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

WHO WE ARE
The patient-organisation, “Pro Retina deutschland e.v.”, was founded in 1977 as „deutsche Retinitis
Pigmentosa-vereinigung“ by patients and their relatives intended to organize help for themselves.
The three objectives mentioned in the constitution are to actively support research, to give psycho-
logical 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 (2010), PRO RETINA deutschland e.v. counts more than 5,800 members. The board,
the Counsellors, 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 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 Medizinisch-
er 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 result 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.

P R O  R E T I N A
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Friday, April 8th 2011

13:00–13:05 Opening remarks: franz badura (PRO RETINA foundation, research division)

13:05–13:25 Introduction: Eberhart Zrenner (Chairman, scientific Medical Advisory board)
Tübingen: “Hereditary retinal degeneration – Roadmaps of national and interna-
tional research”

13:25–13:45 Spotlight: bernd Wissinger, Tübingen: “HOPE and orphan diseases in Germany“

13:45–14:30 Opening lecture: Heinz Wässle, frankfurt: “The eye as a window of the brain“

14:30–15.30 Coffee break and scientific chitchat

15:30–17:30 Session 1
Channelrhodopsins: Applications and photochemistry

Chairman: Prof. Klaus W. Rüther

15:30 – 16:00 Peter Hegemann, berlin: “Optogenetic tools for Retinal
Prosthesis”

16:00 – 16:30 Nir Grossmann, london: “Engineering Optogenetic Retinal
Prosthesis”

16:30 – 17:00 botond Roska, basel: “Restoring visual function with optogenetic
tools”

17:00 – 17:30 franz bartl, berlin: “Photochemistry of Channelrhodopsins”

17:30–18:00 Keynote lecture: Roderick R. McInnes, Montreal: “Responses of the Retina in
inherited photoreceptor degenerations and prospects for their treatment”

18:00 dinner

19:30 Swingin’ poster session

PRELIMINARY PROGRAMME
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PRELIMINARY PROGRAMME

Saturday, April 9th 2011

08:30–10:30 Session 2
Organelles and retinal degeneration

Chairman: Prof. Olaf strauß

08:30 – 09:00 Jürgen Kopitz, Heidelberg: “Lysosomal dysfunction of retinal
Pigment Epithelium contributes to the pathogenesis of age-related
Macular Degeneration”

09:00 – 09:30 Patrick dolph, New Haven: “Endocytosis-mediated cell death in
Drosophila”

09:30 – 10:00 Mike Cheetham, london: “The X-linked retinitis pigmentosa
protein RP2 in vesicle traffic and cilia function” 

10:00 – 10:30 Miguel seabra, london: “Rab GTPases, membrane traffic and
retinal degeneration”

10:30–11:30 Coffee break

11:30–12:55 Session 3
Selected poster presentation and Poster Award 2011  

Chairman: Prof. bernhard H. f. Weber

12:55–13:00 Concluding remarks

13:00 lunch and end of meeting

R E T I N A L  D E G E N E R AT I O N
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Hereditary retinal degenerations – Roadmaps of national and
international research

Eberhart Zrenner

Department for Ophthalmology, University of Tuebingen

Congenital retinal degenerations are the most frequent cause of blindness in young adults.
Research into causes is now well under way and has yielded new approaches to diagnosis and
therapy, several of which are being clinically tested already. These include:

