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PRO RETINA DEUTSCHLAND E. V. & THE PRO RETINA-
FOUNDATION FOR PREVENTION OF BLINDNESS

WHO WE ARE
The patient-organisation, “PRO RETINA deutschland e. v.”, was founded in 1977 as „deutsche Retini-
tis Pigmentosa-vereinigung“ by patients and their relatives intended to organize help for them-
selves. The three objectives mentioned in the constitution are to actively support research, to give
psychological and social advice for its members and to strengthen public information.
Every member can join one of the 60 regional groups, which are spread throughout Germany. At
present (2014), PRO RETINA deutschland e. v. counts more than 5,800 members. The board, the
Coun sellors, the leaders of the regional groups and all active members are working on a non-profit
basis, but they are supported by a fulltime working staff at our office which is located in Aachen
(www.pro-retina.de).

WHAT WE DO IN RESEARCH
The jewel of all this work is the PRO RETINA-foundation for Prevention of blindness, which was
founded in 1996.
from the early beginning we have created a stable network with researchers and ophthalmologists
for joined information and advice. We support research projects with direct financial funding – since
the ”foundation for Prevention of blindness” was established in 1996, more than two million Euro
have been donated. We actively initiate research projects and therapy tests and contribute to their
implementation.

Every year, we award two research prices and organize and support national and international semi-
nars and conferences on relevant topics. We are financing Phd grants in order to foster research
activities and networking between researchers.

We are consulted by a scientific and  Medical Advisory board (“Wissenschaftlicher und Medizinischer
beirat”, WMb) and a Working Group on Clinical Questions (“Arbeitskreis Klinische fragen”, AKf).
In this Working Group scientists of different medical and other relevant disciplines are taking part.

The main objective is to secure a long-term support for research activities, e. g. by granting financial
means for the development of new research projects or by financing the initial phase of relevant
projects.

It is envisaged to increase the capital of the foundation to a minimum of Euro 5,000,000, which are to
re sult in a steady source of funding for the support of research, independent from changing income
of donations.
We guarantee that the benefits of the foundation will only be dedicated to the research of retinal
diseases, with the wider objective to develop applicable therapies for the patients.

PRO RETINA
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Friday, April 4th 2014

13:00–13:05 Welcome remarks
franz badura, PRO RETINA foundation/Research division

13:05–13:50 Keynote-Lecture
Thomas Rosenberg, Glostrup, denmark
The “Sleeping Beauty” (Dornröschen) is still dreaming of her prince –
Clinical trials in retinal dystrophies

13:50 – 15:30 Session 1 Chairman: Olaf Strauß
13:50–14:15 diana Pauly, Regensburg

Antibody therapies in AMD as a treatment option – An overview
14:15–14:40 Glen Jeffery, london

Complement and AMD: Are there lessons from animal models?
14:40–15:05 steffen schmitz-valckenberg, bonn

Role for the complement system as a therapeutic target in atrophic
age-related macular degeneration

15:05–15:30 bärbel Rohrer, Charleston
Complement-activation and age-related macular degeneration:
Generation of novel treatments and diagnostics

15:30 – 16:30 Coffee break with scientific chitchat

16:30 – 18:10 Session 2 Chairman: Bernhard Weber
16:30–16:55 Muna Naash, Oklahoma City

Nanoparticle-based gene therapy for ocular diseases: An update
16:55–17:20 daniel Chung, Philadelphia

Update on RPE65 gene therapy clinical trials – Can we halt
retinal degeneration?

17:20–17:45 Markus Groppe, Oxford
Gene therapy for choroideremia

17:45–18:10 Armin Göpferich, Regensburg
Targeted nanoparticles

18:10 Dinner

19:30–open Swingin’ poster session

PROGRAMME
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Saturday, April 5th 2014

08:45–10:25 Session 3 Chairman: Klaus Rüther
08:45–09:10 Michael bach, freiburg

Perception with visual prosthetics   
09:10–09:35 Moritz Helmstaedter, München

Reconstructing the retina: Connectomics of the inner plexiform
layer 

09:35–10:00 Jens duebel, Paris
Restoring vision by using microbial opsins 

10:00–10:25 Mark Greenlee, Regensburg
Vision without a fovea: Results of training eccentric fixation in AMD
patients 

10:25–11:15 Coffee break

11:15–12:55 Session 4
Eight selected poster presentations, followed by presenting
the three 2014 PRO RETINA poster price awards

12:55–13:00 Concluding remarks

13:00 Lunch and end of meeting
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The ”Sleeping Beauty” (Dornröschen) is still dreaming of her
prince – Clinical trials in retinal dystrophies

Thomas Rosenberg

Purpose: To present an overview of all clinical trials to date dealing with retinal dystrophies.

Methods: The presentation with mention the ideas behind clinical trials and the general set-
up for a trial. Next the eye as a therapeutic target will be emphasized and different methods
for outcome measures reviewed. 
A search for “retinitis pigmentosa” OR “retinal dystrophy” in the database www.clinicaltrials.gov
was made, resulting in 111 hits. After sorting out 21 irrelevant trials the registered therapeutic
modalities are accounted of, including physical treatments, drug treatments, transplantation,
stem cell treatments, gene treatments, and prosthetic treatments.

Results: Among 90 trials the 56 included some form of therapeutic intervention. However, it is
still not possible to cure any hereditary retinal disorder, and we as well as the patients still have
to wait a while before we can go from reasonable hope to reality. The present count is only rep-
resenting the top of the iceberg as a large amount of new clinical trials will be introduced during
the next few years and additional results from the ongoing trials will be published.

Conclusion: The review will conclude the first three decades of clinical trials in nine main points. 
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Antibody therapies in AMD as a treatment option – An overview

Diana Pauly

Institute of Human Genetics, University of Regensburg, Regensburg, Germany

This year we celebrate the 10th anniversary of the anti-angiogenesis therapy for wet age-relat-
ed macular degeneration (AMd). In long-term studies, anti-vascular endothelial growth factor
(vEGf) therapy yielded a good visual outcome in one third of exudative AMd patients, where-
as another third fared poorly. In contrast to the wet form, there is still no specific drug on the
market for dry AMd, which accounts for 90 % of all AMd cases. The partial success story of
anti-vEGf drugs encouraged further development of therapeutic antibodies for the treatment
of wet and dry AMd. Over hundred active clinical studies are recruiting for interventional AMd
therapies and the ophthalmic market will reach us$20.9bn this year. At least ten of these
drugs are antibodies or antibody fragments targeting inflammation, the complement path-
way, amyloid beta deposition or cell growth. Recently, the complement cascade, a part of the
innate immune system, was highlighted as a key pathway for AMd-treatment. Eculizumab,
lampalizumab and lfG316 are antibodies specific for central proteins of the alternative com-
plement pathway and in clinical phase II studies. systemic inhibition of complement factor C5
by Eculizumab was well tolerated but did not decrease the growth rate of geographic atrophy
(GA). lampalizumab, an antibody fragment targeting complement factor d showed 20 %
reduction rate of GA after 18 months intravitreal injections. Potential therapeutic antibodies
against regulatory proteins of the complement system are in preclinical development. These
drugs offer the opportunity for fine-tuning of the complement system and do not directly
interfere with the main cascade. A novel monoclonal antibody against properdin, the only
known positive regulator of the alternative complement system, inhibits the complement sys-
tem in vitro at a lower effective concentration compared to anti-C5 antibodies. Other regula-
tory proteins of the complement system are complement factor H-related proteins 1 and 3
(CfHR1/3) but their function is unknown. studies revealed a protective effect of CfHR1/3 defi-
ciency for AMd development. CfHR1/3 and properdin represent promising antigens for AMd-
antibody therapy in the future. 
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Complement and AMD: Are there lessons from animal models?

Glen Jeffery

Institute of Ophthalmology, University College London, UK

Purpose: Inflammation is a key feature of ageing and disease, particularly in the retina
because of its high metabolic demand. With age and inflammation there is declining mito-
chondrial function with reduced ATP and increased ROs production. Reducing inflammation
is a key target in ocular health to reduce the pace of age related photoreceptor loss and re -
duce the probability of ageing tipping over into disease.

Methods: We adopt two routes in aged C57 mice and immune compromised mice (CfH-/-).
first, systemic administration of vitamin d known to modulate the immune system. second,
shifting mitochondrial function by optically stimulating cytochrome C oxidase (COX) with near
infra-red light (NIR) at a low energy of 40 mW/cm2 which is roughly equivalent to indirect day-
light. This is administered for 60–90 seconds daily over 5 days or longer.

Results: vitamin d significantly reduces a range of inflammatory markers in the outer retina
along with clearing age related macrophages. This was related to an improved ERG. brief puls-
ing with NIR over 5 days resulted in increased mitochondrial fusion and COX up regulation,
which was associated with increased mitochondrial membrane potentials and elevated ATP
production. This significantly reduced a range of independent inflammatory markers in nor-
mal old mice and old CfH-/- animals. The effect can be sustain over 4 months and can be
delivered by supplemented environmental lighting. because the wavelengths are relatively
long they can penetrate tissue deeply. Hence, ATP levels were also elevated in the brain. 

Conclusion: Maintaining normal levels of vitamin d is important in general health and is likely
to be an issue in the retina. Examination of outpatient populations in a london clinic revealed
that in around 18 % of cases there was no detectable vitamin d in their serum. NIR light is now
widely demonstrated to have an impact on inflammation in diverse tissues form a number of
labs. The mechanism is partly revealed and efficacy can now be obtained at 4 mW/cm2.
device costs are economic and self-administration possible reducing clinical time. One clinical
trial is in place for birdshot chorioretinopathy, a mainly inflammatory condition and a large
MRC trail has been applied for to treat early AMd. 
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Role for the complement system as a therapeutic target in
atrophic age-related macular degeneration

Steffen Schmitz-Valckenberg

Universitäts-Augenklinik Bonn

Purpose: Atrophic age-related macular degeneration (AMd) is the next challenge following
the breakthrough in the treatment of neovascular age-related macular degeneration (AMd).
Among various interventional pharmacologic approaches, one promising target is the inhibi-
tion of the complement system.

Methods: Atrophic AMd is characterized by the development and continuous enlargement of
atrophic patches that are spatially confined to absolute scotomata. The slow progression of the
disease and the low sensitivity of central visual acuity measurements compared to progressive
visual disabilities require innovative concepts for the assessment of therapeutic efficacy. 

Results: Possible clinical endpoints include reduction in drusen burden, slowing the enlarge-
ment rate of GA lesion area, and slowing or eliminating the progression of intermediate to
advanced AMd. Particularly, retinal imaging technology may serve as a surrogate marker for
disease progression and functional loss. furthermore, high-risk markers for fast progression
can be identified. several lines of evidence suggest that local inflammation and dysregulation
of the complement system play a significant role in the progression of AMd. Regulators of the
complement systems such as Eculizumab, ARC-1905 or lampalizumab have been or are being
tested in interventional, randomized clinical trials in patients with atrophic AMd. 

Conclusions: The complement system is currently one major target for pharmaceutical inter-
ventions to slow down disease progression in atrophic age-related macular degeneration.
until efficacy and safety is demonstrated in large-scale clinical trials for any therapeutic strate-
gy, low-vision aids and further rehabilitative measures remain essential for patients with ad -
vanced dry AMd.
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Complement-activation and age-related macular degeneration:
Generation of novel treatments and diagnostics

Bärbel Rohrer1,2, 3*, Kannan Kunchithapautham1, Alex S. Woodell 2, Liudmila Kulik4,
Beth Coughlin1, Gloriane Schnabolk3, Joshua M. Thurman4, V. Michael Holers 4

Departments of Ophthalmology1 and Neuroscience2, Medical University of South Carolina,
Charleston, SC; 3Research Service, Ralph H Johnson VA Medical Center, Charleston, SC;
4Department of Medicine, University of Colorado Health Sciences Center, Denver, CO

Purpose: uncontrolled activation of the alternative complement pathway (AP) is thought to
be associated with age-related macular degeneration. during activation of the complement
cascade complement C3 protein is hydrolyzed resulting in the generation and fixation of C3
activation fragments on affected tissues. Previously, we have shown that in mouse laser-
induced choroidal neovascularization (CNv), C3 fragments are present in the CNv lesions. We
have tested whether these fragments can be used as addressable ligands for targeted thera-
peutics to reduce CNv, and to use novel anti-C3d antibodies to detect complement activation
in vivo in mouse CNv.

Methods: We have generated an AP inhibitor, which is a fusion protein consisting of a comple-
ment receptor 2 fragment linked that recognizes C3 fragments on cell surfaces to a comple-
ment inhibitory domain of factor H (CR2-fH). To generate a C3d-specific antibody, C3-deficient
mice were immunized with human C3d protein. CNv was induced by argon-laser pho to -
coagulation in C57bl/6J mice. Progression was analyzed using molecular, histological and
electrophysiological readouts. In vivo C3d imaging was performed using the Micron III imaging
system after tailvein injection of fITC-labeled mAb. 

Results: (1) The AP inhibitor CR2-fH significantly reduced CNv size, concomitant with a de -
crease in mRNA and protein for complement factor C3 and vEGf and preserved ERG ampli-
tudes. (2) bioavailability studies showed targeting of CR2-fH after intravenous administration
to the lesion sites. (3) mAbs were identified that preferentially bound to the iC3b, C3dg, and
C3d fragments, without binding to or interacting with C3 or C3b. (4) fITC-C3d29, bound to
CNv lesions could be imaged in vivo 24 hrs after the injection by Micron III retinoscopy, when
compared to a nonspecific fITC-labeled mAb.

Conclusions: The data show that the AP pathway plays an important role in CNv develop-
ment and demonstrate that its specific inhibition may represent a potential treatment for
AMd. Importantly, CR2-fH targets to ocular tissues and reduces the development of CNv fol-
lowing intravenous injection in both a preventative and a therapeutic paradigm, a finding
that opens a new avenue for the development of treatment strategies for AMd. Antibodies
specific to tissue-bound C3 activation fragments can be used to visualize sites of complement
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activation. This technique may be employed in the future for diagnostic purposes and to
monitor effects of therapeutic agents. 

NIH grant EY019320, a department for veterans Affairs merit award RX000444 and the beck-
man Initiative for Macular Research.
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Nanoparticle-based gene therapy for ocular diseases: An update

Muna I. Naash

Department of Cell Biology, University of Oklahoma Health Sciences Center, Oklahoma City,
OK 73104, U.S.A.

Mutations in genes expressed in the photoreceptors and retinal pigment epithelium (RPE)
cause a wide range of blinding diseases including leber’s congenital amaurosis (lCA), star-
gardt’s macular dystrophy, retinitis pigmentosa (RP), and a variety of other forms of macular
dystrophy. As many of these diseases result from loss-of-function mutations, we have been
exploring non-viral gene replacement therapy with compacted dNA nanoparticles (NPs).
These NPs are composed of polyethylene-glycol conjugated polylysine and dNA, and for a
typical expression plasmid have a minimum diameter of 9 nm. We have conducted extensive
studies demonstrating that they are well-tolerated and safe for use in the eye and can medi-
ate long-term, (often for the life of the animal) phenotypic improvements in mouse models of
RP (rds+/-), stargardt’s dystrophy (abca4-/-), and lCA (rpe65-/-). In spite of these positive results,
clinical relevance requires further improvements in levels and distribution of expression. In an
effort to assess ways to improve distribution, we have expanded testing in large animal mod-
els (namely non-human primates) and show that the nanoparticles efficiently express in the
retina and RPE in this model. Our testing showed that the dNA in the nanoparticles is subject
to extensive epigenetic regulation. Therefore, we are also testing the efficacy of a including a
variety of additional dNA elements to take advantage of the nuclear architecture of the cell
and prevent silencing and down-regulation of expression. With these advancements, com-
pacted dNA nanoparticles have the potential to become clinically relevant treatments for a
variety of inherited ocular diseases. 
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Update on RPE65 gene therapy clinical trials – Can we halt retinal
degeneration?

Daniel Chung, Philadelphia

Introduction/Objectives: One of the most severe forms of inherited blindness in children is a
group of diseases known as leber Congenital Amaurosis (lCA). lCA is a recessively inherited
infantile-onset retinal dystrophy that presents at birth with vision loss, nystagmus, and flat
electroretinographic responses. defects in one gene, RPE65, cause type 2 lCA, characterized
by moderate vision impairment at infancy with progression to total blindness by early to mid
adulthood. The RPE65 gene encodes a retinal isomerase involved in vitamin A metabolism
and is responsible for the regeneration of 11-cis retinal after light exposure. Although the
absence of this protein causes early profound visual impairment in humans and animal mod-
els, the degeneration of the retinal cells themselves is delayed. The history and data of initial
clinical trial phases will be reviewed, and an overview of the structure of the ongoing phase III
trial will be discussed, as well as the potential for long term functional vision.

Methods: Proof-of-principle for gene therapy for lCA 2 was established in two animal models,
the briard dog, a canine species with a spontaneously occurring RPE65 mutation, and both a
spontaneously occurring and a genetically-engineered mouse, the Rpe65-/- knockout. In
canine studies of lCA2, an adeno-associated virus (AAv) vector containing RPE65 comple-
mentary dNA (transgene) was injected into the subretinal space of one eye. functional analy-
sis revealed restoration by electroretinography, pupillometry and visual behavior studies.
similar results were obtained in mouse models.  Twelve individuals were enrolled in phase I/II
clinical trials, and were subretinally injected with an AAv vector carrying the wildtype human
RPE65 gene (AAv2-hRPE65v2) in a dose escalation study. subjects underwent both subjective
and objective testing at baseline and in follow-up visits. In the subsequent readministration
study, the contralateral eyes were also injected, with similar testing protocols as the initially
tested eye.

Results: AAv2-hRPE65v2 was well tolerated and subjects demonstrated sustained improve-
ment in subjective and objective measurements of vision (ie, dark adaptometry, pupillometry,
electroretinography, nystagmus, and ambulatory behavior). The greatest degree of improve-
ment was seen in children, all of who gained ambulatory vision. subjects that received read-
ministration in their contralateral eye, also showed similar improvements on both subjective
and objective testing. 

Conclusions: The use of AAv-mediated gene therapy for treatment of inherited retinal dis-
eases has been shown to be safe, and efficacious. The stability of the improvement in vision in
subjects appears to be sustained within the current study period. 
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Gene therapy for choroideremia

Markus Groppe1, 2, 3, Robert E. MacLaren1, 2, 3

1Nuffield Laboratory of Ophthalmology, University of Oxford, Oxford; 2Oxford Eye Hospital, Oxford
University Hospitals NHS Trust, Oxford; 3Moorfields Eye Hospital London

Purpose: To report the results of a gene therapy clinical trial using an adeno-associated viral
(AAv) vector encoding Rab escort protein (REP)1 in six patients with a diagnosis of choroi-
deremia. 

Methods: Patients with genetically confirmed diagnosis of choroideremia underwent pre and
postoperative visual function assessment and anatomical changes were assessed with OCT.
The gene was delivered by subretinal injection of an AAv viral vector. 

