were pharmacologically isolated. The peak 
amplitude, charge transfer and time to decay to 37% of peak (D37) 
were measured.
Results: The charge transfer of ON BC L-IPSCs was significantly 
increased at multiple intensities in diabetic mice (n=11 cells) 
compared to control mice (n=10, p<0.05). ON BC L-IPSCs from 
diabetic mice had a slower D37 (p<0.05). Isolated GABAAR-
mediated L-IPSCs in diabetic mice (n=3) had on average increased 
charge transfer and longer D37 compared to control (n=3). There 
was no significant difference in GABACR-mediated L-IPSC peak 
amplitude and charge transfer between control (n=5) and diabetic 
mice (n=5). In the OFF pathway, the D37 of OFF BC L-IPSCs was 
significantly slower at multiple intensities in diabetic mice compared 
to control (n=12 for both, p<0.05). There was no significant 
difference in GABAAR-mediated L-IPSCs of OFF BCs.
Conclusions: Unlike in the rod pathway, inhibition in the cone 
pathway is increased in early diabetes. In OFF BCs, the slower timing 
of L-IPSCs was likely due to a change in glycinergic signaling, since 
there was no difference in isolated GABAAR-mediated L-IPSCs. In 
ON BCs, elevated inhibition is likely due to increased GABAAR-
mediated inhibition, since there is no change in GABACR-mediated 
inhibition and ON BCs do not express glycine Rs. These results show 
that aberrant amacrine cell signaling differs across retinal pathways 
and may underlie changes in retinal electrical signaling in diabetes.
Commercial Relationships: Johnnie Moore-Dotson, None; 
Erika D. Eggers, None
Support: This work was supported by R01 EY026027 (EE), NIH 
2T32HL7249-36A1 (JMD), a JDRF Innovative Award (EE) and a 
JDRF Postdoctoral fellowship (JMD).

Program Number: 1221
Presentation Time: 9:45 AM–10:00 AM
A naturally occurring mouse model of achromatopsia caused by a 
novel missense change in Cngb3
Alun R. Barnard1, 2, Mark M. Hassall1, Peter Charbel Issa1, 2, 
Robert E. MacLaren1, 2. 1Nuffield Lab of Ophthalmology, University 
of Oxford, Oxford, United Kingdom; 2Oxford Eye Hospital, Oxford 
University Hospitals NHS Foundation Trust, Oxford, United 
Kingdom.
Purpose: A local colony of inbred mice (129S6/SvEvTac origin), 
previously bred in isolation for over a decade, were found to have 
completely absent light-adapted electroretinogram (ERG) responses. 
We investigated the inheritance and genetic basis of this cone 
photoreceptor function loss (cpfl) phenotype.
Methods: We performed ERG testing using an Espion E3 system. 
An affected 129S6/SvEvTac colony animal was outcrossed to a 
wild-type C57BL/6J mouse to produce first filial generation hybrid 
offspring (129SB6F1). The 129SB6F1 animals were intercrossed to 
investigate inheritance in the F2 generation. Targeted re-sequencing 
was performed on genes known to cause a cpfl phenotype and/
or identified as causing achromatopsia in humans (Gnat2, Cnga3, 
Cngb3, Pde6c, Hcn1, Syne2). The eyes of selected animals underwent 
histological sectioning and cone arrestin immunostaining.
Results: All 129S6/SvEvTac colony animals tested lacked cone 
pathway ERG function (n= 12), although rod pathway ERG responses 
were unaffected. C57BL/6 outcross F1 progeny (129SB6F1) did not 
display a deficit in cone ERG function (n = 28). However, animals 
in the F2 generation showed the original cpfl phenotype, indicating 
a recessive inheritance pattern. DNA sequencing revealed that the 
colony did not carry cone gene mutations previous found in other 
inbred lines. Instead a novel missense mutation was identified in 