High throughput mutation screening, allowing cost effective fast assessment of  the genet-
ic origin
Proteomics, unraveling networks of proteins involved in the pathophysiological mechanism
Molecular imaging, visualizing cells and molecules involved in the degeneration process
Multimodal mapping for improved differentiation of disease development
Gene Therapy: A good number of animal models with retinal degenerations have been treat-
ed successfully. Three gene therapy studies of leber’s congenital amaurosis demonstrate the
safety and the efficacy of subretinal transvection based on viral vectors. further gene therapy
studies on stargardt’s disease, usher-syndrome, retinoschisis and achromatopsia are at the
preparatory stage.
Neurotrophic factors: Encapsulated cell factories that produce ciliary neurotrophic factors
(CNTf)  are being transferred into the vitreous body; the study is now already in phase 3 and it
has produced interesting rescue results. 
Electrostimulation: Ocuvision GmbH has developed a transcorneal method of electrical
stimulation, shown in a controlled clinical study,  to enlarge the visual field and to increase the
amplitude of rod b-waves; animal experiments have give reason to believe that endogenous
growth-stimulating factors are released by electrostimulation.

“Visual cycle modifiers” are being used by Acucela Inc. to alleviate  metabolic disorders ars-
ing from enzyme defects in the rhodopsin cycle.
Antioxidative treatment: Animal models have demonstrated that antioxidative “cocktails”
slow down the rate of degeneration; in spain a corresponding clinical study is under way.
Stem-Cell Transplants have shown new possibilities of replacing cells; however, the control
mechanisms have not yet been understood well enough to warrant a clinical trial.
Optogenetic approaches bring light sensitive ion channels into the cytoplasmic membrane
of retinal neurons. At present, too much light is still necessary, and the temporal resolution is
yet too limited, even though in mouse models proof of concept has been achieved.
Electronic subretinal implants have been able to restore a certain degree of vision in a cou-
ple of patients participating in current clinical studies. for totally blind patients this method
may be a helpful approach.
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Summary: It can be expected that not only therapies tailored to  individual mutations, but
also generally neuroprotective substances are going to emerge from pre-clinical and clinical
studies; thus strong efforts should be made to bring these new therapeutic approaches into
clinical application. This  needs to be complemented by newly emerging techniques of molec-
ular imaging and electrophysiological function testing that allow highly sensitive monitoring
of safety and efficacy of such therapeutic approaches. In parallel further efforts are necessary
to unveil the causes of retinal degeneration on molecular and cellular level to understand the
exact mechanisms of the degeneration process to further discover effective therapeutic
strategies for the various forms of retinal degeneration.

R E T I N A L  D E G E N E R AT I O N
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The Eye as a Window of the Brain

Heinz Wässle

Department of Neuroanatomy, Max-Planck-Institute for Brain Research, Deutschordenstrasse 46,
D-60528 Frankfurt/Main, Germany

Our eyes send different ‘images’ of the outside world to the brain – an image of contours (line
drawing), a colour image (watercolour painting) or an image of moving objects (movie). This is
commonly referred to as parallel processing, and starts as early as the first synapse of the reti-
na, the cone pedicle. Here, the molecular composition of the transmitter receptors of the post-
synaptic neurons defines which images are transferred to the inner retina. Within the second
synaptic layer – the inner plexiform layer – circuits that involve complex inhibitory and excita-
tory interactions represent filters that select ‘what the eye tells the brain’.

In the first part of the talk, the different morphological types of retinal ganglion cells will be
introduced and their physiological roles will be discussed. There are at least 15 types of gan-
glion cells, which all cover the retina with their dendritic fields.
They send 15 images of the outside world to the visual centres of the brain. 
In the second part it will be shown that the 12 different types of bipolar cells represent parallel
channels that transfer the visual signals from the outer to the inner plexiform layer. The path-
way selecting the chromatic signals of l-, M- and s-cones will be discussed in more detail.
finally the molecular composition of the glutamate receptors at the cone output synapse will
be presented.
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New Channelrhodopsin Variants for Application in Visual
Prosthesis

Peter Hegemann, Matthias Prigge, and Franziska Schneider

Biology, Experimental Biophysics, Humboldt-Universität zu Berlin

Purpose: The death of photoreceptor cells caused by retinal degenerative diseases often
results in a complete loss of retinal responses to light. bi et al. 2006 and lagari et al. 2008 were
the first converting inner retinal neurons to photosensitive cells by expressing microbial
rhodopsins as Channelrhodopsin (ChR) and Halorhodopsin in these cells as a possible strategy
for imparting light sensitivity to retinas lacking rods and cones. One limiting step for ChR
application is the low light sensitivity of ChR-expressing cells and the high blue-light intensi-
ties needed to produce a usable visual signal. This is caused by the low unitary conductance of
wild type ChRs and the limited number of molecules that can be expressed in secondary reti-
nal cells. 