Results: The surgical procedure did not cause any adverse events. six months after surgery,
the visual acuity improved by two lines and four lines in the two patients in whom vA was less
than 6/12 at baseline. vA returned to within one line of baseline in the other four patients.
despite undergoing foveal detachment, the mean retinal sensitivity of functional retinal areas
across the cohort was 7.74 db before surgery. The sensitivity was unchanged 1 month after sur-
gery (7.54 db) but improved to 8.85 db 6 months after surgery. The OCT examination showed
complete absorption of the vector one day after surgery and no significant structural changes
at 1 m and 6 m.

Conclusions: The recovery of vA and retinal sensitivity after foveal detachment in our study
suggest that this method of treatment does not bear any adverse effects. furthermore in
patients with advanced disease an early improvement in function was noted.
The sustained improvements seen show the potential of gene replacement therapy when
applied before the onset of foveal thinning and validate the concept of subretinal gene deliv-
ery predicted by the preclinical studies over recent years.



19

Targeted nanoparticles

Robert Hennig, Alexandra Haunberger, Achim Goepferich

University of Regensburg, Department of Chemistry and Pharmaceutical Sciences,
93040 Regensburg, Germany
http://pharmtech.ur.de
achim.goepferich@chemie.uni-regensburg.de

Purpose: When drugs fail to reach their target in the organism due to unfavorable physico-
chemical properties it is an option to load them on nanoparticles to overcome these limita-
tions. by making such drug loaded colloids we trade the drugs’ physicochemical properties
against that of the colloidal particles. While this strategy alone is sufficient to overcome the
problem in some disease areas, nanoparticles may not even recognize their target cell or inter-
act with it in others. This is also true for nanoparticles intended to be used for the therapy of
retinal diseases such as wet age-related macular degeneration (wet AMd) and proliferative dia-
betic retinopathy (PdR). One option to overcome this limitation is to design the nanoparticle
corona such that it interacts directly with the target cell. The intention of our work is to explore
the feasibility of designing colloidal medicines that allow intravenous administration for the
treatment of wet AMd and PdR in the future.

Methods: We designed quantum dot nanoparticles that are able to target the αvß3 integrin
receptor or the angiotensin II receptor type 1 (AT1R). To this end we immobilized a cyclic RGd
peptide or EXP3174, an AT1R antagonist, on the particle surface. We tested their avidity for
the targeted receptors on endothelial cells in vitro. Their ability to bind to retinal endothelial
cells in vivo was investigated by injection of the particles in the tail vein of mice.

Results: In vitro we found that both particle species bind to endothelial cells via a receptor- spe-
cific interaction with high avidity. Concomitantly we noticed that the particles bind in a multiva-
lent way to the cells and are hard to displace once they adhere to their target cell. In vivo we
could demonstrate that the particles bind to endothelial cells of the choroid as well as of
intraretinal blood vessels. 

Conclusion: ligand decorated nanoparticles allow for the specific binding of particles to
endothelial cells. for the therapy of PdR or wet AMd such particles could either be used for
blocking disease relevant receptors or for the delivery of antiangiogenic drugs. 
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Perception with visual prosthetics

Michael Bach1 and Robert Wilke 2

1Klinik für Augenheilkunde, Universität Freiburg, 2Augenklinik Dresden-Friedrichstadt

visual prosthetics gives us the exciting option to bypass pathologic structures (e.g. photore-
ceptors) and stimulate the visual pathway electrically. To what degree can this replace physio-
logical processing? We will discuss some thoughts on this, starting from the notion that “the
eye is not a digital camera”.

The basic principle of electric stimulation is subject to the constraints of the achievable grain
in potential field distribution. Calculations on possible local field gradients reveal marked con-
straints on local resolution as will be demonstrated by simulation results.

The resolution of stimulation is, naturally, limited by electrode count and also by spatio-tem-
poral electric field constraints. Thus spatial aliasing needs to be taken into account: In human
eyes, the optical resolution – as constrained by both refractive aberrations, and diffraction due
to the finite pupil aperture – matches the receptor mosaic’s resolution harmoniously; thus
physiological aliasing has only been found in the mid periphery. With prosthetic devices, it
will be necessary to match optics to electric resolution, possibly by purposefully degrading
the optics.

furthermore, temporal aliasing is also expected: rods have their Cff at 20 Hz, cones at 50 Hz,
while typical chip sampling currently occurs below 10 Hz. This poses obvious limitations on
flicker resolution, but also on motion perception, especially with high-frequency targets.

One physiologic concern is the summary stimulation of the on/off channels in the retina.
While these two systems are stratified, current methodologies do not stimulate them differen-
tially. simultaneous stimulation of these two channels, which physiologically are operated in a
push-pull mode will markedly alter the ganglion cell output pattern – it will have to be tested
experimentally to what degree higher order perceptual mechanisms can deal with this, and to
what degree filling in and gestalt perception is possible.

Quantitative assessment of the initially ultra-low vision to be expected with visual prosthetics
is available. At the very low end, for instance, the balM (“basic quantitative assessment of
visual performance in patients with very low vision”) test provides a monotonous measure of
function starting at light Perception. It is based on basic visual dimensions, derived from tex-
ture segregation, taking into account that there is more to vision than acuity. In the region of
Hand Movement and higher there is an overlap of balM and frACT (freiburg Acuity and Con-
trast Test), together providing continuous vision measures up to normal acuity.
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Reconstructing the retina: Connectomics of the inner plexiform
layer

Moritz Helmstaedter

Structure of Neocortical Circuits Group, Am Klopferspitz 18, 82152 Munich-Martinsried, Germany
mhelmstaedter@neuro.mpg.de; www.neuro.mpg.de/helmstaedter

The mapping of neuronal connectivity is one of the main challenges in neuroscience. Only
with the knowledge of wiring diagrams is it possible to understand the computational capaci-
ties of neuronal networks, both in the sensory periphery, and especially in the mammalian
cerebral cortex. Our methods for dense circuit mapping are based on 3-dimensional electron
microscopy (EM) imaging of tissue, which allows imaging nerve tissue at nanometer-scale res-
olution across substantial volumes (typically hundreds of micrometers per spatial dimension)
using serial block-face scanning Electron Microscopy (sbEM). The most time-consuming
aspect of circuit mapping, however, is image analysis; analysis time far exceeds the time need-
ed to acquire the data. Therefore, we developed methods to make circuit reconstruction feasi-
ble by increasing analysis speed and accuracy, using a combination of crowd sourcing and
machine learning. We have applied these methods to circuits in the mouse retina, mapping
the complete connectivity graph between almost a thousand neurons, and we are currently
improving these methods for the application to neuronal circuits in the neocortex using auto-
mated image analysis, together with online science games. 

References:
Helmstaedter M., briggman K.l., Turaga s., Jain v., seung H.s., denk W. (2013; Connectomic

reconstruction of the inner plexiform layer in the mouse retina. Nature 500:168-174. 
Helmstaedter M. (2013); Cellular-resolution connectomics: Challenges of dense neural circuit re -

con struction. Nat Methods 10:501-7. 
denk W., briggman K.l., Helmstaedter M. (2012); structural Neurobiology: Missing link to a

mechanistic understanding of neural computation. Nat. Rev. Neuroscience 13:351-358. 
briggman K.l., Helmstaedter M., denk W. (2011); Wiring specificity in the direction-selectivity cir-

cuit of the retina. Nature 471:183-188. 
Helmstaedter M., briggman K.l., denk W. (2011); High-accuracy neurite reconstruction for high-

throughput neuroanatomy. Nat Neurosci 14:1081-1088.



Restoring vision by using microbial opsins

Jens Duebel

Institut de la Vision, Paris

The insertion of light-sensitive microbial opsins into retinal neurons is a promising approach
to restore vision in retinal degenerative diseases, such as Retinitis pigmentosa. In this disease, rod
photoreceptors degenerate early, whereas light-insensitive, morphologically altered cone pho-
toreceptors persist longer. To restore vision in mouse models of Retinitis pigmentosa, we geneti-
cally targeted a light-activated chloride pump (halorhodopsin) to light-insensitive cone pho-
toreceptors by means of adeno-associated viruses (AAvs). These re-sensitized photore ceptors
are able to drive sophisticated retinal image processing, activate neuronal networks in the visu-
al cortex, and mediate visually guided behaviors. In human ex vivo retinas, halo rhodopsin can
reactivate light-insensitive photoreceptors. using OCT imaging, we identified blind patients
with persisting cones for potential halorhodopsin-based therapy. Currently, we are testing our
AAv vectors in the monkey retina. In a first round of experiments, macaque eyes were injected
sub-retinally with an AAv vector encoding GfP under control of a cone specific promotor. These
retinas displayed strong fluorescence in cone photoreceptors. No off-target expression was
observed, indicating high specificity of the vector in the primate retina. 
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Vision without a fovea: Results of training eccentric fixation in
AMD patients

Mark W. Greenlee

University of Regensburg

Hereditary and age-related forms of macular dystrophy (Md) lead to loss of cone function in
the fovea, resulting in central scotoma and eccentric fixation at the so-called preferred retinal
locus (PRl). We investigated whether perceptual learning enhances visual abilities at the PRl.
We also determined the neural correlates (3-Tesla fMRI) of learning success. Twelve Md
patients (eight with age-related macular dystrophy, four with hereditary macular dystrophies)
were trained on a texture discrimination task (TdT) over six days. Patients underwent three
fMRI sessions (before, during and after training) while performing the TdT (target at PRl or
opposite PRl) with monocular viewing. Reading speed, visual acuity (vernier task) and con-
trast sensitivity were also assessed before and after training. All but one of the patients
showed improved performance (i.e. significant change in stimulus onset asynchronies, hit
rates and reaction times) on the TdT. Eight patients also showed moderate increases in read-
ing speed, six patients showed improved thresholds in contrast sensitivity and nine patients
showed improved thresholds in a vernier visual acuity task after perceptual learning. We
found an increase in bOld response in the projection zone of the PRl in the primary visual
cortex in nine of twelve patients after training. The change in fMRI signal correlated (r = .8;
p = .02) with the patients’ performance enhancements when the target was in the PRl. The
results suggest that perceptual learning can enhance eccentric vision and cortical processing
in Md patients.
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The drusen component Apolipoprotein E interacts with
Complement Component C1q 

Susanne Ackermann1 and Christine Skerka1

1Department of Infection Biology, Leibniz Institute for Natural Product Research and Infection
Biology, Jena, Germany

Purpose: Age-related macular degeneration (AMd) is a frequent, complement associated dis-
ease in elderly people. It is characterized by an irreversible loss of vision which is caused by the
degeneration of retinal pigment epithelial (RPE) cells. Characteristic for AMd is the appear-
ance of extracellular cell debris, called drusen which induce a state of chronic inflammation.
drusen are composed of many different proteins and lipids, including lipoproteins like
apolipoprotein E (ApoE), amyloid-beta peptides (Aβ) and proteins of the complement system.
ApoE, a lipid transport protein, is genetically linked to AMd, however the role of ApoE in AMd
is still unclear. The human ApoE exists in three isoforms which differ in two amino acids, Arg
and Cys, at the positions 112 and 158. A pooled studies analysis found the E4 haplotype to be
associated with a decreased risk of late AMd, whereas E2/E2 homozygous individuals carried a
significantly increased risk of late AMd. A previous study demonstrated that ApoE deficient
mice had a decrease in cell number and cell layer thickness in the retina, indicating degenera-
tion of retinal cell layers. This leads to the assumption that the high occurrence of ApoE in
drusen is caused by its function to clear the extracellular debris and to protect the RPE cells
from complement mediated damage. To study the role of ApoE isoforms in AMd pathology,
binding of ApoE to complement proteins was characterized. 

Methods: A complement activation assay based on an enzyme-linked immunosorbent assay
(ElIsA) was used to investigate Aβ activation of the classical or alternative complement path-
way. In addition binding and binding conditions of ApoE isoforms to divers complement pro-
teins were evaluated. 

Results: NHs incubated with Aβ leads predominantly to the activation of the classical path-
way. ApoE in all three isoforms bind to C1q, the recognition molecule of the classical pathway,
in a calcium dependent manner. 

Conclusion: The ability of Aβ to activate especially the classical pathway of the complement
system suggests that also the classical complement pathway contributes to AMd. This is sup-
ported by the identification of ApoE, which is a substantial part of drusen material, as a ligand
of C1q, the central component of the classical pathway. The data provide evidence that ApoE
and its isoforms are involved in classical pathway activation. 
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Neuroprotective effect of encapsulated human stem cells in
retinal organ cultures of the P23H rhodopsin transgenic rat

Blanca Arango-Gonzalez1; Michelle Dierstein1; Christine Wallrapp²; Stefanie M. Hauck³,
Marius Ueffing1

1 Institute for Ophthalmic Research, Centre for Ophthalmology, Eberhard Karls-Universität Tübin-
gen, Tübingen, Germany; 2 CellMed, BGT International Group, Alzenau, Germany; 3 Research Unit
Protein Science, Helmholtz Zentrum München, Neuherberg, Germany

Purpose: The aim of this study was to evaluate whether basic human mesenchymal stem cells
(hMsC) or glucagon-like peptide-1 (GlP1) expressing hMsCs, encapsulated in alginate spheres,
have a neuroprotective effect on the explanted retina of P23H rhodopsin transgenic rats.

Methods: Retinas from P23H and wild type sprague dawley (sd/Cd) rats together with the
attached pigment epithelium were used to generate explants as previously described
(Arango-Gonzalez et al. IOvs, 2010). To evaluate the effect of hMsC and GlP-1 encapsulated
cells (cell beads), two different paradigms were used: (1) short-term cultures: Retinas were
prepared at postnatal day 9 (PN9) and allowed to develop in organ culture for 6 days (dIv6)
and (2) long-term cultures (PN10 dIv20). Cultures were treated by the presence of 1, 5 or 25
hMsC or GlP-1 cell beads during the whole in vitro phase. As control, explants were cultured
with empty alginate beads. After fixation, cultured retinas were examined by conventional
histological techniques and TuNEl staining. 

Results: both groups, hMsC and GlP-1 treated retinas, showed a significantly decreased num-
ber of TuNEl positive cells in the photoreceptor cell layer in the short term explants when
compared with control P23H untreated retinas. In harmony with these results, long term P23H
cultures treated with hMsC or GlP-1 cell beads, revealed an increased number of photorecep-
tor cells, as detected by quantification of cell rows in the outer retina. After treatment, P23H
retinas presented similar values of TuNEl positive cells and photoreceptor rows as the wild
type controls. No significant differences were observed between hMsC and GlP-1 treatments.

Conclusions: Application of alginate-encapsulated hMsC or GlP-1 cells in organ cultures of
the P23H retinal degeneration model resulted in a significant increase of photoreceptor cell
survival. since encapsulated hMsC are able to produce physiologic combinations of bioactive
compounds, our results confirm their potential for sustained therapeutic use in patients with
hereditary retinal degeneration.
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In-depth characterisation of retinal pigment epithelium (RPE)
cells derived from human induced pluripotent stem cells (iPSC)

Brandl C.1,2, Zimmermann S.1, Milenkovic V. M.3, Rosendahl S.1, Grassmann F.1, Milenkovic A.1,
Hehr U.1, Federlin M.4, Wetzel C. H.3, Helbig H.2, Weber B.H.F.1

1 Institute of Human Genetics; University of Regensburg, Regensburg, Germany; 2 Department of
Ophthalmology; University Hospital Regensburg, Regensburg, Germany; 3 Department of Psychia-
try and Psychotherapy; Molecular Neuroscience; University of Regensburg, Regensburg, Germany;
4 Department of Conservative Dentistry and Periodontology, University Hospital Regensburg,
Regensburg, Germany

Purpose: To establish and comprehensively characterise retinal pigment epithelium (RPE) cells
derived from adult human dermal fibroblasts via induced pluripotent stem cell (iPsC) technology.

Materials and Methods: Adult human dermal fibroblast cultures were established from skin
biopsy material and subsequently reprogrammed following polycistronic lentiviral transduction
with OCT3/4, sox2, Klf4 and l-Myc. Chromosomal integrity was assessed by karyotyping. RPE cell
differentiation was achieved by induction with RPE medium enriched for nicotinamide and Activin
A. After 8 weeks, pigmented clusters of RPE cells were manually excised and subcultured. Human
iPsCs were characterised by RT-PCR expression of specific stem cell markers and immunofluores-
cence. IPsC-derived RPE cells were characterised by RT-PCR expression of mature RPE markers,
confocal microscopy, scanning electron microscopy (sEM) and functional analysis, the latter
including feeding experiments with porcine photoreceptor outer segments (POs) and measure-
ments of transepithelial resistance (TER).

Results: fibroblast-derived human iPsCs showed typical morphology and regular karyograms.
furthermore, they revealed distinctive stem cell marker properties based on RNA- and protein-
expression profiling. subsequently, human iPsCs were differentiated into pigmented clusters rem-
iniscent of RPE cells. These cells maintained typical hexagonal RPE-morphology during subcultiva-
tion. starting at passage 6 replicative senescence increased. RNA expression of mature PRE
markers RPE65, RlbP and bEsT1 were found in comparison to human iPsCs. Confocal microscopy
demonstrated localisation of bEsT1 at the basolateral plasma membrane while sEM demonstrated
typical microvilli at the apical side of RPE cell. With regard to functional aspects, iPsC-derived RPE
cells phagocytosed and shredded POs. finally, TER measurements showed a significant increase
and maintained high levels of TER indicating functional formation of tight junctions.

Conclusion: Our data demonstrate the successful reprogramming of human adult skin biopsy-
derived fibroblasts to iPsCs and their differentiation to RPE cells structurally and functionally high-
ly reminiscent of true native RPE cells. This will allow a broad application to establish cellular mod-
els for RPE-related human diseases.
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Complement component C5a primes the NLRP3 inflammasome in
RPE cells

Carolina Brandstetter, Susannah M. Spieker, Andrea V. Hoffmann, Lena K. M. Mohr, Frank G. Holz,
Tim U. Krohne

Experimental Ophthalmology, Department of Ophthalmology, University of Bonn, Bonn,
Germany; Email: krohne@uni-bonn.de; Web: www.experimental-ophthalmology.uni-bonn.de

Purpose: Photooxidative damage of the retinal pigment epithelium (RPE) is associated with the
pathogenesis of age-related macular degeneration (AMd). In addition, involvement of a chronic
immune response in the sub-RPE space including activation of the complement system has been
demonstrated. To identify a molecular link between these mechanisms we investigated the capa-
bility of activated complement components to prime RPE cells for activation of the NlRP3 inflam-
masome by lipofuscin phototoxicity.