Cngb3. Genotyping 59 animals of the F2 generation found that: 15 
were wildtype, 29 were heterozygous, 15 were homozygous for the 
novel Cngb3 mutation (not significantly different from expected 1:2:1 
ratio, X = 0.9745, df = 2, p = 0.6143). Animals that were wildtype 
or heterozygous had normal cone ERGs, whereas all F2 animals 
homozygous for the Cngb3 mutation showed the cpfl phenotype. 
There was no obvious retinal degeneration and cone photoreceptors 
with normal morphology were present in all eyes examined.
Conclusions: We identified a novel missense mutation in the Cngb3 
gene, which results recessive inheritance of cone pathway function 
loss in mice. The human condition of CNGB3 achromatopsia is 
predominantly one of missense changes, presumed to result in 
the production of non-functional protein in cones, rather than null 
mutations. Hence, this naturally occurring achromatopsia mouse 
more closely represents the human disease and may be a more 
informative model against which to assess the potential effects of 
CNGB3 gene therapy.
Commercial Relationships: Alun R. Barnard; Mark M. Hassall, 
None; Peter Charbel Issa, None; Robert E. MacLaren, None
Support: The Royal College of Surgeons of Edinburgh, The Rhodes 
Trust

Program Number: 1222
Presentation Time: 10:00 AM–10:15 AM
Recovery from amblyopia enhanced by daily stimulation during 
development
Victoria Yang1, Ranjay Chakraborty1, Erica Landis2, 
Ryan G. Strickland2, Machelle T. Pardue1, 3. 1Atlanta VA Center for 
Visual and Neurocognitive Rehab Ophthalmology, Emory University, 
Decatur, GA; 2Emory University, Decatur, GA; 3Biomedical 
Engineering, Georgia Institute of Technology, Atlanta, GA.
Purpose: Daily stimulation of rodents by exposure to optokinetic 
tracking (OKT) assessment in a critical period of early development 
leads to above normal spatial frequency (SF) thresholds (Prusky & 
Douglas, 2003). Here, we investigated whether the visual benefit of 
daily OKT would affect development of or recovery from amblyopia.
Methods: C57BL/6J mice underwent monocular form-deprivation 
(FD) from post-natal day 23 (P23). Only contralateral (CL) eyes 
were then either stimulated with OKT testing (OKT group, n=6) or 
exposed to grey screens (control group, n=5) daily for two weeks 
from P24-P36 (amblyopia phase). FD was removed on P37 for a 
recovery phase (P37-P44), when both groups received daily OKT 
testing in both eyes. An additional OKT group (non-post-OKT group, 
n=6) was not stimulated during recovery to elucidate the effects 
of stimulation during the two phases of the experiment. All mice 
were tested weekly from P23 for refractive error, and weekly during 
recovery for SF and contrast sensitivity (CS).
Results: All groups developed a myopic shift (FD-CL eyes) during 
development (mean myopic shift in diopters, baseline at P23: -0.0752 
± 0.293; at P37: -1.727 ± 0.317, p=0.001) and recovered to baseline 
after FD removal (P44: 0.0311 ± 0.313). However, refractive error 
did not differ with visual stimulation. In the CL eye, SF increased 
more than 15% in OKT mice compared to controls at P37 (p<0.001, 
Figure). In the FD eye, although SF was not different between groups 
at FD removal (SF in cyc/deg, OKT: 0.308 ± 0.004, control: 0.304 ± 
0.004, p>0.05), OKT eyes reached hypernormal thresholds compared 
to controls after recovery (at P44, OKT: 0.464 ± 0.004, control: 
0.407 ± 0.004, p<0.001). This was also true for the non-post-OKT 
group (0.466 ± 0.005, p<0.001). These effects were paralleled by CS 
measurements, where CS of both OKT groups increased more than 
40% compared to controls in the CL eye (p<0.001) and the FD eye 
(p<0.001).
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Conclusions: Although all mice were effectively amblyopic 
throughout the experiment, OKT-stimulated mice not only 
developed hyperacuity in CL eyes, but also recovered to comparable 
hypernormal SF and CS thresholds in their FD eyes. However, 
refractive error was not affected by OKT stimulation. Future studies 
are necessary to elucidate the mechanism of this recovery effect.

OKT-stimulated mice develop hyperacuity in both eyes following FD 
removal
Commercial Relationships: Victoria Yang, None; 
Ranjay Chakraborty, None; Erica Landis, None; 
Ryan G. Strickland, None; Machelle T. Pardue, None
Support: Research Career Scientist Award (MTP), Depart of Veteran 
Affairs, Rehab R&D Service; NIH R01 EY016435