Methods: Our research group is studying light-gated ion channels (Channelrhodopsins, ChR)
from green algae and constructed hybrids by exchanging transmembrane helices between
different ChR-species. based on computer modeling we identify amino acid residues that
might be critical for the ChR-function replace these by other residues by side directed muta-
genesis. The new proteins are tested respective electrical properties in Xenopusoocytes and
HEK293 cells. spectral properties are tested on purified recombinant ChRs that are produced
in COs-cells or the yeast Pichiapastoris. In case the ChR-variants gained properties that are of
potential interest for retinal prosthesis they are tested in blind mice in the group of Zhuo Pan
(detroit).

Results: We will present engineered ChRs-variant with shorter or extended open state lifetime
(berndt et al. 2009, Gunaydin et al. 2010), higher conductance, and reduced degree of inacti-
vation in continuous light. We recently combined helices of ChlamydomonasChR1 and volvox
vChR1 and have generated the ChR-hybrid C1v1 with red-shifted absorption spectrum
(λmax= 540 nm) and excellent expression and membrane targeting thus allowing depolariza-
tion of host cells with 600 nm light of moderate intensities. This hybrid exhibits an open state
lifetime of 90 ms, which is considered as ideal for retinal prosthesis in order to get maximal
photocurrents with retained visual motion. finally we will present approaches for the modifi-
cation of the ion selectivity of the various ChR wild type and hybrids.

Conclusion: Engineering of Channelrhodopsin allows the production of directly light-activat-
ed ion channels with properties that are superior over the existing ChRs for restoration of pho-
tosensitivity to animal models of retinitis pigmentosa and possibly to human patients.

R E T I N A L  D E G E N E R AT I O N
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bi, A., Cui, J., Ma, Y.-P., Olshevskaya, E., Pu, M., dizhoor, A.M., and Pan Z.-H. (2006) Ectopic ex -
pression of a microbial-type rhodopsin restores visual responses in mice with photoreceptor
degeneration. Neuron 50:23-33.
lagali Ps, balya d, Awatramani Gb, Münch TA, Kim ds, busskamp v, Cepko Cl, Roska b (2008)
light-activated channels targeted to ON bipolar cells restore visual function in retinal degen-
eration. Nature Neurosci. 11:667-675
berndt, A., Yizhar, O., Gunaydin, l., Hegemann, P., and deisseroth, K. (2009) bistable neural
state switches. Nature Neurosci. 12(2):229-34.
Guanaydin, l., Yizhar, O., berndt, A., sohal, v., deisseroth, K., and Hegemann, P. (2010) ultrafast
optogenetics: precise neural control beyond the gamma band. Nature Neurosci. 13, 387-393
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Engineering ChR2-based Retinal Prosthesis

N. Grossman, K Nikolic, P Degenaar

Background: during the last decades there have been immense efforts worldwide to develop
retinal prosthesis solution for patients who suffer from retinal dystrophies such as age-related
macular degeneration (AMd) and retinitis pigmentosa (RP). Hitherto efforts have been based
on implanted arrays of electrodes. despite some recent progress, it is becoming apparent that
this approach is unlikely to restore sufficient level of vision due to fundamental engineering
limitations. 

Purpose: Herein, a new type of retinal prosthesis that is based on genetic expression of a
microbial light sensitive ion channel, Chanelrhodopsin-2 (ChR2), and a remote light stimula-
tion is developed. In this case the optoelectronic circuitry is fully external and hence would
not suffer from the problems of electrical retinal implants. 