Methods: lipofuscinogenesis was induced in primary human RPE cells and ARPE-19 cells by incu-
bation with isolated photoreceptor outer segments following modification with lipid peroxidation
products. for inflammasome priming, lipofuscin-loaded cells were incubated in serum-free media
or media supplemented with full human serum, C5-deficient serum, or isolated C5a. specific C5a
receptor (Cd88) antibodies were used to block C5a binding. Control cells were primed with Il-1α.
following priming, cells were irradiated with blue light for up to 6 hours. NlRP3 inflammasome
activation was assessed by measuring Il-1β and Il-18 secretion. Pyroptotic cell death was ana-
lyzed using ldH release assay, TuNEl staining, and dNA/histonespecific ElIsA.

Results: Priming of RPE cells with full human serum or isolated complement component C5a
resulted in a lipofuscin load- and light dose-dependent activation of the NlRP3 inflammasome
with secretion of Il-1β and Il-18. Complement heat-inactivation, C5 depletion, or C5a receptor
inhibition suppressed the priming effect of human serum. specific inhibition of caspase-1 or
cathepsin b, l, or d likewise prevented NlRP3 activation. Inflammasome activation was followed
by RPE cell death by pyroptosis as identified by morphological and molecular characteristics.

Conclusions: Complement component C5a is capable of providing the priming signal for subse-
quent activation of the NlRP3 inflammasome by phototoxic effects of lipofuscin. This molecular
pathway may represent a functional link between hallmark features of AMd such as lipofuscin
accumulation, photooxidative damage, chronic immune response, and progressive degeneration
of the RPE and may provide a novel target for therapeutic intervention in AMd.

Support: Pro Retina Research foundation (grant Krohne-brandstetter. 1-2012); German Research
foundation (dfG, grant KR 2863/7-1); German Ophthalmological society (dOG): university of
bonn bONfOR Program and sciMed Program; dr. Eberhard und Hilde Rüdiger foundation
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Nerve growth factor inhibits osmotic swelling of rat Müller glial
and bipolar cells by inducing glial cytokine release

Andreas Bringmann1, Tarcyane Barata Garcia 2,3, Thomas Pannicke 2, Antje Grosche 4 ,
Benjamin-Andreas Berk 2,5, Peter Wiedemann1, Andreas Reichenbach 2

1 Dep. of Ophthalmology and Eye Hospital, University of Leipzig, Leipzig, Germany; 2 Paul Flechsig Insti-
tute of Brain Research, University of Leipzig, Leipzig, Germany; 3 Institute of Biological Sciences, Federal
University of Pará, Belém, Brazil; 4 Institute of Human Genetics, University of Regensburg, Regensburg,
Germany; 5 Institute of Veterinary Anatomy, Faculty of Veterinary Medicine, University of Leipzig,
Leipzig, Germany

Aim: In addition to vascular hyperpermeability, water accumulation in neurons and glial cells result-
ing in cellular swelling may contribute to the development of retinal edema and neuronal degenera-
tion in ischemic and inflammatory retinal diseases. Nerve growth factor (NGf) was shown to control
the neuronal survival in the retina via activation of high-affinity TrkA receptors, that transmit prosur-
vival signals, and low-affinity p75 neurotrophin receptors (p75NTR) that transmit antisurvival signals.
We determined whether NGf inhibits the osmotic swelling of rat retinal Müller glial and bipolar cells. 

Methods: swelling of Müller and bipolar cell somata was induced by superfusion of freshly iso-
lated retinal slices or cells with a hypoosmotic solution (60% osmolarity) containing barium
chloride (1 mM) for 4 min. freshly isolated Müller and bipolar cells were immunostained for TrkA
and p75NTR. Retinal ischemia was induced in one eye of the animals by increasing the intraocular
pressure for 60 min; the animals were killed 3 d later. 

Results: NGf inhibited the osmotic swelling of Müller and bipolar cell somata in slices of control and
postischemic retinas. On the other hand, NGf prevented the swelling of freshly isolated Müller cells,
but not of isolated bipolar cells. This suggests that NGf induces a release of factors from Müller cells
that inhibit the swelling of bipolar cells in retinal slices. The inhibitory effect of NGf on Müller cell
swelling was mediated by activation of TrkA, but not p75NTR, and was prevented by a blocker of
fibroblast growth factor (fGf) receptors. bfGf fully prevented the osmotic swelling of freshly isolated
Müller cells, but inhibited only in part the swelling of isolated bipolar cells. In addition to bfGf, GdNf
and TGf-β1, but not EGf and PdGf, reduced in part the swelling of bipolar cells. both Müller and bipo-
lar cells displayed TrkA immunoreactivity, while Müller cells were also immunostained for p75NTR. 

Conclusion: The data may suggest that the neuroprotective effect of NGf in the retina is in part
mediated by the prevention of the cytotoxic swelling of glial and bipolar cells. The data also suggest
that glial TrkA, but not TrkA expressed by bipolar cells, is coupled to cell volume-regulatory intracel-
lular signaling mechanisms. The inhibitory effect of NGf on the osmotic swelling of bipolar cells in
retinal tissues is mediated by inducing a release of cytokines, possibly bfGf, GdNf, and TGf-β, from
Müller cells. 
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Osmotic induction of complement factor C9 in retinal pigment
epithelial cells: inhibition by vegetable polyphenols

Rui Chen1, Charlotte Ackmann1, Margrit Hollborn1, Peter Wiedemann1, Andreas Bringmann1,
Leon Kohen1,2

1Department of Ophthalmology and Eye Hospital, University of Leipzig, Leipzig, Germany
2 Helios Klinikum Aue, Aue, Germany

Purpose: Polymorphisms of genes of various complement factors affect the risk of age-relat-
ed macular degeneration. A further risk factor is systemic hypertension. High intake of dietary
salt results in elevation of the blood osmolarity and thus in elevated blood pressure. We deter-
mined the effect of hyperosmolarity on the expression of complement factors in cultured
human retinal pigment epithelial (RPE) cells. 

Methods: Hyperosmolarity was induced by addition of 100 mM NaCl or 100 mM sucrose to
the culture medium. Hypoosmolarity (60 % osmolarity) was induced by addition of distilled
water. Alterations in gene expression were determined by real-time RT-PCR. The intracellular
protein level was determined with Western blot analysis. 

Results: RPE cells expressed various complement factors including C3, C5, C9, CfH, and Cfb.
Hyperosmotic media increased highly the gene expression of the complement factor C9
whereas the expression of the other complement factors displayed small or no alterations.
Hypoosmolarity induced a small transient increase of C9 mRNA. In addition, CoCl2 (150 µM)-
induced hypoxia and H2O2 (20 µM)-induced oxidative stress stimulated the gene expression
of C9. various inflammatory and growth factors including vEGf, PdGf, TGf-β1, Il-1β, TNfα,
and thrombin induced either no alteration or a decrease in the expression of C9. The hyperos-
motic gene expression of C9 was mediated by transcription; the stability of C9 mRNA was not
altered by hyperosmolarity. The hyperosmotic expression of C9 was dependent on the activa-
tion of p38 MAPK, ERK1/2, JNK, and PI3K signal transduction pathways, as well as of sTAT3.
various vegetable polyphenols including apigenin, myricetin, luteolin, and quercetin inhibit-
ed the hyperosmotic induction of C9. 

Conclusions: The data suggest that the gene expression of C9 in RPE cells is relatively specifi-
cally induced by hyperosmolarity, hypoxia, and oxidative stress. It is suggested that the
increase in C9 mRNA may play a role in the regulation of the transcriptional and/or transla-
tional activities in RPE cells in response to pathological conditions. 
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In vivo improvement in visually guided behaviour following
transplantation of ex-vivo genetically modified photoreceptor
precursors 

Alona O. Cramer, Mandeep S. Singh, Michelle E. McClements, Robert E. MacLaren

Purpose: Retinitis pigmentosa (RP) is one of the primary causes of inherited retinal blindness,
affecting more than 15 million people worldwide. In this disease an initial loss of rod photore-
ceptors leads to a cellular cascade that promotes a secondary degeneration of cone photore-
ceptors. stem cells and rod photoreceptor precursor cells (PPC) have been widely researched
as candidates for cell replacement in RP. Patient-specific induced pluripotent stem cells (iPsc)
could provide an autologous expandable source of cells for transplantation. However, the use
of patient-derived iPsc would require that the disease-causing mutation be repaired ex vivo
before cells are transplanted. Ex-vivo gene therapy of PPC and subretinal transplantation of
modified cells are here studied in rhodopsin knockout (Rho-/- ) mice.

Methods: Rod PPC were dissociated from Rho-/-Tg Nrl.EGfP+ mice, where green fluorescent pro-
tein (GfP) is expressed specifically in rod photoreceptors. PPC were cultured and transfected
in vitro using serotype 2 recombinant adeno-associated virus (rAAv2 Y444f) vector carrying
the Rhodopsin gene and a dsRed florescent reporter. Magnetic assisted cell sorting was per-
formed to enrich rod PPC via the cell surface antigen Cd73 and repeated washing steps were
performed to remove free AAv particles. Cells were subretinally transplanted into the degen-
erate retinae of adult Rho-/- mice and in vivo assessment was carried out three weeks post
transplantation.

Results: A reliable cell culture system was achieved by use of supplemented neuronal growth
media and incubation at 34° C. Transfection of PPC was achieved ex-vivo by a florescent
reporter rAAv2 and dissociated cell cultures were enriched to over 80 % Nrl.GfP+ rod PPC
prior to transplantation. In vivo testing revealed an improvement in behaviour following
transplantation of ex-vivo modified cells and survival of co-labelled Nrl.GfP+/dsRed+ cells in
the subretinal space was observed within 21 days. 

Conclusions: Prolonged survival of rod PPC in vitro allowed for a sufficient period of time for
ex vivo assessment of gene therapy before transplantation. Our results show successful trans-
plantation of genetically modified rod cells in a murine model of retinal disease and afford a
foundation for the development of ex vivo gene therapy in human photoreceptor precursors
derived from autologous iPsC.
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In vivo imaging of microglia in choroidal neovascularizaton

Crespo-Garcia S.1, Email: sergio.crespo-garcia@charite.de,
Skosyrski S.1, Maier A. K.1, Joussen A.1, Strauß O.1

1Charité Universitätsmedizin Berlin

Purpose: Microglia coordinates pathological events in the retina. In order to assess microglia
contribution in choroidal neovascularization (CNv) events, we used in vivo imaging to study
changes in the microglia population of the retina. 

Methods: Csf1r-EGfP mice provide a suitable model for studying macrophage-lineage cells
due to their easy fluorescent visualization both in vivo and in situ. CNv was induced by laser
lesions in triplicate following a straight line pattern and avoiding main vessels (Argon ion
laser: 150 mv, 0.1 sec, 50 μm). The microglia status was monitored at stages: d0, d1, d4, d7
and d14 using a laser scanner ophthalmoscope (lsO) to detect microglia fluorescence. As a
standard procedure, at d14 eyes were enucleated and retinas collected for flat-mount prepa-
ration. In situ analysis of the vessels was assessed by isolectin b4 staining.

Results: In situ, we observed a defined population of microglia lying on the main large vessels
of the retina. lsO allowed us to distinguish different microglia phenotypes: ramified (survey-
ing), transitional (activated) and ameboid (activated). The follow-up analysis was performed
by quantification of activated microglia separate at OPl and IPl, revealing OPl as the layer
significantly holding the biggest amount of ameboid-like cells. We didn’t detect significant
levels of activated cells between 30-60 minutes directly after laser injury. However, the num-
ber of activated microglia rose after 24 hours, which level was maintained at least until 4 days
after it decreased conserving high numbers by the time until 14 days after.

Conclusions: We concluded that there is a subpopulation of microglia lying on vessels which
is probably activated for angiogenesis. After laser injury there was no acute reaction, but it
appeared after 24 hours and sustained over 14 days, starting prior to new blood vessel forma-
tion (d7). Thus, microglia suggests playing an active role in CNv formation.  

This research was made possible by a Marie Curie grant from the European Commission in the
framework of the REvAMMAd ITN (Initial Training Research network), Project number 316990.
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Loss of acid sphingomyelinase activity causes changes in retinal
microglial morphology and microglial function in mice

Dannhausen K.1, Karlstetter M.1, Caramoy A.1, Utermöhlen O. 2, Langmann T.1

1 Department of Ophthalmology, University of Cologne, Cologne, Germany; 2 Institute for Medical
Microbiology, Immunology and Hygiene, and Center of Molecular Medicine, Medical Center,
University of Cologne, Cologne, Germany

Background: Niemann Pick disease type A and b are lysosomal storage disorders which are
caused by loss of function mutations in the acid sphingomyelinase (asMase) encoding gene
causing symptoms like hepatosplenomegaly and rapid neurodegeneration. Intracellulary loss
of asMase avtivity in asMase-KO mice leads to an accumulation of sphingolipids in lysosomes,
especially in macrophages. because microglial cells are critically involved in retinal health we
aimed to determine the consequence of asMase deficiency in these immune cells.

Methods: spectral-domain optical coherence tomography (sd-OCT) and infrared fundoscopy
(IR) were used to characterize the integrity of the asMase-deficient retina. furthermore retinal
whole-mounts and cross-sections of asMase-KO mice were performed to determine the local-
ization and immune status of retinal microglial cells ionized calcium-binding adapter mole-
cule 1(Iba1) and translocator protein (18kda) (TsPO) immunostaining. Intracellular accumula-
tion of lipids was determined by Nile red and filipin III staining.  

Results: Although sd-OCT showed no changes in architecture of retinal layers, IR fundoscopy
revealed an increased number of hyperreflective spots in the ganglion cell layer of the retina
of asMase deficient mice. Histological examination of Iba1-stained whole-mounts and retinal
cross-sections showed equal distribution of microglia throughout the retina. However, we
detected an increased microglial cell number with significantly enlarged cell bodies in the
asMase-deficient retina. specifically, asMase-decifient microglial cells showed enhanced pro-
liferation and elevated expression of TsPO which points towards increased microglial reactivi-
ty. These microglial cells also displayed strong accumulation of lysosomal lipids as detected
by Nile red and filipin III staining. 

Conclusion: These results suggest that asMase-deficiency and hence lipid disturbed metabo-
lism affect the morphology and function of microglia in the retina. further experiments are
necessary to prove that the enhanced lipid accumulation limits microglial function such as the
phagocytic clearance of retinal debris.
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Unveiling biochemical and physiological consequences of cone
dystrophy-related mutations in GCAP1

Daniele Dell’Orco1*, Valerio Marino1, Stefan Sulmann 2, Patrick Zägel 2 and Karl-Wilhelm Koch 2

1 Dept. of Life Sciences and Reproduction, Section of Biological Chemistry and Centre for Biomed-
ical Computing, University of Verona, 37134 Verona, Italy; 2 Dept. of Neurosciences, Biochemistry
Group, University of Oldenburg, 26111 Oldenburg, Germany

Purpose: Cone dystrophies are often associated with altered levels of calcium (Ca2+) and
cyclic GMP (cGMP), the second messengers operating in the phototransduction cascade in
rod and cone photoreceptors. by using a multiscale approach, we investigated the biochemi-
cal and physiological effects of four pathogenic point mutations identified in the guanylate
cyclase-activating protein 1 (GCAP1) leading to the amino acid substitutions E89K, d100E,
l151f and G159v.

Methods: structure-function relationships were studied by biophysical methods, including
circular dichroism to monitor secondary and tertiary structural changes in GCAP1 variants
upon binding of Ca2+ and isothermal titration calorimetry to monitor the thermodynamics of
Ca2+-binding.  Experimental parameters describing the regulation of the target ezyme guany-
late cyclase 1 (GC)  by each GCAP1 variant were incorporated in into a comprehensive kinetic
model of phototransduction, in order to assess the effect of each individual point mutation on
the whole cell response. 

Results: Wild type and cone dystrophy-related point mutations in GCAP1 showed large differ-
ences in Ca2+-binding and GC regulation but, except for E89K, the strucrual effects of all the
tested mutations are minor and involve mostly a slight rearrangement of aromatic residues in
the Ca2+-bound form. system-level modeling suggests that the main effect of all point muta-
tions on the photoresponse kinetics is a perturbation of the photocurrent shape consisting in
increased amplitude and prolonged duration. However, the effect is strongly dependent on
the expression levels of pathogenic GCAP1 forms as compared to the wild-type form.

Conclusion: Our data suggest that a multiscale approach combing biochemistry, biophysics
and systems biology strategies allows a deep molecular understanding of dysfunctional states
in photreceptors in cone-dytrophy conditions. In particular, we conclude that the contribu-
tion of GCAP1 to the dynamic synthesis of cGMP in rod cells depends on the expression level
of the wild-type form, and in the case of high expression levels of cone-dystrophy GCAP1
mutants it would not contribute at all to shaping the cGMP rate, which becomes dynamically
regulated solely by the other present Ca2+-sensor GCAP2. 
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Reticular pseudodrusen associated with Bruch’s membrane
pathology in pseudoxanthoma elasticum

Martin Gliem, Robert R. Finger, Frank G. Holz, Peter Charbel Issa*

Department of Ophthalmology, University of Bonn, Germany

Purpose: To describe the phenotype, prevalence and topographic distribution of reticular
pseudodrusen (RPd) in patients with Pseudoxanthoma elasticum (PXE) and their association
with bruch’s membrane (bM) pathology.

Methods: diagnosis of PXE was based on ophthalmologic examination, skin biopsy and/or
genetic testing. Presence and phenotypic characteristics of RPd were investigated using a
confocal scanning laser ophthalmoscope (spectralis HRA-OCT, Heidelberg Engineering, Ger-
many). The multimodal imaging approach included near-infrared (NIR) reflectance, fundus
autofluorescence (fAf), spectral domain optical coherence tomography (sd-OCT) and late-
phase indocyanin green angiography (ICG-A). The distribution of RPd was evaluated based on
9-field NIR reflectance images using a modified Early Treatment diabetic Retinopathy study
grid.

Results: A total of 54 patients were examined. RPd were detected in 41% of PXE patients.
Mean age of patients with RPd was 51 ± 7 years (range: 41–63 years). Prevalence of RPd was
highest in the 4th decade with up to 70 %. RPd appeared as network of round to oval lesions
which were hyporeflective on IR and hypoautofluorescent on fAf images. sd-OCT showed
characteristic subretinal deposits anterior to the RPE layer. RPd were most frequently located
within the superior quadrant (95.6%) and least frequent within the central macula (4.3%). RPd
were always located central to areas with peau d’orange and within an area of hypofluores-
cence on ICG-A-late phase images. 