Methods: An optical hardware was developed by processing gallium nitride semiconductor
wafers. Proof-of-concept tests were done on retina slices of blind rd1 mice in which the retinal
ganglion cells (RGCs) were transfected with ChR2-YfP using electroproration. 
A model that represents the response of ChR2-expressing neurons to light stimuli was devel-
oped and implemented in simulink (Mathworks Inc). The induction of ChR2’s conductivity with
light was modelled with a branched four-state model. The effect of the induced conductance
on the neuron was determined with a cable model which contains active Hodgkin-Huxley
type elements. 

Results: We developed an optical hardware that has both the light intensity and the paral-
lelism to evolve into a realistic optoelectronic visual prosthesis. The optical module is capable
of generating >4000 pixel stimulation images on the ChR2-sensetiized retina with a single cell
resolution. We demonstrated its functionality ex-vivo on blind mice retinas with RGCs express-
ing ChR2.
We investigated the dynamics of the light-to-spike stimulation process via ChR2. We found
that in pulsed mode illuminations, the stimulation efficiency is limited by ChR2 adaptation
and incomplete recovery of the rest potential between spikes. We showed that a better spik-
ing yield can be achieved by using short and intense pulses. We also found through simulation
that while increasing the lifetime and shuttering speed of ChR2 will provide only limited
improvement in the spiking efficiency, reducing the threshold irradiance by increasing the
conductance will circumvent the ChR2 adaptation and allow constant dynamic range.

Conclusions: This work examined the engineering challenges in developing a ChR2-based
retinal prosthesis and presented initial results from pre-clinical testing.

R E T I N A L  D E G E N E R AT I O N
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Botond Roska

Friedrich Miescher Institute for Biomedical Research, Neural Circuit Laboratories, 
4058 Basel, Switzerland

Retinitis pigmentosa (RP) refers to a diverse group of progressive, hereditary diseases of pho-
toreceptors that lead to incurable blindness and affect two million people worldwide. Artificial
photoreceptors constructed by gene delivery of light activated channels or pumps (“optoge-
netic tools”) to surviving cell types in the remaining retinal circuit has been shown to restore
photosensitivity in animal models of RP at the level of the retina, cortex as well as behaviorally.
The translational potential of this optogenetic approach has been hinted by in vitro studies
using post mortem human retinas. I will discuss recent developments in this expanding field
and the potentials/limitations of the future use of optogenetic-engineering in RP patients.
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Photochemistry of Channelrhodopsins

Eglof Ritter1,  Patrick Piwowarsiki1,  Katja Stehfest2, Peter Hegemann2 and Franz Bartl1

1 Institut für Medizinische Physik und Biophysik, Charité-Universitätsmedizin Berlin, Charitéplatz 1,
10117 Berlin, Germany

2 Institut für Biologie, Experimentelle Biophysik, Humboldt-Universität zu Berlin, Invaliden-
strasse 42,  10115 Berlin   

Phobic responses and phototaxis in green algae are mediated by channelrhodosins (ChRs),
light gated ion channels that serve as sensory photoreceptors [1-3]. In neurosciences they
have been recently used to depolarize specific cells with light. despite such promising appli-
cations, molecular details of their light-induced photoreaction including  formation of the
conducting state, the isomerization state of the chromophore and the role of specific amino
acids for the formation of the different intermediates are largely unknown. We present a
model of the photocycle of slow cycling mutants C128T and C128s with 200 and 2000 fold
extended life time of the conducting state as compared to wildtype [4], respectively. for these
mutants under prolonged illumination conditions the photocycle exhibits a branch-off in
which blue shifted species accumulate. The recovery of the ground state from these interme-
diates is slow and occurs within a time scale of 100 – 1000 s. 
based on uv/ vis and fTIR spectroscopic data [5, 6] and on HPlC retinal extraction we investi-
gated the isomerization state of the chromophore and it connection to the various intermedi-
ates of the photocycle.