Conclusions: RPd have a high prevalence in eyes of PXE patients. Although RPd in PXE
patients occur at younger age, their distribution and phenotype appear to be similar to RPd
associated with age-related macular degeneration (AMd) using imaging modalities relevant
for RPd detection. The distribution of RPd followed the peripheral spread of bM pathology in
PXE indicating a possible pathogenetic role for the development of RPd.
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A circulating microRNA profile is associated with age-related
macular degeneration (AMD)

Grassmann F.1, Schoenberger PGA.1, Brandl C.1,2, Meister G.3, Weber BHF.1

1Institute of Human Genetics, University of Regensburg, Germany; 2Department of Ophthalmolo-
gy, School of Medicine; University of Regensburg, Germany; 3Biochemistry Center Regensburg,
Laboratory for RNA Biology; University of Regensburg, Germany

Purpose: Age-related macular degeneration (AMd) is the leading cause of severe vision
impairment among people aged 55 years and older. Although an increasing number of gene
variants are continuously identified to be associated with AMd, so far only few studies have
actually investigated a functional relationship between a gene variant and disease pathology.
In contrast, a biomarker which is dysregulated in disease might point towards processes
involved in the underlying pathogenesis and thus could help to find novel therapeutic tar-
gets. Recently, circulating microRNAs were found in blood serum/blood plasma as potential
novel biomarkers for various diseases. 

Methods: We used high throughput RNA sequencing (RNAseq) to elucidate the role of circu-
lating microRNAs in AMd by genome-wide microRNA expression profiling in a discovery
study. We validated candidate miRNAs in two replication studies by real-time qPCR and per-
formed sensitivity analyses in order to assess the influence of covariates on the association.

Results: We found three microRNAs to be associated with AMd (Padjusted < 0.05). A combined
profile of the three microRNAs had an area under the curve (AuC) value of 0.718 and was high-
ly associated with AMd (P = 2.61*10-4). by performing pathway enrichment analysis on genes
which are predicted to be regulated by these microRNAs, we identified novel pathways
involved in AMd pathology. We found the strongest enrichment of genes in the canonical
TGfβ, mTOR, vEGfA as well as the canonical neutrophin pathway. by combining the genetic
risk score (GRs) and expression data of the strongest associated microRNA, we fitted logistic
regression models with a bootstrapped AuC value of 0.887 (95% CI: 0.882–0.893), which signi -
ficantly improves upon a classification scheme based on genetic factors alone. 

Conclusion: Taken together, our results strongly implicate specific microRNAs as novel bio-
markers involved in AMd disease.

R E T I N A L  D E G E N E R A T I O N
A step back is a step forward

POTSDAM 2014 



R E T I N A L  D E G E N E R A T I O N
A step back is a step forward

POTSDAM 2014 

38

Arl3 rod-specific knockout displays RP-like photoreceptor
degeneration

Christin Hanke1,2, Houbin Zhang 2,3, Jeanne M. Frederick 2, Wolfgang Baehr 2

1 Biochemistry and Biology, University of Potsdam, 14476 Potsdam-Golm, Germany; 2 Ophthal-
mology, University of Utah, Salt Lake City, UT 84132, USA; 3 Sichuan Academy of Medical Sciences
& Sichuan Provincial People’s Hospital, Chengdu, Sichuan, China

Purpose: Arf-like protein 3 (Arl3) is a small GTPase interacting with lipid-binding proteins in
photoreceptors. We generated rod-specific Arl3 knockouts to elucidate the role of Arl3 in
transport of membrane-associated proteins.

Methods: Chimeras containing a gene trap in intron 1 of Arl3 gene were generated at the uni-
versity of utah core using a EuCOMM cell line. breeding with flp mice followed by mating with
iCre75+ transgenic mice generated rod-specific knockouts. Photoreceptor function and mor-
phology were analyzed by ERG and immunohistochemistry. An Arl3-specific polyclonal anti-
body was generated using full-length recombinant Arl3 polypeptide expressed in bacteria.

Results: Immunoblots of WT retina lysates identified 20 kda retina protein which was reduced
significantly in two month-old Arl3flox/flox; iCre75+ retina. Immunohistochemistry revealed Arl3
localization in WT photoreceptor inner segments. Arl3 immunoreactivity was absent in
homozygous rod knockouts, while still present in cones and inner retina. scotopic and pho-
topic ERGs of PN15 rod knockout and wild-type mice had comparable a- and b-wave ampli-
tudes suggesting normal photoreceptor development. At PN15, knockout mice show slightly
shorter ROs compared to wild-type. At PN20, scotopic ERG a-wave amplitudes were reduced
(70–80 %) but the photopic ERG was unaffected. One month-old Arl3flox/flox; iCre75+ mice
showed 80–90 % reduction in a-wave amplitude with only 4-5 rows of nuclei surviving in the
ONl. In retinas of two month-old knockout mice, scotopic ERGs were extinguished and cone
ERGs were highly attenuated. OCT confirmed the rapid loss of photoreceptors in the homozy-
gous rod knockout starting at PN15. Although the Arl3flox/flox; iCre75+ retina fundi were com-
parable to wild-type, one month-old mutant retina was on average 100 µm thinner than its
wild-type counterpart. Immunohistochemistry performed using retina sections of PN15 and
one month-old knockout mice revealed that rhodopsin transport is normal; rhodopsin was
undetectable in two month-old conditional knockout mice due to complete photoreceptor
degeneration. Rod PdE6 and GRK1 mislocalized suggesting trafficking defects.

Conclusion: Rod-specific knockout of Arl3 revealed a rapidly-progressing photoreceptor
degeneration. Rod-specific knockout mice were blind at two months of age. Outer segment
development appeared to be unimpaired by Arl3 deletion and rod photoreceptor function
was normal at P14.
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Early microglial activation and transcriptomic changes in the
mouse retina during Experimental Autoimmune Uveoretinitis
(EAU)

Maren Hennig1 , Marcus Karlstetter 2, Lena Bagnewski1, Rebecca Scholz 2, Dirk Bauer1,
Bernd Kirchhof 2, Solon Thanos3, Thomas Langmann2, Arnd Heiligenhaus1,2,3

1Ophtha-Lab, Department of Ophthalmology at St. Franziskus Hospital, Muenster, Germany;
2Department of Ophthalmology, University of Cologne, Cologne, Germany; 3Department of
Experimental Ophthalmology at University of Muenster, Muenster, Germany

Purpose: To analyze the influence of retinal microglia in the development of Th1 / Th17 driv-
en experimental autoimmune uveoretinitis (EAu) in b10.R III mice.

Methods: b10.RIII mice were immunized by injecting human interphotoreceptor retinoid-
binding protein peptide 161-180 (hIRbPp161-180) in freund´s complete adjuvant and intraperi-
toneal pertussis toxin injection. After funduscopic examination mice were sacrificed 7, 14 or
21 days after EAu induction. untreated mice served as negative controls. sera, eyes, and
spleens were collected. EAu severity was assessed by HE-staining. Presence of hIRbPp161-180

specific serum antibodies were measured by ElIsA. furthermore, antigen-specific prolifera-
tion (Alexa fluor 647; flow-cytometry) and cytokine secretion (direct ElIsA; Il-17, IfNγ, Il-6) of
splenocytes were analyzed. Genome-wide transcriptional profiling of EAu retinas at day 7, 14
and 21 after EAu induction was performed using dNA-microarrays and bioinformatic data
mining. Quantitative real-time PCR was then performed to validate the expression of
microglia-specific genes. To further study the localization and immune status of microglial
cells, we performed Iba1 immunohistochemistry in retinal cross-sections and flat-mount
preparations of murine retinas and retinal pigment epithelium (RPE)/choroid.

Results: Mice developed a hIRbPp161-180 specific Th1 /Th17 cytokine response at day 7 after
EAu Induction but were lacking signs of EAu. EAu was fully developed at day 14 and day 21
after induction accompanied by an increase of hIRbPp161-180 specific proliferation, serum anti-
bodies, and increased levels of Il-17, IfNγ, Il-6 in spleens. Whereas retinal gene expression
was unaltered at day 7, prominent changes in the the retinal transcriptome were identified at
day 14 and day 21. Interestingly, numerous microglia-specific gene clusters were differentially
expressed. Histological analysis revealed the transmigration microglial cells to the subretinal
space at day 7 and the presence of activated microglia in proximity to RPE cells.

Conclusion: This study extends our knowledge about microglial processes during EAu
pathology. The presence of activated microglia in the subretinal space before any signs of
EAu suggests a role of microglial processes in EAu pathogenesis.
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Human opsin-G-protein fusion proteins as potential light sensitizers

Doron G. Hickey1, Steven Hughes1, Wayne I. L. Davies1,2, Robert E. MacLaren1,3,4, Mark W. Hankins1

1 Nuffield Laboratory of Ophthalmology, Department of Clinical Neurosciences, University of
Oxford, Oxford, UK; 2 School of Animal Biology and Oceans Institute, University of Western Aus-
tralia, Perth, WA, Australia; 3 Oxford Eye Hospital, Oxford University Hospitals NHS Trust and NIHR
Biomedical Research Centre, Oxford, UK; 4 Moorfields Eye Hospital NHS Foundation Trust and NIHR
Ophthalmology Biomedical Research Centre, London, UK.

Purpose: Opsins are light-sensitive G-protein coupled receptor proteins, essential for vision, cir-
cadian rhythmicity and eye development. Opsins modify cellular function by activating G-pro-
tein second messenger systems.  Rod and cone opsins activate Gαt, while melanopsin, the opsin
of photosensitive retinal ganglion cells, activates Gαq/11. If inner retinal neurons, such as bipolar
cells, were engineered to become light sensitive, these cells could act as substitute photorecep-
tors in patients who have lost their photoreceptors. 
We have fused human melanopsin to different Gα-proteins to test whether such a fusion modi-
fies the coupling of an opsin to a G-protein second messenger system. such an opsin-Gα-protein
fusion could provide an optogentic tool for restoring sight in humans. 

Methods: Two melanopsin-Gα-protein fusion constructs were cloned into pMT4 by removing
the stop codon from melanopsin and inserting the in-frame coding sequence of either GNAQ
(gene of Gαq) or GNA11 (Gα11). Calcium kinetics were observed using Rhod-2 fluorescent dye.
small interfering RNAs (siRNA) targeting endogenous Gα-protein transcripts (including GNAQ
and GNA11) were applied to HEK293T cells expressing wild type melanopsin and melanop sin-
Gα-protein recombinant protein to determine the relative importance of the fused Gα-protein to
activating the intracellular signalling cascade. 

Results: Melanopsin-Gαq/Gα11 fusion proteins exhibited a similar response rate (41 % and 40 %,
respectively) and time course of calcium kinetics compared to non-fused melanopsin (48 %; no
statistically significant differences between groups on ANOvA with post hoc Tukey Hsd). using
siRNA to knock down endogenous levels of Gα-proteins in HEK293T cells showed melanopsin-
Gα-protein fusion transfected cells to have a higher response rate than wild type melanopsin
transfected cells (melanopsin-Gα11 response rate 36 %, wild type melanopsin, 13 %, p>0.05). 

Conclusions: fusing melanopsin to either of its native Gα subunits, Gαq or Gα11, has demonstrat-
ed that melanopsin can maintain coupling to the Gαq/11 second messenger system in the pres-
ence of a fused Gαq or Gα11 subunit. furthermore, transient expression of melanopsin-Gα protein
fusions in HEK293T cells with siRNA-induced knock down of endogenous Gα subunits suggests
that fusing a Gα subunit to melanopsin enables greater efficiency of coupling to the second
messenger pathway. Melanopsin-Gα protein constructs may therefore offer advantages over
wild type melanopsin as a potential optogenetic gene therapy for photoreceptor loss.
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Polarized cytokine secretion by RPE cells secondary to NLRP3
inflammasome activation

Andrea V. Hoffmann, Lena K. M. Mohr, Carolina Brandstetter, Susannah M. Spieker, Frank G. Holz,
Tim U. Krohne

Experimental Ophthalmology, Department of Ophthalmology, University of Bonn, Bonn,
Germany; Email: krohne@uni-bonn.de; Web: www.experimental-ophthalmology.uni-bonn.de

Purpose: Photooxidative damage to the retinal pigment epithelium (RPE) as well as chronic
inflammatory processes in the sub-RPE space are involved in the pathogenesis of age-related
macular degeneration (AMd). We have shown that lipofuscin phototoxicity can activate the
NlRP3 inflammasome in RPE cells by inducing lysosomal membrane permeabilization (lMP).
Here, we investigate the effects of lMP-induced inflammasome activation on the secretion of
inflammatory and angiogenic cytokines related to the pathogenesis of AMd.

Methods: lMP was induced in primary human RPE cells and ARPE-19 cells either by leu-leu-
OMe or by incubation with 4-hydroxynonenal-modified photoreceptor outer segments (HNE-
POs) to induce lipofuscinogenesis and subsequent irradiation with blue light (0.8 mW/cm2)
for up to 6 hours. lMP was quantified by flow cytometry by means of acridine orange staining.
Cytokine secretion was measured using dot blot antibody arrays (Raybiotech) and specific
ElIsAs (R & d systems). Paracrine cytokine effects were investigated by incubating human vas-
cular endothelial cells (HuvEC) with RPE-conditioned media. Polarized cytokine secretion was
analyzed in RPE cells cultured on permeable membranes.

Results: Protein secretion levels of 42 inflammation- and angiogenesis-related cytokines were
investigated in RPE cells. lMP-induced NlRP3 inflammasome activation resulted in signifi-
cantly increased secretion of Il-1β, Il-6, Il-18, GM-Csf, and CXCl1/2/3. In contrast, constitu-
tive secretion of vEGf was significantly reduced, and migration and proliferation of vascular
endothelial cells incubated with conditioned media of lMP-treated RPE cells was decreased
compared to control conditioned media. specific inhibition of caspase-1 or cathepsin b pre-
vented inflammasome-related cytokine release. In polarized RPE cell monolayers cultured on
permeable membranes, Il-1β and Il-18 secretion was predominantly directed to the apical
side (70 % and 92 %, respectively). 

Conclusions: Activation of the NlRP3 inflammasome by lysosomal membrane permeabiliza-
tion as induced by lipofuscin phototoxicity in RPE cells results in highly polarized secretion of
inflammation-related interleukins to the apical RPE side. via this mechanism, phototoxic RPE
damage may trigger local immune processes such as subretinal macrophages/microglia
recruitment and thus contribute to the pathogenesis of AMd.
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Optimal electrical stimuli for activation of Retinal Ganglion Cell
populations

Archana Jalligampala1, 2, D. Rathbun1, E. Zrenner1

1 Institute for Ophthalmic Research; Center for Integrative Neuroscience, Tübingen,
2 Graduate Training Centre of Neuroscience

Purpose: Retinal ganglion cells (RGCs) electrical responsiveness is a nonlinear function of
both voltage and duration. We looked for the voltage/duration pair that activates the largest
possible fraction of RGCs in adult wild-type (wt) and rd10 mice, a delayed onset and slowly
progressing degeneration model of Retinitis Pigmentosa (RP).

Methods: RGC spiking responses were recorded in vitro from adult (P28-P33) wt (C57bl/6)
and degenerating (rd10) retinas, using a planar multi-electrode array (60 electrodes, 200 µm
pitch, 30 µm Ø, MCs GmbH,). Epiretinal electrical stimuli were delivered via one electrode
while the other electrodes served for recording. stimuli consisted of square-wave, monopha-
sic voltage pulses (cathodic & anodic) in incremental blocks (0.1 v–2.5 v) with randomized
pulse durations (.06 ms–5 ms) for each block. from these responses rastergrams, peri-stimu-
lus time histograms, and firing rate response surfaces over the voltage vs. duration stimulus
space were generated. We defined ‘nearby cells’ as cells recorded on the 8 electrodes around
the stimulation electrode (stimulation distance ≈100-383 µm).  significance was determined
by the Kruskal-Wallis multiple comparisons test (p<05).

Results: Threshold voltages did not differ between wt and rd10 at any duration. by sampling a
complete voltage/duration panel for each RGC, we were able to determine the fraction of the
recorded population that responded to each unique stimulus with a rate both above thresh-
old and below saturation. Pulses of -2.3 v and .84 ms activated the majority (>80 %) of nearby
RGCs in both wt and rd10 retinas. At a fixed voltage of -1.4 v (within the water electrolysis win-
dow) at least 60 % of RGCs could be activated at 2.4 ms in wt and rd10.We unexpectedly saw a
tendency for voltage thresholds to increase with duration from .06 ms up to 1 ms for both
mouse strains. While this tendency was not always significant for nearby cells (N≈100), it was
significant when cells from additional electrodes (stimulation distance >383 µm) were includ-
ed (N>1000) reflecting its subtle nature. The majority of cells strongly preferred cathodic puls-
es in both wt and rd10 mice.

Conclusions: The novelty of this study is, it’s the most complete examination to date of elec-
trical response thresholds in rd10 retina. Accordingly, we propose tentative stimulation para -
meters appropriate for activation of the largest possible fraction of rd10 and wt RGCs in our
continued efforts to optimize prosthetic retinal stimulation.
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Polysialic acid controls microglial reactivity and reduces vascular
leakage after retinal laser-damage

Marcus Karlstetter1, Janine Claude 2, Albert Caramoy1, Bettina Linnartz-Gerlach 2, Jens Kopatz 2,
Anika Lückoff 1, Alexander Aslanidis1, Yiner Wang 2, Johannes Ackermann 2, Volkmar Gieselmann 3,
Harald Neumann 2, Thomas Langmann1

1 Department of Ophthalmology, University of Cologne, Cologne, Germany; 2 Institute of Recon-
structive Neurobiology, University of Bonn, Bonn, Germany; 3 Department of Biochemistry, Univer-
sity of Bonn, Bonn, Germany

Background/Aim: The retinal environment in age-related macular degeneration (AMd) con-
tains a multitude of immunogenic stimuli including metabolite deposits, modified proteins and
cellular debris. These trigger neurotoxic microglial activation that may promote age-associated
degenerative processes. In addition, loss of immune-attenuating neuronal surface ligands pro-
voke similar consequences. As such, polysialic acids constitute the outermost part of the neu-
ronal glycocalyx and serve as ligands for the human-specific inhibitory siglec-11 receptor which
controls microglial activation. A loss of sialic acids may lead to complement factor C1q-mediat-
ed microglial activation and superoxide production. Here, we hypothesized that purified poly-
sialic acid (PsA) may reduce microglial reactivity by induction of inhibitory siglec-11 receptor
signaling and thus may attenuate retinal inflammation during AMd pathology. 

Methods: We analyzed polysialic acid expression by immunohistochemistry and determined
siglec-11 receptor transcript levels by RT-PCR in human and murine retinas. To study the
immune-modulatory effect of PsA on microglial cells, we analyzed phagocytosis of retinal pig-
ment epithelial cell debris and superoxide production of human induced pluripotent stem (iPs)-
cell derived microglia after PsA treatment. To assess the immune-regulatory potential of PsA in
vivo, we intravitreally injected PsA in siglec-11 transgenic mice after laser-damage and analyzed
microglial reactivity and fluorescein leakage after 48 hours. 

Results: We found that murine and human retinas contain high amounts of polysialic acid and
showed for the first time that the human specific siglec-11 receptor gene is expressed in the
human retina. Application of purified PsA on human iPs-cell derived microglial cells prevented
overt production of superoxide and reduced microglial phagocytosis. PsA injected siglec-11
transgenic mice showed reduced accumulation of microglial cells in the laser spots and a rami-
fied morphology compared to amoeboid cells in vehicle injected controls. furthermore, intravit-
real PsA-injection significantly reduced retinal vessel leakage. 

Conclusion: We conclude, that polysialic acid decreases human microglial neurotoxicity in vitro
and that intravitreal application of soluble PsA decreases pathological features of retinal degen-
eration. Our findings suggest that PsA may provide a potential novel therapy option for AMd.
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Endogenously expressed anoctamin 2 and 4 in RPE and lens cells

Susanne Keckeis, Nadine Reichhart, Daniel Salchow, Vladimir M. Milenkovic, Olaf Strauß

Purpose: Anoctamins are a family of transmembrane proteins with ten members. Their func-
tion as ion channel was recently identified. Anoctamin (Ano) 2 functions as a Ca2+-dependent
Cl- channel in photoreceptors. 

Methods: We investigated the role of anoctamins in the eye by using whole-cell patch-clamp
techniques and immunocytochemistry. 

Results: RT-PCR of the fresh tissue showed expression of Ano2 and Ano4 in the retinal pig-
ment epithelium (RPE) and in lens cells. staining of juvenile human lens cells, cells of the
human lens cell line b-3 and human RPE cell line ARPE-19 against Ano4 and Ano2 confirmed
the expression of both proteins in the cytoplasmic membrane. staining of mouse retina
against Ano2 and Ano4 indicated localization of these proteins in the basolateral membrane
of the RPE. We performed whole-cell patch-clamp experiments with the ARPE-19 cells, b-3
cells and juvenile human lens cells. under K+-free conditions with low Cl- concentration in the
intracellular solution, ARPE-19 cells showed an increase in the membrane conductance in
response to ionomycin application accompanied with a depolarization of the membrane
potential. The current exhibited a reversal potential of +8,97 mv. both types of human lens
cells showed a comparable increase in the membrane conductance in response to ionomycin.

Conclusion: since cells depolarized under intracellular low Cl- concentration we can rule out
the effect as a Cl- channel; as a result of the K+-free conditions maxi-K channels were not
involved in this current response. These data and previous publications let us suspect that the
current was a Ca2+-dependent cation current.
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The major proinflammatory cytokine interleukin-1β and ARMS2
are sorted through the same unconventional secretory pathway

Elod Kortvely1, Lili Feng1, Stefanie M. Hauck 2, Jennifer Behler 2, Matteo Gorza 2, Karsten Boldt1,
Marcel Blindert 2, Marius Ueffing1, 2

1Center of Ophthalmology, University of Tuebingen, Tuebingen, Germany; 2 Helmholtz Zentrum
München, German Research Center for Environmental Health, Research Unit for Protein Science,
Neuherberg, Germany

Purpose: Age-related maculopathy susceptibility 2 (ARMs2) is a small (11 kda), primate-spe-
cific protein implicated in the pathogenesis of age-related macular degeneration (AMd), a
leading cause of blindness in elderly. We have previously reported that ARMs2 is actively
secreted, although it lacks a typical signal peptide. Here we report that autophagy-related
processes are instrumental in conveying ARMs2. Autophagosomes are dynamically formed
and serve as a bulk degradation pathway. However, emerging evidence suggests that they
are also involved in the biogenesis of transport organelles destined to export a specific group
of proteins including ARMs2.

Methods: several human cell lines were transfected with plasmids coding for ARMs2. Plas-
mids coding for pro-interleukin (Il)-1β and ARMs2 carrying the desired substitutions were
constructed by molecular cloning. The intracellular trafficking of the synthesized protein was
monitored by co-staining of well-established markers for different cellular compartments.
digital images of immunostained cells were acquired on a Zeiss Axioscope. The classical
secretory pathway was inhibited by using brefeldin A (bfA) in some experiments. ARMs2-pos-
itive carriers were isolated for proteomic analysis by native electrophoresis.

Results: Golgi reassembly stacking protein proteins (GRAsPs) are the only known markers for
unconventional protein secretion. ARMs2-positive vesicle-like structures proved to be positive
for this marker. furthermore, the major proinflammatory cytokine interleukin-1β (Il-1β) is a pro-
totypical example of secretory autophagy. Co-expression of ARMs2 and Il-1β leads to the redis-
tribution of these two proteins into the same vesicle-like structures suggesting a common
secretory pathway. On the other hand, co-expression of ARMs2 and HTRA1 (classically secreted
protein) or eGfP (non-secreted protein) does not give rise to the colocalization of the two pro-
teins (data not shown), indicating an active cargo selection mechanism. Critical residues within
ARMs2 for becoming a client of this transport machinery have also been identified.

Conclusions: Our data suggest that ARMs2 belongs to the group of proteins being secreted
by autophagy related mechanisms. strikingly, all other known proteins hauled by this path-
way act pro-inflammatory. Accordingly, ARMs2 might exert its physiological function by regu-
lating immune cells within the eye.
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Revising the stem cell potential of Müller glia cells in the zebra -
fish retina

Veronika Kuscha, Anke Weber, Stefanie Bernas, Oliver Bludau, Michaela Geffarth, Stefan Hans,
Michael Brand

Center for Regenerative Therapies Dresden CRTD, TU Dresden, Dresden, Germany.
michael.brand@biotec.tu-dresden.de

Purpose: In contrast to mammals, zebrafish are able to regenerate their retina following
injury. The stem cells within the zebrafish retina are the Müller glia cells. up to date, Müller glia
cells are thought to generate exclusively rods in the unlesioned retina based on lineage trac-
ing exploiting the GfP persistence. 
However, to unambiguously analyse the progeny of Müller glia beyond GfP persistence, line-
age tracing experiments based on the Cre/loxP system are required. In addition, recent stud-
ies have shown that specific ablation of a single retinal cell type biases Müller glia dependent
regeneration towards the replacement of the lost cell type. However, so far it is unclear
whether the putative underlying selection mechanism encroaches already upon the level of
cell-type specific progenitor generation. 

Methods: using conditional tamoxifen inducible CreERT2, we can drive Cre recombination in a
subset of GfAP+ Müller glia cells and follow the progeny of Müller glia in the adult zebrafish
retina.

Results: due to the recombination procedure, we induce a minor damage to the retina that
does not result in any obvious damage of retinal lamination and induces only a very limited
amount of cell death. To evaluate the extent of cell death, we have compared the number of
TuNEl+ cells in retina sections induced by our method with previous published lesion mod-
els, such as light lesions and ouabain injection. diffuse light lesions induce 4-fold more cell
death in the ONl and oubain injection induce 100-fold more cell death in INl compared to our
protocol.
Without destroying a major portion of any specific retinal cell type, we are able to coax Müller
Glia cells to generate all retinal cell types. Although the generation of rods appears highly
favoured, we observe Müller glia derived progeny within all lamina and sub-lamina within one
week of chase.

Conclusion: Taken together, this data indicate that Müller glia possess the intrinsic property
to generate all retinal progenitors independently of a major cell type loss.
future studies will reveal whether Müller glia cells are able to generate in the absence of any cell
death any retinal cell types other than rods. In addition, we will elucidate whether the loss of a
specific retinal cell type correlates with the amount of the respective generated progenitors.
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Cellular reactions elicited by the laser-induced choroidal
neovascularisation in the mouse

Larissa Lahme, Peter Heiduschka, Anne Alex, Nicole Eter

University Eye Hospital Münster, Domagkstr. 15, 48149 Münster, Germany

Purpose: Anti-vEGf treatment became the first-line therapy in several neovascular ocular dis-
eases, such as wet age-related macular degeneration (AMd). However, among the patients,
there are about 30–40 % who do not respond well to anti-vEGf therapy (so called “non-
responders”). Therefore, new targets and treatment modalities have to be discovered. The aim
of our study is to identify new signalling pathways in the retina that lead to neovascularisation
and stabilisation of the newly formed blood vessels.  

Methods: Eyes of wild-type mice were treated by an argon laser (energy 200 mW, diameter
50 µm) to destroy the retinal pigment epithelium (RPE) and to induce a  tissue proliferation
similar to the wound healing, leading to the ingrowth of choroidal vessels into the subretinal
space. In order to characterise the involved cell populations, we isolated the eyes one, two,
three or four weeks after laser treatment and prepared paraffin sections for immunohisto-
chemical staining according to standard protocols.

Results: The most abudant cells in the laser spots were the endothelial cells of the newly
formed blood vessels, fibroblasts, retinal pigment epithelium cells, microglial cells, detected
by antibodies against Cd31, vimentin or s100A4, RPE65 and Iba-1, respectively. In addition to
vEGf, these cells expressed further cytokines and growth factors to a variable extent, proba-
bly contributing to neovascularisation and tissue proliferation, for instance PdGf-β, fGf-1 and
interleukin 8 (Il-8). Regarding fGf-1 as an example, we were able to show that it is barely
found in untreated eyes. In contrast, it was mainly localised in the RPE at the edges of the laser
spots and, to a lower extent, also in fibroblasts after the laser treatment. similarly, the
immunoreactivity (IR) of the fGf-1 receptor increased after laser treatment. fGf-1 receptor IR
was found in Müller glial cells and cells of the outer plexiform layer. The highest level was seen
after three and four weeks. similar to fGf-1, the RPE was also positive for the fGf-1 receptor.

Conclusion: The detailed identification of the growth factors and cytokines as well as their
receptors will help to understand further the pathological processes in the animal model of
laser-induced choroidal neovascularisation and to develop novel therapeutic approaches for
the treatment of neovascular diseases.

Acknowledgement: This project is supported by a grant to P.H. by Novartis. 
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Norrin mediates neuroprotective effects on retinal ganglion cells
via the induction of leukemia inhibitory factor

Stephanie Leopold, Roswitha Seitz, Ernst R. Tamm and Andreas Ohlmann

Institute of Human Anatomy and Embryology, University of Regensburg, Regensburg, Germany

Purpose: To investigate if and how leukemia inhibitory factor (lIf) is involved in the neuro-
protective effects of Norrin on retinal ganglion cell (RGC) survival following excitotoxic dam-
age. Norrin is a secreted protein that activates the classical Wnt/β-catenin pathway via specif-
ic binding to frizzled-4. In albino mice, Norrin protects RGC from excitotoxic damage and
increases the retinal expression lIf and endothelin-2 (EdN2), as well as that of neuroprotec-
tive factors such as fibroblast growth factor-2 (fGf2) and ciliary neurotrophic factor (CNTf). 

Methods: Recombinant human Norrin was isolated and purified from conditioned cell culture
medium of HEK 293-EbNA cells. To induce excitotoxic RGC death, 3 µl NMdA [10 mM] were
injected into the vitreous body of both hetero- and homozygous lIf-deficient mice in a
C57/black6 genetic background. The fellow eye received 3 µl of combined NMdA [10 mM]
and Norrin [5 ng/µl]. To determine the degree of RGC damage, TuNEl labeling was performed
on meridional sections 24 h after injection, and the number of labeled nuclei was quantified.
The expression of mRNA for Lif, Edn2, and Fgf2 was investigated by quantitative real-time RT-
PCR of treated retinae. 

Results: After injection of wild-type mice with combined NMdA/Norrin approximately 50 %
less TuNEl positive cells were observed in the RGC layer when compared to that of NMdA-
treated littermates. The protective effect of Norrin was completely lost when homozygous lIf-
deficient mice were treated with combined NMdA/Norrin. In addition, in lIf-deficient mice,
NMdA induced a substantial increase in excitotoxic damage as 50 % more apoptotic cells in
the RGC layer were observed when compared to NMdA-injected wild-type littermates. by
real-time RT-PCR for the expression of Lif and Edn2 mRNA in retinae of NMdA/Norrin-treated
eyes, a significant increase was observed in wild-type mice when compared to eyes that
received NMdA only. The Norrin-mediated effect was substantially reduced in heterozygous
lIf-deficient mice. In contrast, only moderate changes were observed in the expression of
Fgf2.

Conclusions: Norrin mediates its neuroprotective properties on retinal ganglion cells via an
increased expression of Lif. In pigmented mice, the induction of lIf might involve an
increased expression of Edn2 while Fgf2 plays no or only a minor role. 

Support: dfG forschergruppe 1075 
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Evaluation of autoantibodies against aldehyde-derived protein
adducts in age-related macular degeneration

Pujol-Lereis L. M.1, Rasras A. 2, Amslinger S. 2, Weber B. H. F.1 and Pauly D.1

1 Institute of Human Genetics, University of Regensburg, Regensburg, Germany;
2 Institute of Organic Chemistry, University of Regensburg, Regensburg, Germany

Purpose: Age-related macular degeneration (AMd) is a leading cause of visual impairment in
industrialized countries. In the early stages of the disease, there is an accumulation of extracel-
lular deposits, or drusen, under the retinal pigment epithelium. It is thought that oxidative
damage plays a key role in drusen formation and therefore in the causality of AMd. Autoanti-
bodies against oxidation-specific epitopes (OsEs) have been shown to be elevated in AMd
patients compared to controls. These OsEs are products of lipid oxidation, and the immune
response they elicit has been suggested to cause a chronic inflammation in the macula. The
aim of this work is to better understand the association among anti-OsE autoantibodies,
genetic risk variants and the pathology of the disease.

Methods: Our first objective is to generate a multiplex assay for the detection of OsE-specific
autoantibodies associated with AMd in patients’ blood/plasma samples. Autoantibodies
against aldehyde-derived protein adducts are being evaluated, including ω-(2-carboxy -
ethyl)pyrrole (CEP, derived from 4,7-dioxohept-5-enoic acid (dOHA)), 4-hydroxy-2-nonenal
(HNE), 4-hydroxy-2-hexenal (HHE) and malondialdehyde (MdA) adducts. for the assays, we
synthesized CEP-bsA and HHE-bsA adducts, and used commercially available MdA-bsA and
HNE-bsA. bsA was used as a blank, and the ratio between anti-CEP-bsA and anti-bsA was cal-
culated. We set up a standard indirect ElIsA method for blood/plasma samples. 

Results: IgM blood levels against CEP-bsA were significantly higher in early and late AMd
patients (2.40 ± 0.11; n = 32) compared with age-matched controls (1.79 ± 0.16; n = 24)
(p = 0.002). Preliminary results showed that IgM against MdA-bsA are higher in AMd patients
(1.54±0.05) compared to controls (1.38±0.07) (p=0.047), although CEP-bsA showed stronger
differences. levels of anti-HNE-bsA antibodies were not different between the patients
(1.01 ± 0.04) and controls (0.96±0.02). Evaluation of antibodies against HHE-bsA is in progress. 

Conclusion: Our results indicate that the immune response in AMd may differ among the
aldehyde-derived protein adducts. The multiplex assay will include those adducts giving bet-
ter differences between patients and controls.



51

Choroidal thickness in geographic atrophy associated with age-
related macular degeneration

Moritz Lindner1, Joanna Czauderna1, Athanasios Bezatis1, Eva Becker1, Christian K. Brinkmann1,
Rolf Fimmers 2, Steffen Schmitz-Valckenberg1, Frank G. Holz1, Monika Fleckenstein1

1 Department of Ophthalmology, University of Bonn, Bonn, NRW, Germany; 2 Institute for Medical
Biometry, Informatics and Epidemiology, University of Bonn, Bonn, NRW, Germany

Purpose: To compare choroidal thickness (CT) in different subtypes of geographic atrophy
(GA) secondary to age-related macular degeneration (AMd) with normal controls.

Methods: A total of 42 eyes of 42 patients (mean age 76.2 ± 6.5 y) with GA and 31 eyes of 31
healthy controls (mean age 75.6 ± 6.4 y) were examined by confocal scanning-laser-ophthal-
moscopy (cslO) and EdI (enhanced depth imaging) sd-OCT (spectralis, Heidelberg Engineer-
ing, Germany). CT was measured at 26 defined points in horizontal and vertical EdI-OCT scans
for each patient. GA subtypes were classified based on abnormal fAf patterns surrounding
the atrophic lesions as previously published (Holz et al.; Am J Ophthalmol 2007). Total area of
GA was assessed using the Regionfinder software (Heidelberg Engineering).

Results: Mean CT was significantly thinner in eyes with GA (168.47 ± 88 µm) as compared to
control eyes (215.5 ± 55.6 µm, p = 0.011). In the GA group, patients with the ‘diffuse trickling’
subtype (n = 7) exhibited a significantly thinner CT (108.7 ± 31.9 µm) as compared to other GA
subtypes (‘non-diffuse trickling’ GA, n = 35, 180.7 ± 91.0 µm, p = 0.047). The total GA area in the
‘diffuse trickling’ group was significantly higher than in other GA subtypes (16.1 ± 6.8 µm2 vs
6.1 ± 4.8 µm2). difference in CT between the ‘non-diffuse trickling’ GA eyes and control eyes
were substantially less pronounced. 

Conclusions: The results indicate that the choroid in eyes with GA is thinner compared to nor-
mal eyes of similar age. However, this effect appears to be mainly driven by a specific GA sub-
type (‘diffuse trickling’). As this subtype – in accordance to earlier works (Holz et al.; Am J Oph-
thalmol 2007) – yields larger GA areas further analysis will be necessary to identify if CT also
correlates directly with GA size or uniquely with the GA subtype. However refined phenotypic
classification of eyes with advanced dry AMd appears prudent when choroidal thickness is
assessed and compared. GA-subtype related differences in choroidal thickness may reflect a
heterogenous underlying pathogenesis.
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Behaviour of microglial cells in an animal model of laser-induced
choroidal neovascularisation

Lu Li, Peter Heiduschka, Nicole Eter

Research Laboratory of the University Eye Hospital Münster, Domagstr. 15, 48149 Münster, Germany

Purpose: laser-induced choroidal neovascularisation (CNv) is a commonly used animal model
to investigate pathological processes that occur during wet age-related macular degeneration
(AMd) and to test potential measures against neovascularisation. Microglial cells are the intrin-
sic immune cells of the central nervous system and also of the retina. during the last years,
involvement of microglial cells in the pathology of AMd became of increasing interest. We
therefore checked the behaviour of microglial cells in the laser-induced CNv with respect to the
expression of various neurotrophic factors and cytokines.

Methods: Eyes of adult wild-type mice were treated by an argon laser to induce CNv. After
one week, eyes were isolated, and cryosections were prepared for immunohistochemistry by
standard protocols. Microglial cells were stained using Cd11b and f4/80 antibodies. double
staining of microglial cells was performed against vEGf, fGf-1, PdGf-β, TGf-β1, PEdf, TNf-α,
the interleukines -1β, -6, -8 and -17, MMP-9 and MKi67.

Results: Numerous microglial cells were detected in the region of the laser spot. A subpopula-
tion of microglial cells showed immunoreactivity (IR) for the growth factors vEGf, PdGf-β and
fGf-1 as well as for the typical pro-inflammatory factors TNf-α and Il-6. No IR was observed
for PEdf and TGf-β1 as well as for Il-1β, Il-8, Il-17, MMP-9 and MKi67. Notably, there were
slight differences in co-localisation behaviour depending on whether microglial cells were
labelled by Cd11b or f4/80.

Conclusion: Microglial cells are present at a high number at the sites of lesion in the model of
laser-induced CNv. One week after injury, they express a limited number of growth factors
and cytokines. lack of MKi67 IR indicates a low level of proliferation, leading to the conclusion
that at least most of microglial cells were migrating into the laser spot. further investigation
will deal with possible subpopulations of retinal microglia, and we will check expression pat-
tern of the microglia at other time points after laser injury.

Acknowledgement: The present research was supported by a grant by the Chinese scholar-
ship Council for l.l. and a grant by the IZKf Münster for N.E. (no. Et3/019/12).
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Anti-inflammatory effect of interferon ß signaling in a murine
model of AMD-like retinal degeneration

Anika Lückoff, Albert Caramoy, Marcus Karlstetter and Thomas Langmann

Department of Ophthalmology, University of Cologne, Cologne, Germany

Purpose: Age-related macular degeneration (AMd) is a leading cause of vision loss in the eld-
erly. Chronic activation of the innate immune system, including microglial cells, is a hallmark
of AMd. Here, we studied the role of IfNß signaling and microglial activation in an experimen-
tal model of AMd-like retinal degeneration.

Methods: laser-rupture of bruch’s membrane was used as murine model for AMd. Microglial
morphology in laser-induced lesions was analyzed by Iba1-staining of flatmounted retinas.
Retinal inflammation and choroidal neovascularization (CNv) was analyzed in IfN-alpha/beta
receptor knockout (IfNAR-/-) mice and wild type controls using lectin-staining, optical coher-
ence tomography (OCT) and fundus fluorescein angiography (ffA).

Results: OCT-analysis showed no influence of laser-induced lesions on retinal thickness.
Immunohistological analysis of flat-mounted laser-damaged retinas displayed both, a higher
number and a longer presence of activated microglial cells at the sites of damage in IfNAR-/-

mice compared to controls. laser-induced lesions in IfNAR-/- animals showed increased vessel
leakage as well as CNv compared to control animals, indicating that IfNAR-/--deficiency
enhanced inflammation.

Conclusion: Knockout of IfNAR lead to enhanced microglial activation and retinal inflamma-
tion. Therefore, we conclude that IfNß signaling dampens microglial reactivity and is a protec-
tive mechanism in retinal degeneration.
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CaF2 nanoparticles and lipid nanovesicles as novel carriers of
calcium sensors for targeted retinal therapy

Valerio Marino1, Alessandra Astegno2, Elena Maresi 2, Marco Pedroni 2, Fabio Piccinelli 2 and
Daniele Dell’Orco1

1 Dept. of Life Sciences and Reproduction, Section of Biological Chemistry, University of Verona,
37134 Verona, Italy; 2 Dept. of Biotechnology, University of Verona, 37134 Verona, Italy

Purpose: Calcium (Ca2+) plays a major role in various cellular processes and variations in its
concentration are detected by calcium sensor proteins, which change their conformation to
regulate molecular targets. Calcium sensors like Guanylate Cyclase Activating Proteins are
involved in different retinal diseases like retinopathies and cone dystrophies. In this study
Caf2 nanoparticles and nanovesicles with lipid composition similar to that of membranes of
rod outer segments were probed as biocompatible carriers of Ca2+-sensors by assessing the
structural and functional effects of the interaction with the nanodevice. In particular, Recov-
erin (Rec) and Calmodulin (CaM) were incubated with 20–25 nm Caf2 nanoparticles or 70–80
nm nanovescicles and their structure-function was investigated.

Methods: Circular dichroism spectroscopy was employed to investigate changes in protein
secondary and tertiary structure and in thermal stability, both in the presence and in the
absence of free Ca2+. Isothermal titration calorimetry was used to estimate the stoichiometry
and thermodynamics of binding. variations in hydrodynamic radius of the nanodevices upon
protein binding were monitored by dynamic light scattering. The residual functionality of the
Ca2+ sensor was investigated using fluorescence spectroscopy, by monitoring the exposure of
aromatic residues upon Ca2+ or nanoparticle binding.

Results: binding of Rec on lipid nanovesicles was reversible without significant perturbation
of either structure or function. Results for Caf2 nanoparticles were instead protein-dependent.
While Rec did not significantly change its structure in the presence of Caf2 nanoparticles and
the binding was only partially reversible, CaM preserved both its secondary and tertiary struc-
ture, and the binding to the nanoparticle was fully reversible depending on the level of free
Ca2+. 

Conclusion: lipid nanovesicles are widely used as carriers for encapsulated proteins, but our
data show that the high area-to-volume ratio conferred from the nanoscale can be proficient-
ly used to carry high concentrations of Rec on their surface for targeted delivery. Caf2 nano -
particles on the other hand are promising tools for biomedical purposes, but the ability to
carry proteins with preserved function is system-dependent. Our study sets the basis for a
potentially successful delivery of recombinant proteins in eye disease and equally in cases
where a limited administration frequency and high efficiency are highly recommended.
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Identification of mutations in retinal disease genes using a panel-
based Next Generation Sequencing approach

Anja-Kathrin Mayer1, Nicole Weisschuh1, Nicola Glöckle 2, Susanne Kohl 1, Bernd Wissinger1

1 Centre for Ophthalmology, Institute for Ophthalmic Research, Molecular Genetics Laboratory,
University Clinics Tuebingen, Germany, 2 CeGaT GmbH, Center for Genomics and Transcriptomics,
Tuebingen, Germany

Purpose: Retinal dystrophies (Rd) are a group of blinding diseases with marked genetic and
clinical heterogeneity. until recently it had been a difficult task to determine the causative
mutations in Rd since mutations in more than 180 genes have previously been associated
with the different disease entities. Therefore, next generation sequencing (NGs) with its mas-
sive parallelization is currently considered the most efficient approach to identify mutations in
Rd genes.

Methods: We screened 20 patients with different forms of Rd (Achromatopsia, Macular dystro-
phy, Cone or Cone-rod dystrophy) for mutations in 105 Rd-associated genes using hybridiza-
tion-based enrichment and sOlid-based NGs. Most of the patients had been tested negative
upon screening for mutations in frequently affected genes applying sanger sequencing and/or
high-throughput mutation microarrays (Asper chips). All putative disease-causing variants
identified by our NGs approach were subjected to validation by sanger sequencing. sanger
sequencing was further used to analyze whether a variation segregated with the disease phe-
notype in the corresponding family.

Results: We were able to identify mutations in six different Rd genes causing the disease phe-
notype in seven patients. In the remaining 13 patients (65 %) we did not detect sequence
alterations that could explain the disease phenotype. Among the unsolved autosomal reces-
sive cases, we found some patients who carry sequence alterations in one of the frequently
affected genes (e.g. ABCA4), but lack a second clearly pathogenic variant. The disease pheno-
type in unsolved cases might be caused by pathogenic deep intronic variants which were not
detected due to the targeted enrichment of the exonic regions for our NGs-based genetic
testing. Another explanation is of course that these patients harbor mutations in yet unknown
disease genes. To elucidate this, unsolved cases are potential candidates for whole exome
sequencing.

Conclusion: We performed a NGs-based mutation analysis of the vast majority of all currently
known retinal disease genes in a genetically pre-selected cohort of 20 patients with Rd and
were able to identify causative mutations in 35 % of cases. unsolved cases are promising can-
didates for the identification of novel disease genes using whole exome sequencing.
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In-vivo imaging of choroidal neovascularization using a fluores-
cent labeled multivalent polymer targeting L- and P-selectin 

Johanna Meyer1, Dagmar Sonntag-Bensch1, Pia Welker2, Kai Licha2, Jens Dernedde3,
Rainer Haag4, Steffen Schmitz-Valckenberg1, Frank G. Holz1

1Department of Ophthalmology, University of Bonn, Germany, Ernst-Abbe-Str. 2, 53127 Bonn;
2 mivenion GmbH, Robert-Koch-Platz 4-8, 10115 Berlin; 3Institut für Laboratoriumsmedizin, Klini -
sche Chemie und Pathobiochemie, Charité-Universitätsmedizin Berlin, Augustenburger Platz 1,
13353 Berlin, Germany; 4Institute of Chemistry and Biochemistry, Freie Universität Berlin, Taku-
straße 3, 14195 Berlin

Purpose: selectins are expressed on the vascular endothelium and leukocytes, mediating the
migration of leukocytes during inflammation. The novel multivalent synthetic dendritic
polyglycerol sulfate (dPGs) inhibits selectins and suppresses inflammation. Aim of the study
was to investigate fluorescently labeled dPGs as imaging probe in an animal model of laser-
induced choroidal neovascularization (CNv).

Methods: for in-vivo imaging, dPGs was covalently attached to an indocyanine green type
dye (6s-ICG), yielding soluble conjugates. using confocal scanning laser ophthalmoscopy
(cslO), in-vivo reflectance and fluorescence imaging was performed in dark Agouti rats that
had undergone argon laser photocoagulation to induce CNv. Retinal uptake and fluorescence
were recorded following intravenous and intravitreal injection of dPGs-6s-ICG. The distribu-
tion and accumulation of dPGs-6s-ICG were measured and frozen sections as well as flat-
mounts were prepared.

Results: Immediately following intravenous and intravitreal injection a strong fluorescence
was visible. Twenty-four hours following injection an accumulation of dPGs-6s-ICG within the
laser lesions were observed. furthermore, multiple fluorescent spots were visible up to 56
days following intravenous injection and for up to 100 days following intravitreal injection of
dPGs-6s-ICG. Over time, a continuous decrease of the fluorescence intensity was observed.
Post-mortem analysis revealed a distinct accumulation to macrophages and/or microglia cells
in flatmounts (after staining with Cd68 and Iba1).

Conclusion: Pharmacokinetics of fluorescent dPGs can be investigated in-vivo following
intravenous and intravitreal injection. The in-vivo and ex-vivo observations are in accordance
with an immune mediated response following laser treatment. fluorescent dPGs may be a
potential biomarker for the in-vivo assessment of inflammation and leukocyte migration in
retinal disorders.
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ARMS2 is expressed in macrophages and anchors complement on
apoptotic cells to enhance opsonization 

Sven Micklisch1, Marcus Karlstetter 2, Lisa Schmölz 3, Hans-Martin Dahse1, Yuchen Lin1, Bernhard
H.W. Weber 4, Stefan Lorkowski 3, Thomas Langmann 2, Peter F. Zipfel1,5, Christine Skerka1

1 Department of Infection Biology, Leibniz Institute for Natural Product Research and Infection Biology,
Jena, Germany; 2 Department of Ophthalmology, University of Cologne, Cologne, Germany; 3 Institute
of Nutrition, Friedrich Schiller University Jena, Jena, Germany; 4 Institute of Human Genetics, University
of Regensburg, Regensburg, Germany; 5 Friedrich Schiller University, Jena, Germany

Purpose: Age-related macular degeneration (AMd) is the most common cause of blindness in
developed countries. The disease is characterized by the degeneration of retinal pigment epithe-
lial cells due to the accumulation of deposits (drusen) at the macula. The ARMS2 variant at 10q26
(A69s or 201G>T, rs10490924) has been repeatedly significantly associated with AMd. However,
reports about cellular expression and localization of the ARMs2 protein are inconsistent and the
physiological role of this protein is still unclear. Therefore we aimed to determine the functional
activity of ARMs2 and expressed recombinant ARMs2 in Pichia pastoris.

Methods: Native ARMS2 expression was evaluated in phagocytes by RTPCR. ARMS2 cdNA was
cloned into the Pichia pastoris expression vector, expressed and purified by his-tag chromatogra-
phy. Rabbit-antibodies were raised to the recombinant ARMs2 protein to specifically detect the
protein. binding of ARMs2 to diverse cell surfaces, as well as heparin beads was determined by
flow cytometry, and interaction of ARMs2 with complement proteins was determined by ElIsA. 

Results: ARMs2 expression was identified in blood derived macrophages and stem cell induced
microglia cells, which are responsible for the clearance of apoptotic cells in the subretinal space.
Recombinant ARMs2 did not bind to living T cells or erythrocytes, but ARMs2 specifically binds to
modified human surfaces such as apoptotic cells. Cell binding was mediated by heparan sulfate as
demonstrated with heparin beads and with cells which are deficient in heparin synthesis. ARMs2
attached to cell surfaces recruited properdin, the only known activator of complement. This inter-
action resulted in enhanced opsonization of cellular surfaces with the complement activation
product C3b, which is known to increase phagocytosis by macrophages.

Conclusion: Here we provide evidence that blood macrophages and microglia cells express
ARMs2. We show that ARMs2 binds specifically to apoptotic cells, recruits the complement activa-
tor properdin, which subsequently activates complement and phagocytosis. The AMd associated
ARMS2 which leads to reduced presence or functions of ARMs2 likely affect clearance of apoptotic
cells and cell debris. The data provide important mechanistic insights into the role of ARMs2 and
underline the pivotal role of innate immunity in retinal hemostasis and prevention of inflammation. 
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Wnt/β-catenin signaling in microvascular endothelial and Müller
cells is essential for retinal vascular development and repair

B. Müller, D. Wöhl, E.R. Tamm, A. Ohlmann

Institute of Human Anatomy and Embryology, University of Regensburg, Regensburg

Purpose: Activation of Wnt/β-catenin signaling by several factors is essential for normal reti-
nal vascular development. Here we wondered which role microvascular endothelial and
Müller cell-derived Wnt/β-catenin signaling has on the development of the retinal vasculature
and its changes during pathological vascular processes. 

Methods: Mice with an inducible conditional β-catenin deficiency in microvascular endothe-
lial (Cdh5CreERT/Ctnnbfl/fl) and Müller cells (slc1a3CreERT/Ctnnbfl/fl) were generated. To analyze
vascular changes, mice were perfused with fITC-coupled dextran and retinal whole mounts
were isolated. further on, an oxygen-induced retinopathy (OIR), the model of retinopathy of
prematurity in mice, was induced. In addition, mRNA expression of IGf-1 and angiopoietin-2
in retinae from slc1a3CreERT/Ctnnbfl/fl mice was investigated.

Results:  during development ofCdh5CreERT/Ctnnbfl/fl mice, a retarded development of the
superficial and deep vascular plexus was observed compared to control littermates. In con-
trast, in slc1a3CreERT/Ctnnbfl/fl mice, only slight changes in the developing retinal vasculature,
but a delayed regression of the hyaloid vasculature were detected. following an OIR in mice
with a β-catenin deficiency in microvascular endothelial or Müller cells, a reduced vessel
regrowth into vaso-obliterated areas and a retarded development of intraretinal vessels were
detected at post natal day (P) 17. further on, in slc1a3CreERT/Ctnnbfl/fl mice the formation of
preretinal tufts was increased by 2.6-fold compared to control littermates. In contrast, in
Cdh5CreERT/Ctnnbfl/fl mice the number of tufts was reduced by 25 % when compared to control
animals. further on, following an OIR at P15, in retinae from slc1a3CreERT/Ctnnbfl/fl mice mRNA
levels for IGf-1 and angiopoietin-2 were significantly reduced compared to littermate con-
trols.

Conclusions: Wnt/β-catenin signaling in microvascular endothelial and Müller cells is essen-
tial for the development of the retinal vasculature and for vascular repair following OIR. In
mice with β-catenin deficiency in Müller cells, the effects are most likely mediated via a
decreased expression of angiogenic factors such as IGf-1 and angiopoietin-2.

Key words: angiogenesis, Müller cells, retinopathy of prematurity, β-catenin
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Time course of morphological changes in murine retinal explant
cultures

Brigitte Müller, Birgit Lorenz, Knut Stieger

Department of Ophthalmology, Justus-Liebig-University Gießen, Friedrichstr. 18, 35392 Gießen,
Germany

The purpose of this study was to characterize the organ culture of murine neuroretina to
establish survival and early degeneration patterns of neuronal cells to prove retinal explants
to be suitable for therapeutic applications. 

Neuroretina explants were prepared from wild type C57bl6 mice and evaluated after 2 to13
days in culture. fresh retinae were used as controls. Explants were cultured in Millicell® culture
plate inserts with the photoreceptor layer facing the supporting membrane. Culture medium
(dMEM) was maintained in contact with the membrane beneath the explant. Cryostat sec-
tions were prepared for TuNEl assay and immunohistochemistry. Neuroretinal modifications
were evaluated after HE staining, TuNEl assay, and after immunostaining for neurodegenera-
tion and cell cycle markers, and neuronal cell markers. 

Histologically, during the first week in culture, only minor morphological changes were de -
tectable in retinal explant culture apart from disruption and truncation of photoreceptor
outer and inner segments. TuNEl-staining revealed isolated apoptotic nuclei in the outer and
inner nuclear layer (ONl, INl). Immunolabeling with anti-AIf (apoptose inducing factor)
showed no dislocation of AIf into the nuclear layers. Rod bipolar cells stained by PKCα
appeared densely packed in the INl. sprouting of individual dendrites into the ONl was visi-
ble from day one in both bipolar and horizontal cells. up to one week in culture, very little
reduction of cells in both nuclear layers was visible. However, dNA-damage marker γH2AX
showed a substantial number of damaged nuclei in the ONl and INl at the end of week one.
Antibodies against cell cycle enzyme Cdk4 revealed numerous positive neurons in the INl and
only very few in the ONl between day 4 and 6. After two weeks in culture TuNEl-staining
revealed numerous apoptotic nuclei in the ONl and INl, which was in line with translocation
of AIf into the nuclear layers.

Our results indicate that retinal explants are in a “close to healthy” condition during the first
five days of in vitro culture. degeneration processes at the end of the first week seem to repro-
duce cellular modifications occurring in vivo after retinal damage. Therefore murine retinal
explant culture represent a suitable model system for therapeutic applications like retinal
gene therapy. In addition, this approach can help reduce the numbers of animals used for
gene therapeutic experiments. 
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Functional relevance of autofluorescence patterns in Stargardt
disease

Philipp L. Müller, Martin Gliem, Frank G. Holz, Peter Charbel Issa

Purpose: stargardt disease is characterized by distinct patterns of increased and decreased
signals on near-infrared (NIR) and short wavelength (sW; blue) fundus autofluorescence (Af)
imaging. The aim of this study was to evaluate the structure-function correlation between
patterns on fundus Af images and maps of retinal sensitivity derived from microperimetry
testing. 

Methods: fifty eyes of 25 patients with stargardt disease underwent functional testing using
fundus controlled perimetry (MAIA, Centervue, Italy). A confocal scanning laser ophthalmo-
scope (HRA2, Heidelberg Engineering, Germany) was used for recording NIR-and sW fundus
Af. disease-related patterns on Af images were categorized as follows: 1) no pattern, 2) gran-
ular pattern, 3) bright > dark flecked pattern, 4) dark > bright flecked pattern, 5) dark pattern
and 6) atrophic lesions. Retinal sensitivity along a horizontal line of 15° eccentricity through
the fovea was compared between these regions.

Results: Pattern-related retinal sensitivity was not different between both eyes of each patient
(ANOvA; p = 0.16 and p = 0.54 for sW- and NIR-fundus Af, respectively). borders be tween con-
secutive patterns on NIR-fundus Af images were more eccentric compared to equi valent bor-
ders on sW- fundus Af images. for both sW- and NIR fundus Af retinal sensitivity was different
between patterns (ANOvA, p < 0.0001; post hoc test, p < 0.0001 to p = 0.047) except for the
comparison between patterns 1 and 2 (p = 0.06 and p = 0.98 for sW- and NIR fundus Af, respec-
tively), as well as between patterns 2 and 3 (p = 0.42 and p = 0.05 for sW- and NIR fundus Af,
respectively). The largest drop in retinal sensitivity was observed at the border to regions with
predominantly dark pattern in both sW- and NIR- fundus Af (mean retinal sensitivity
[db ± sEM], sW fundus Af: 1 = 23.33 ± 0.81, 2 = 19.94 ± 1.45, 3 = 16.60 ± 1.53, 4 = 9.27 ± 1.43,
5 = 4.13 ± 1.18, 6 = 0.58 ± 0.35; NIR fundus Af: 1 = 24.08 ± 0.58, 2 = 23.66 ± 0.67, 3 = 19.38 ± 1.33,
4 = 12.62 ± 1.48, 5 = 2.97 ± 0.67, 6 = 0.71 ± 0.41). 

Conclusion: structure-function correlations reveal consistent functional deficits of fundus Af
patterns in stargardt disease. In both, sW- and NIR fundus Af the transition to a predominant-
ly dark pattern is associated with a marked impairment of retinal sensitivity. Areas of equiva-
lent patterns on NIR fundus Af images exceed those on sW fundus Af, suggesting superiority
of NIR- fundus Af imaging to indicate early functional alterations. 
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A European young investigators network for Usher syndrome

Kerstin Nagel-Wolfrum1 (coordinator), Sérgio da Silva 2, Eduardo José Duarte 3, Ieva Sliesoraityte 4,
Christel Vaché 5, Erwin van Wijk 6

1Cell and Matrix Biology, Institute of Zoology, Johannes Gutenberg University of Mainz, 55099,
Germany;  2AIBILI, Coimbra Coordinating Centre for Clinical Research, Portugal;  3IBILI – University
of Coimbra, Portugal;  4Institut de la Vision, Paris, France;  5CHU (University Hospital), INSERM,
Montpellier, France;  6Radboudumc University Nijmegen Medical Centre, The Netherlands

The usher syndrome (usH) is the most common form of inherited deaf-blindness affecting the
two major senses in human. It is a complex disorder divided into three clinical types, which are
genetically heterogeneous, making diagnosis and treatment challenging. so far, ten causative
genes and one genetic modifier have been identified. Molecular analyses revealed that all
usH1 and 2 proteins are organized in protein networks in the eye and inner ear. Although this
has provided insights into the function of usH proteins and explains why defects in proteins
of different families result in usH, the exact pathomechanisms in the retina remain unclear.
EuR-usH (www.eur-ush.eu) is composed of three overlapping components. In component A
we aim to improve diagnosis. so far, we have compiled a multinational clinical protocol for a
prospective observational longitudinal usher cohort study. The data of the clinical examina-
tions and molecular analyses will be uploaded in the EuR-usH database. Combination of data
will improve diagnosis and provide more details to genotype/phenotype correlations. In com-
ponent b we will gain more insight into the molecular pathogenesis. for this we adopted pro-
teomics analyses in transgenic zebrafishes to extend to usH protein networks. furthermore
we analysed usH protein expression and interaction of usH proteins with different imaging
methods in human donor retinas. In component C we evaluate gene-based therapy options
for the retinal degeneration. for this, we generated minigenes for gene replacement in
usH2A. further we analysed the read-through efficacy of different usH causing nonsense
mutations and compared the retinal biocompatibility of different read-through inducing
drugs.
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Translational read-through of in-frame nonsense mutations for
the treatment of hereditary retinal dystrophies

Inessa Penner, Fabian Möller, Ananya Samanta, Uwe Wolfrum, Kerstin Nagel-Wolfrum

Cell and Matrix Biology, Institute of Zoology, Johannes Gutenberg University of Mainz, Germany

Purpose: Hereditary retinal ciliopathies are a genetically heterogeneous group of disorders that
cause vision defects, for which currently no effective cure is available. Patient screenings predict
that ~12 % of all pathogenic variants identified for human hereditary disorders are nonsense
mutations. Nonsense mutations lead to premature termination of translation and to truncated,
non-functional proteins. Recent studies demonstrate translational read-through (TR) as a thera-
peutic approach for targeting nonsense mutations. Here we aim to analyse the read-through
efficacy of different translational read-through inducing drugs (TRIds) in a series of nonsense
mutations causing syndromic disorders associated with retinitis pigmentosa (RP), namely usher
syndrome (usH), the most common form of combined inherited deaf-blindness; bardet-biedl
syndrome (bbs), a ciliopathy disorder characterized by e.g. obesity, retinal degeneration, and
polydactyly, and senior-loken syndrome, a combination of nephronophthisis and RP. 

Methods: We compared efficacy of TRIds, namely PTC124, aminoglycosides and the designer
aminoglycosides Nb84 and Nb124, in transfected HEK293T cells by quantitative immunofluores-
cence microscopy and Western blot analysis. Retinal toxicity of TRIds was assessed in mouse
retinal explants by TuNEl-assays and immunofluorescence analyses applying molecular mark-
ers for retinal integrity. 

Results: We generated cdNA constructs coding for the disease-related nonsense mutations in
USH1C isoform harmonin a1 (p.R155X), USH3A (p.Y63X; p.Y176X), BBS1 (p.G73X; p.Q291X), and
NPHP4 (p.l104X), respectively. We observed various read-through efficacies in HEK293T cells
transfected with nonsense mutations in the affected genes after application of PTC124, Nb84 or
Nb124, respectively. TuNEl assay demonstrated comparable biocompatibility of Nb84 and
Nb124 to aminoglycosides but an excellent biocompatibility of PTC124 in retinal cells.

Conclusion: The research showed the therapeutic potential of PTC124, Nb84 and Nb124 for
patients with RP caused by the various nonsense mutations. Restoration of protein might stop
or slow down progression of retinal degeneration and greatly improve the life quality of RP
patients.

Supports: German Ministry of Education and Research (E-Rare-2, the ERA-Net for Research on
Rare diseases) “EuR-usH” (KNW), European Community fP7 “sYsCIlIA” (uW), fAuN-stiftung,
Nuremberg (KNW, uW), the foundation fighting blindness (ffb) (KNW, uW).
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dTGR: A new rat model for systemic hypertensive retinopathy

Nadine Reichhart1, Christina Herrspiegel1, Sergej Skosyrski1, Nadine Haase 2, Ralf Dechend 2,
Olaf Strauß1

1Charité Universitätsmedizin Berlin, 2Max Delbrück Zentrum Berlin

Purpose: systemic and local RAs play important roles in the development of hypertensive
end-organ damage. To understand the pathomechanisms underlying hypertensive retinopa-
thy, we used a double transgenic rat model (dTGR), which expresses both the rat and human
RAs. The model leads to severe end-organ damage with animals dying by week 7 due to
hypertension and overstimulation of systemic RAs. Purpose of the study is to assess whether
systemic hypertension affects retinal structure and function.

Methods: by using flatmount preparations, immunohistochemistry of paraffine sections and
PatternERG we analysed the retinal phenotype of dTGR.

Results: flatmount preparations of the retina revealed focal avascular lesions as well as
pathological vessels with irregularities in shape and diameter compared to control animals.
In sagittal sections of the retina we detected a focal loss of retinal ganglion cells. GfAP stain-
ing revealed activation of astrocytes in the ganglion cell layer (GCl) and astrocytosis of the
optic nerve. vEGf-positive staining could be detected in the ganglion cell layer (GCl) and the
inner nuclear layer (INl).
To further substantiate the loss of ganglion cells detected in the paraffine sections, Pattern
ERG was carried out. by using different pattern sizes (15° and 5–7°) at 2.4 hz of the appearing
black and white checkerboard we showed that the positive component after about 50 ms
(P50) of the Pattern ERG was significantly smaller in dTGR compared to control rats at 5–7° of
the displayed pattern whereas the P50 at 15° remained unchanged. This indicates a loss of
ganglion cells in the retina.

Conclusion: Thus we present a first animal model for hypertensive retinopathy showing func-
tional and structural alterations of the retina. Astrocytosis and vEGf-A production in the inner
retina indicate possible pathomechanisms for further investigation. 
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Novel insights into visual information processing of human retina 

Katja Reinhard, Marion Mutter, Thomas Münch

Centre for Integrative Neuroscience, University of Tübingen, Tübingen, Germany

Purpose: Retinal information processing has been studied extensively in animal models.
Many specialized circuits have been identified that provide information about specific aspects
of the visual scene. It is often thought that such sophisticated image processing might be
absent in human retina. However, there is a lack of appropriate measurements: retinal infor-
mation processing in the human retina has not been studied with in-vitro methodology. fur-
ther, development of targeted treatment options against visual impairment also requires
more detailed knowledge about the human retina. We thus aimed to studying human retina
function at the cell and system levels in-vitro. Additionally, we evaluated the usability of post-
mortem human retinal tissue for tests of novel treatments against blindness.

Methods: Human retinas were provided by patients who had to undergo medically indicated
enucleation of one eye, and by post-mortem cornea donors. Pieces of these retinas were
placed ganglion cell side-down on 60-electrode multi-electrode arrays, and we recorded
spikes produced by retinal ganglion cells in response to light stimuli.

Results: In 8 out of 15 donated retinas we could measure abundant light responses. The re -
corded cells showed diverse properties, including ON-, Off- and ON-Off-responses, and dif-
ferent response latencies and transiencies. We found that human ganglion cells are tuned to
higher speeds and higher temporal frequencies compared to previously recorded mouse gan-
glion cells. further, we show that post-mortem human retina survives up to 27 hours after
death.

Conclusion: We show that it is possible to perform in-vitro electrophysiology and to measure
diverse light responses with human retina. The observed differences in speed tuning (human
vs. mouse ganglion cells) might be explained by the higher angular velocities to which human
ganglion cells are exposed in the bigger human eye. This pinpoints at the importance of
species-specific light stimulation when tracking down sophisticated retinal processing. We
found species-specific properties in one such retinal property, namely differences in temporal
frequency tuning between mouse and human ganglion cells. finally, we show that ganglion
cells can remain active in post-mortem human retinas for up to 27 hours, which allows for
future in-vitro treatment tests on such retinas.

Acknowledgements: We thank Prof. K. u. bartz-schmidt and the operating team of the uni-
versity Eye Hospital Tübingen for the collaboration during the donation process.
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Daylight vision repair by cell transplantation

Tiago Santos-Ferreira1, Kai Postel 1, Henrike Stutzki 2,3, Thomas Kurth1, Günther Zeck 2, Marius Ader1

1CRTD/DFG-Center for Regenerative Therapies Dresden, Technische Universität Dresden, Germany;
2Natural and Medical Sciences Institute at the University of Tübingen, Reutlingen, Germany; 3Gradu-
ate Training Centre of Neuroscience, Tübingen, Germany

Human daylight vision depends on cone photoreceptors and their degeneration results in
visual impairment and blindness as observed in several eye diseases including age-related
macular degeneration or late stage retinitis pigmentosa, with no available cure. Pre-clinical cell
replacement approaches in mouse retina are focused on rod dystrophies, due to the availabili-
ty of sufficient donor material from the rod-dominated mouse retina, leaving the development
of treatment options for cone degenerations not well studied. Thus, an abundant and trace-
able source for donor cone-like photoreceptors was generated by crossing the neural retina
leucine zipper-deficient (Nrl-/-) mice with an ubiquitous GfP reporter line. Cone-like photore-
ceptors were enriched by Cd73-based magnetic associated cell sorting and transplanted into
the subretinal space of adult wild-type, cone-only Nrl-/- or cone degeneration (Cpfl1) mice.
donor cells correctly integrated into host retinas, acquired mature photoreceptor morphology,
expressed cone-specific markers and survived for up to six months, with significantly increased
integration rates in the cone-only Nrl-/- retina. Integration rates were not influenced by subreti-
naly located macrophages or monocytes. Individual retinal ganglion cell recordings demon-
strated the restoration of photopic responses in cone degeneration mice following transplan-
tation suggesting, for the first time, the feasibility of daylight vision repair by cell replacement
in the adult mammalian retina.
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The role of CFHR3 and CFH-autoantibodies in age-related
macular degeneration

Schäfer N.1, Brandl C.2, Skerka C.3, Weber B. H. F.1 and Pauly D.1

1Institute of Human Genetics, University of Regensburg, Regensburg, Germany; 2Department of
Ophthalmology, University Hospital Regensburg, Franz-Josef-Strauss-Allee 11, 93053, Regensburg,
Germany; 3Department of Infection Biology, Leibniz Institute for Natural Product Research and
Infection Biology, Jena, Germany

Purpose: Age-related macular degeneration (AMd) is the most common cause of blindness in
the elderly. Activation of the complement system has been identified as a central mechanism
for the pathophysiology of AMd. In contrast, deletions of the complement factor H-related 1
and 3 (CFHR1/3) genes have been shown to be associated with a decreased risk of AMd
although the functions of the CfHR proteins still remain unclear. Autoantibodies against CfH
have been shown to be associated with CfHR1/3 deficiency in other diseases. The aim of our
work is to elucidate the effect of CfHR3 deletion in AMd patients. We will generate a mono-
clonal antibody against human CfHR3 to investigate the function of CfHR3, and we will deter-
mine anti-CfH autoantibody titer in AMd.

Methods: for the generation of anti-CfHR3 antibodies different immunization strategies in
mice were used. full-length CfHR3 and the short consensus repeat 5 domain (sCR 5) of CfHR3
were recombinantly expressed. Additionally, specific peptides for CfHR3 were identified in silico
via Abdesigner. The immunized mice antibody titers were analyzed by direct enzyme-linked
immunosorbent assay (ElIsA). blood samples of AMd patients and healthy controls were tested
for CfH-autoantibodies in an ElIsA.

Results: In silico analyses were performed to determine specific epitopes of CfHR3. The most
immunogenic peptides for CfHR3 were located in the sCR 5 domain. Two peptides based on
the highest IgG-score and uniqueness-optimized ranks were synthesized: peptide 1 [5’-NKN-
NIKLKGRSD-3’] and peptide 2 [5’-RSDRKYYAKTGD-3’]. Additionally, CfHR3 full-length protein
with sTREP-tag has been expressed in HEK293T cells and detected by Western blot. for the
detection of anti-CfH autoantibodies from blood samples an ElIsA was established and opti-
mized. Preliminary results showed that the CfH-autoantibody titer is not increased in blood
samples of AMd patients compared with healthy age-matched control samples. 

Conclusion: These initial results encourage further investigation into the functional role of
CfHR3 in AMd. further mouse immunizations are necessary to generate anti-CfHR3 antibod-
ies. Our preliminary CfH-autoantibody results are consistent with another study from the liter-
ature. further analyses with a higher number of samples will be performed to compare differ-
ent CfH-autoantibodies (IgG, IgM). 
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Stimulation of Müller glia proliferation and progeny generation
in the mouse retina

Patrick Schäfer1,3, Aleksandra Syta1, Konstantinos Anastissiadis 2, Mike O. Karl1,3

1Center for Regenerative Therapies Dresden (CRTD);  2 Biotechnology Center (BIOTEC) TU Dresden,
Fetscherstrasse 105, 01307 Dresden, Germany; 3German Center for Neurodegenerative Diseases
(DZNE), Arnoldstrasse 18, 01307 Dresden, Germany;
Contact: Patrick.schaefer@crt-dresden.de & mike.karl@dzne.de

Purpose: In the human and mouse retina Müller glia (MG) are well known to undergo gliosis in all
major types of retinal diseases – which sometimes may even lead to scar formation due to prolifer-
ative gliosis. some studies suggest that in the mouse retina MG derived neuronal regeneration can
be stimulated, but only to a very limited extent. Here, we started to find out, if conditional immor-
talization might stimulate MG derived proliferative gliosis and/or neuronal regeneration. 

Results: In the juvenile mouse retina, after retinogenesis is finished, some Müller glia shift from a
quiescent differentiated state into a proliferative state upon damage of retinal explants ex vivo.
This process is inducible by mitogens. Edu (s-phase marker) experiments revealed a tremendous
increase in MG proliferation within the first two days, a peak of Edu positive cells at day 4 (14+-
2sEM) and a decrease until day 6 (4+-0.4sEM,) per ROI. These results were consolidated with QPCR.
Next, we used transgenic mice with tightly and temporally controlled expression of the proto-
oncogene sv40 large T-antigen (csv40lT). It is well reported that csv40lT binds several proteins
including the tumor suppressor p53 and retinoblastoma and bypasses cell cycle checkpoints.
Induction of the csv40lT for 6 days ex vivo led to an overall increase in proliferation compared to
control. The number of active cycling (Ki67+) cells was 6-fold increased (sv40lT:32+-6sEM,
CTRl:5+-1sEM) per ROI. It was even possible to keep a cycling population until 10 days csv40lT. 
To allow future manipulation of retinal cells in large scale we tested primary cell culture approach-
es. MG show same characteristics like in organ culture (damage induction, cell cycle re-entry fol-
lowed by decline in proliferation). further we established protocols to fACsort MG with a high
purity (>80 %). We tested and confirmed its suitability for downstream applications (MG cell cul-
ture, transcriptome analysis, transplantations). 

Summary & Conclusion: Our results so far suggest that induction of csv40lT not only overcomes
the proliferative restriction of Müller glia but also maintains its progeny in the cell cycle over
extended period of time. surprisingly, major parts of the generated cell progeny formed gliotic cell
clusters, which were all located within the boundaries of the retina. We further developed tools
which allow manipulation of retinal cells and especially MG in a large scale.
In our current and future work we study the Müller glia and its derived progeny to find out the
underlying mechanisms that enable neuronal regeneration and prevent gliotic scar formation.
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Optimization of subretinal electrical stimulation parameters

Sudarshan Sekhar, Archana Jalligampala, Eberhart Zrenner, Daniel Rathbun

University of Tuebingen Eye Clinic

Purpose: We sought to estimate the optimal voltage amplitude and duration of a square-
wave electrical pulse with which to stimulate the mouse retina by looking for the stimuli that
would activate the maximum number of retinal ganglion cells (RGCs). 

Methods: Multielectrodearray recordings of extracellular RGC spikes were made from the iso-
lated mouse retina (MultiChannel systems, Reutlingen, Germany). for stimulation, a square-
wave voltage pulse of varying amplitude and duration was presented. Amplitudes ranged
from -2500 mv to 2500 mv in 500 mv steps; and 8 durations were presented ranging from 300
to 5000 µsec. Only voltage-duration pairs that fell below the safe charge injection limit were
presented.
To smooth the noisy response surfaces of firing rate (in Hz) plotted vs. both voltage (v) and
duration (µsec), we processed the surface with a weighted lOEss fit where the weight for
each average response was determined by the reliability of the response across 5 repetitions
(victor & Purpura 1997). The chosen weighting metric calculates the mean Euclidean distance
between spike train pairs for all pairwise combinations at a given stimulus setting. When the
distance is less (more reliable), the weight given to the response is higher. 

Results: fits for individual RGCs were averaged across all cells to obtain a population average
with a peak that drivesa maximal population response at approximately -2000 mv and
1500 µsec. However, there is little indication of what fraction of the population is driven by
this stimulus. Alternatively, we identified all stimuli that drove a given cell within the 10–90 %
range (from spontaneous to maximal firing rate). These stimuli were assigned a value of 1 and
all other stimuli a value of 0. by averaging the resultant binary surfaces, we were able to deter-
mine the fraction of cells that were driven within the 10–90 % range for each stimulus. surpris-
ingly, the stimuli activating a maximal fraction of the cell population differed noticeably from
the peak response stimuli found above.

Conclusion: Population averages do not always reveal the optimal stimulus for activating a
maximal fraction of the RGC population. We will next extend this method to identify iterative
stimuli that could collectively activate an even greater fraction of the population.

victor Jd, Purpura KP “Metric space analysis of spike trains theory algorithms and application.”
Network 1997
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Reduced pattern ERG in mouse model for neuronal ceroid
lipofuscinosis

Sergej Skosyrski, Nadine Reichhart, Olaf Strauß

Experimental Ophthalmology, Department of Ophthalmology, Charité University Medicine Berlin

Purpose: The Cln3 murine model for juvenile neuronal ceroid lipofuscinosis (batten disease)
shows a mild retinal degeneration in elder animals (age higher than 12 months) with alter-
ations in the CNs including an Optic nerve degeneration. Purpose of the study is the investi-
gation of the ganglion cell function as mechanism for early onset loss of vision.

Methods: Ganzfeld ERG (photopic according to IsCEv standard) and pattern ERG (pattern
size: between15°and 4°; frequency: 0.8 Hz, 2.4 Hz and 6.7 Hz) were recorded. The density of
retinal ganglion cells was compared between wild-type (Cln3+/+, n = 5) and mutant (Cln3-/-
n = 8) siblings at the age of 9 months by means of immune histochemistry.  

Results: Cln3 mice showed at the age between 9 and 12 months normal photopic Ganzfeld
ERG b-waves when compared to the wild-type control littermates. The pattern ERG showed at
the pattern sizes 15° and 10° no differences of the P1 amplitude whereas at the pattern sizes
between 4°–9° degrees the P1 amplitudes were significantly smaller in the Cln3 mice in com-
parison with their wild-type littermates. In contrast histochemical analysis of sagittal sections
of the retina revealed to differences in the ganglion cell density between Cln3 and wild-type
mice.

Conclusion: The Ganzfeld ERG confirms previously published data that this model shows reti-
nal degeneration at ages higher than 12 months. The same applies for retinal ganglion cells
which showed no abnormalities at the age of 9 months. However, at this age we found strong
alteration of the retinal ganglion cells function. Thus changes in visual function in batten dis-
ease already occur by decreased retinal ganglion cell function before onset of ganglion cell
loss.
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Assessment of foveal sparing of reticular drusen in patients with
age-related macular degeneration

Julia S. Steinberg, Steffen Schmitz-Valckenberg, Monika Fleckenstein, Frank G. Holz

Department of Ophthalmology, University of Bonn, Germany

Purpose: To evaluate foveal sparing of reticular drusen (RdR) in patients with early age-relat-
ed macular degeneration (AMd) using confocal scanning laser ophthalmoscopy (cslO) and
spectral-domain optical coherence tomography (sd-OCT). 

Methods: simultaneous combined near-infrared (NIR) cslO and sd-OCT imaging (spectralis,
Heidelberg Engineering) was performed in 27 eyes of 21 patients (mean age 81 years, range
52–90) with RdR and early AMd. Early AMd was defined by the appearance of drusen or pig-
mentary changes but without signs of late AMd. The appearance and the distribution of RdR
within the center macula were analyzed.

Results: RdR were detectable in NIR images as small hyporeflective lesions and larger hypore-
flective rings with a hyperreflective center. In the corresponding sd-OCT scans, a wave-like
pattern in the outer retina was noticed. A sparing of RdR with no visible individual lesions in
the central macula was observed in 21 eyes, whereas the spared area circle size varied be -
tween 800 µm to 2000 µm. In 6 eyes, a few single RdR lesions were found within the 800 µm to
2000 µm diameter central circle, while RdR density (number of individual RdR per involved
retinal area) was much higher towards eccentricity. In 12 eyes, foveal sparing of RdR with a
horseshoe or incomplete ring appearance was present. The highest density was typically seen
in the superior part, while the density tended to be lowest temporal and inferior to the fovea.

Conclusions: foveal sparing of RdR is found in patients with nonexudative AMd. The findings
are in accordance with a dynamic process of RdR evolution and involvement of the fovea not
until later in the disease process. factors for temporary sparing of the foveal retina are yet
unknown, but may relate to different photoreceptor density and predominance of cones. lon-
gitudinal studies with larger populations are warranted to further determine the natural histo-
ry of variations in RdR distribution over time.
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Visual responses in rd retina driven by rod bipolar cell targeted
CatCh 

Natalia Świętek, Thomas Münch

Centre for Integrative Neuroscience, University of Tübingen, Tübingen, Germany

Purpose: Retina degenerative diseases cause blindness and life condition impairment of
many people. suitable therapeutic approaches, like gene therapy, exist only for a few of these
diseases. Recently, optogenetics was developed as a new approach which provides new op -
por tunities for treatment of retinal degenerative diseases. In this project, we evaluated the
expression of a Channelrhodopsin variant called CatCh, which is 70-times more light sensitive
than ChR-2, specifically in rod bipolar cell.

Methods: We prepared a plasmid in which the CatCh gene was put under the control of the
rod bipolar cell specific promoter l7. We used a shortened 1kb promoter sequence (sl7),
around 1/3 of the promoter size used so far with retina. Retinas of wild-type and retinal
degeneration (rd1) mice were transfected with this plasmid at postnatal day 1 (P1) through in-
vivo electroporation. Multi-electrode array (MEA) recordings of isolated retina obtained
between P21 and P72 were used to evaluate functional expression of sl7-CatCh. We applied
blue and orange flashes, combined with application of 20 µm APb (blocking input to ON bipo-
lar cells), to distinguish between CatCh-driven and photoreceptor-driven light responses.

Results: sl7-driven expression levels were generally very low. Co-injected and co-electroporat-
ed control plasmids (Ef-1alpha or CMv-promoter driven fluorescent proteins) usually showed
much stronger expression. Nevertheless, MEA experiments showed CatCh driven re sponses,
i.e. ON responses that were selective to the blue light stimulus (but not orange), and that
remained in the presence of APb. We observed such results in wild-type mice as well as in rd1
mice (age of 72 days).

Conclusion: The channelrhodopsin-variant CatCh is very promising for vision restoration.
despite weak expression retinal responses could be recorded. In vivo electroporation as a
transfection technique is successful, but too restricted in terms of the transfected retinal area.
Thanks to the small promoter size of sl7, the whole dNA sequence encoding promoter and
CatCh sequence is below 4kb and can be packaged into an adeno-associated virus. virus-
mediated gene transfer of the l7-based CatCh construct will be tested in the future.
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Identification of a novel neurotrophic factor from primary retinal
Müller cells using SILAC

Christine von Toerne1, Jacob Menzler1, Alice Ly1, Nicole Senninger1, Marius Ueffing1,2,
Stefanie M. Hauck1§

1 Research Unit Protein Science, Helmholtz Zentrum München, German Research Center for Envi-
ronmental Health (GmbH), Neuherberg, Germany; 2 Centre of Ophthalmology, University Medical
Centre, Tübingen, Germany; § corresponding author: Stefanie M. Hauck, Research Unit Protein Sci-
ence, Helmholtz Zentrum München, German Research Center for Environmental Health (GmbH),
Ingolstädter Landstr. 1, 85764 Neuherberg, Germany. Email: hauck@helmholtz-muenchen.de

Retinal Muller glial cells (RMG) have a primary role in maintaining the homeostasis of the reti-
na. In pathological situations, RMG execute protective and regenerative effects, but can also
contribute to neurodegeneration. Cultured primary RMG have recently been recognized to
secrete pro-survival factors for retinal neurons for up to two weeks in culture, but this ability is
lost when RMG are cultivated for longer durations. In our study, we investigated RMG super-
natants for novel neuroprotective factors using a quantitative proteomic approach. stable iso-
tope labeling by amino acids in cell culture (sIlAC) was used on primary porcine RMG. super-
natants of RMG cultivated for two weeks were compared to supernatants from cells which
had already lost their protective capacity. using this approach, we detected established
neuro trophic factors such as transferrin, osteopontin (sPP1), and leukemia inhibitory factor
(lIf), and identified C-X-C motif chemokine 10 (CXCl10) as a novel candidate neuroprotective
factor. All factors prolonged photoreceptor survival in vitro. Ex-vivo treatment of retinal
explants with lIf or CXCl10 demonstrated a neuroprotective effect on photoreceptors (PR).
Western blots on CXCl10 and lIf stimulated explanted retina and PR lysates indicated activa-
tion of pro-survival signal Transducer and Activator of Transcription (sTAT) signaling and b-
cell lymphoma (bCl) pathways. These findings suggest that CXCl10 contributes to the sup-
portive potential of RMG towards retinal neurons.
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Survival of retinal ganglion cells is mediated by PEDF from Müller
glial cells

J. D. Unterlauft, P. Wiedemann, W. Eichler

Klinik & Poliklinik für Augenheilkunde, Universitätsklinkum Leipzig AöR, Liebigstrasse 10–14,
04105 Leipzig

Purpose: It was our aim to show that pigment-epithelium derived factor (PEdf) of glial origin
protects retinal ganglion cells (RGC) from pathologic external influences and which pathways
are utilized. 

Material & Methods: Homotypic and coCulture experiments using immunoisolated primary
RGC and cultured Müller glial cells were conducted for 24 hours under normoxic (95 % air;
5 % CO2 ) and hypoxic conditions (0 % O2 ; 5 % CO2 ; 95 % N2 ). PEdf was substituted in differ-
ent concentrations to homotypic cultures and blocked using the appropriate antibody in
coCulture experiments. Nfκb activity was detected using immunohistochemical staining
methods. 

Results: After 24 hours of normoxic incubation RGC survival rate was 54.04 ± 0.03 % in homo-
typic and 68.52 ± 0.03 % in coCultures. Hypoxic incubation led to a decrease of RGC survival
with 32.84 ± 0.02 % in homotypic and 44.83 ± 0.02 % in coCultures. supplementation of PEdf
led to an increase of RGC survival in homotypic cultures whereas addition of neutralizing anti-
body led to a decrease of RGC survival in coCultures. Immunohistochemical staining of Nfκb
showed PEdf-dependent activation under normoxic and hypoxic conditions. Inhibition of
Nfκb decreased RGC survival under normoxic and hypoxic conditions.

Conclusion: Our experiments demonstrate the neuroprotective properties of PEdf of glial
origin and its mode of action through the Nfκb-pathway.
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Efficiency of retinal cell fate induction from mouse embryonic
stem cells and hPax6-GFP reporter expression

Manuela Völkner1,3, Maria Rostovskaya 2, Konstantinos Anastassiadis 2, Mike O. Karl 1,3

1 DZNE, Arnoldstraße 18, 01307 Dresden, Germany; 2 TU Dresden, BIOTEC, Tatzberg 47/49,
01307 Dresden, Germany; 3 TU Dresden, CRTD, Fetscherstraße 105, 01307 Dresden, Germany
manuela.voelkner@dzne.de

The differentiation of pluripotent stem cells into retinal cell types opens new possibilities for
studies on retinogenesis, retinal degeneration and regeneration. Recently, several protocols
for the differentiation of pluripotent stem cells into retinal cell types have been developed.
Here, we modified a recently developed mouse embryonic stem cell (mEsC) three-dimension-
al differentiation approach (Eiraku et al, Nature 2011), to make it independent of a transgenic
eyefield reporter, and investigated the efficiency of mEsC derived retinogenesis at all steps of
the protocol. further, we characterized the GfP expression pattern of a novel hPax6-GfP
transgenic mEsC reporter in retinogenesis.
We achieved efficient eyefield induction (82±12 sd % of aggregates, N=7), as well as pattern-
ing into RPE and neural retina domains. However, optic cup-like structures were not formed.
further, upon randomly cutting aggregates into three evenly sized pieces, the majority (86±6
sd % of aggregates, N = 2) generated big, stratified retinal tissue, reminiscent of early postna-
tal retina in vivo. Each aggregate retina had between 0.41 to 1.9 mm (1.4 ± 0.4 sd) photore-
ceptor layer circumferential length. This novel approach makes the generation of mEsC
derived, stratified retina simpler and independent of an eyefield transgenic fluorescent
reporter. using this 3d retinal differentiation approach, we found that the hPax6-GfP reporter
construct is expressed in a major amacrine population (Pax6+, brn3-, HuCd+, AP2a+,
bHlHb5+, Ebf3+), as well as a retinal progenitor or precursor subpopulation (Pax6+, PH3+,
Rx+, Chx10+, Crx+) of the Pax6 lineage. Interestingly, two different mEsC clones carrying this
reporter construct showed striking differences in GfP expression, which started later in clone
2 and with less cell types being GfP+ compared to clone 1. Therefore, these novel mEsC
reporter lines will be a useful tool to study lamination, amacrine lineages and subtypes, wiring
and patterning and degeneration of amacrine neurons in mEsC derived retina.

References: Eiraku M, Takata N, Ishibashi H, Kawada M, sakakura E, Okuda s, sekiguchi K,
Adachi T, sasai Y. (2011). self-organizing optic-cup morphogenesis in three-dimensional cul-
ture. Nature7; 472:51–6.
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Gliotransmitter release from retinal Müller glial cells and its
effects on neuronal survival after transient ischemia

Wagner L.1, Pannicke T.1, Haydon P. G. 2, Reichenbach A.1, Weber B. H.3, Grosche A.3

1 Paul-Flechsig-Institute of Brain Research, University of Leipzig, Leipzig, Germany; 2 Department of
Neuroscience, University of Pennsylvania, Philadelphia, USA; 3 Institute of Human Genetics, Uni-
versity of Regensburg, Regensburg, Germany

Purpose: There is an ongoing debate whether glial cells are capable to release neuroactive
transmitters via regulated exocytosis and thereby fuel the neuron-glia crosstalk. A prerequi-
site for such kind of glia-neuron interaction is a tightly regulated fast transmitter release from
both neurons and glia cells. Glutamate, adenosine-5'-triphosphate (ATP) and adenosine are
set free in the context of the volume regulatory signalling cascade of retinal Müller glial cells.
Although the action of these gliotransmitters on Müller cells is well described, little is known
about release mechanisms. We aimed at characterizing the latter in more detail and to investi-
gate the impact of a disrupted exocytotic gliotransmitter release during retinal pathology. 

Methods: We modified a fluorometric enzyme assay based on the Amplex® Red system to
visualize glutamate, ATP and adenosine release from acutely isolated murine Müller cells.
These measurements were performed on Müller cells of wildtype and mice that express
specifically in glial cells a dominant-negative sNARE (dnsNARE) protein that blocks the vesicu-
lar release. A model of ischemia/reperfusion was applied to investigate the impact of glial
dnsNARE expression under pathological stress conditions.

Results: We demonstrate that Müller cells are capable to release glutamate via regulated exo-
cytosis as significantly less glutamate was liberated from Müller cells of dnsNARE mice. Addi-
tionally, at least one alternative calcium-dependent pathway is involved in glutamate release
from Müller cells. Putative candidates are hemichannels and NPPb-sensitive big anion chan-
nels. Next, we modified the assay enabling the detection of ATP and this provided first direct
evidence for their release by Müller cells. Pharmacological data suggest that hemichannels
rather than exocytosis play a role in ATP release. finally, we compared neuronal survival after
transient ischemia in wildtype and dnsNARE mice. Interestingly, less neurodegeneration was
found in the latter. 

Conclusion: We demonstrate that Müller cells are capable to release glutamate via exocyto-
sis, while ATP is liberated via hemichannels. Importantly, lack of vesicular release from Müller
cells appears to have positive effects in the ischemic retina. This might be due to a reduced
amount of glial glutamate being released and, hence, less detrimental neuronal hyperexcita-
tion associated with ischemia.
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In vivo imaging of the adult zebrafish retina by Optical Coherence
Tomography (OCT)

Anke Weber, Maria Gärtner1, Peter Cimalla1, Felix Köttig1, Edmund Koch1, Michael Brand

Biotechnology Center (BIOTEC) and Center for Regenerative Therapies Dresden CRTD, TU Dresden,
Dresden, Germany. 1Medizinische Fakultät Carl Gustav Carus, Dresden
michael.brand@biotec.tu-dresden.de

Purpose: The zebrafish retina is a prominent model to study both degeneration in disease
models and regeneration after injury. In vivo imaging by means of optical coherence tomogra-
phy (OCT) allows to study morphological changes within the same retina over weeks and is
therefore a powerful tool to mechanistically dissect retinal degeneration and regeneration. 

Methods: To improve OCT imaging in zebrafish, we developed a zebrafish eye model (Gaert-
ner et al., 2014) using geometrical data obtained by in vivo dispersion encoded full range OCT
as well as a dispersion comprising gradient index (GRIN) lens model based on refractive index
data found in the literature. With the aid of the zebrafish eye model, the optics of the OCT
scanner head in our customized OCT setup were adjusted to provide high-resolution retinal
images with a field of view of 30° x 30°. 

Results: We have developed an optimized OCT setup for high quality OCT imaging of retinal
degeneration and regeneration in living adult zebrafish, employing two different light lesion
paradigms and comparison to histology data (Weber et al., 2013). Moreover the uv cone pho-
toreceptor mosaic, as well as light adaptation of the retinal pigment epithelium can be visual-
ized by OCT. In the future, a hybrid system that allows simultaneous high-resolution spectral
domain optical coherence tomography (OCT) in the near-infrared and single-photon excited
fluorescence (sPEf) detection in the green and red visible wavelength range (Cimalla et al.,
2011) will be further optimized for in vivo detection of fluorescently labelled retinal cells.

Conclusion: using a customized OCT setup, we demonstrate the application of OCT in
zebrafish, allowing us improved retinal in vivo imaging of the degenerating and regenerating
adult zebrafish retina. 
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