[1] Nagel, G., Ollig, d., fuhrmann, M., Kateriya, s., Musti, A., bamberg, E. and Hegemann, P.
(2002) science 296 

[2] Nagel, G., szellas, T., Huhn, W., Kateriya, s., Adeishvilii, N., berthold, P., Ollig, d., Hegemann,
P., and bamberg, E. (2003), Proc. Nat. Acad. sci, usA 100

[3] sineshchekov, O. A., Jung. K. H., and spudich, J. l., (2002), Proc. Nat. Acad. sci, usA 99
[4] stehfest, K., Ritter, E., berndt, A., bartl, f., and Hegemann P., (2010),  J. Mol. biol. 398
[5] Ritter, E., stehfest, K., berndt, A., Hegemann, P., and bartl, f., (2008) J. biol. Chem., 283
[6] Radu, I., bamann, C., Nack, M., Nagel, G., bamberg, E., and Heberle, J., (2009), J. Am. Chem.

soc., 131 
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Inherited photoreceptor degenerations: molecular mechanisms
of cell death and survival, and opportunities for treatment.

Roderick R. McInnes, Lady Davis Institute, McGill University, Canada

several fundamental questions are posed by inherited photoreceptor (PR) degenerations.
first, why do the mutant PRs die? And second, how can the mutant PRs live and function nor-
mally for years to decades, despite expressing the mutation from their birth, yet ultimately die
because of the mutation? Third, what molecular and cellular responses are elicited in the
mutant PRs by the presence of the mutation, during the years to decades (or months, in a
mouse) prior to their death? finally, can we interfere with these responses to prolong the life
of the mutant PRs? Great insight into these difficult questions has been obtained over the last
decade. I will give an overview of what is known, and what isn’t. I will also report our recent
findings on the roles of the cell signalling molecules Endothelin 2 and stat3 in resisting or
mediating PR death. finally, I will briefly discuss recent exciting work indicating that cell
replacement and gene therapy hold much promise for the treatment of this important group
of genetic diseases. 

References
bramall, A. Wright, A., Jacobson, s. and Mclnnes, R. R. The genomic, biochemical and cellular
responses of the retina in inherited photoreceptor degenerations and prospects for the treat-
ment of these disorders. Annual Review of Neuroscience 33, 441-472, 2010.

vlachantoni, d., bramall, A.N., Murphy, M.P., Taylor, R.W., shu, X., Tulloch, van veen, T., Turnbull,
d.M., McInnes , R.R., and Wright, A.f. Evidence of severe mitochondrial oxidative stress in
mouse models of inherited photoreceptor degeneration, and a protective effect of low oxy-
gen. Human Molecular Genetics, 20, 322-335, 2011.
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Lysosomal Dysfunction of Retinal Pigment Epithelium Contributes
to the Pathogenesis of Age-related Macular Degeneration

J. Kopitz1, T.U. Krohne2, F.G. Holz2

1University Hospital Heidelberg, 2University Eye Hospital Bonn

Purpose: several lines of evidence suggest that age-related damage to the retinal pigment
epithelium (RPE) plays a key role in the pathogenesis of ARMd. lipid peroxidation, a fundamen-
tally deteriorative aging reaction, might represent an initial trigger of RPE dysfunction and dam-
age. The retina is exposed to light in an extremely oxygen-rich environment, and unsaturated
fatty acids are present in high concentrations in the photoreceptor membranes of the retina,
thereby creating optimal conditions for lipid peroxidation processes. The resulting highly reac-
tive aldehydes are capable of easily forming protein adducts, thereby damaging protein struc-
ture and function. If such damage occurs in the photoreceptors of the retina, lipid peroxidation
products and damaged proteins will be cleared away by continous shedding of photoreceptor
outer segments (POs). shedded POs are disposed of by the retinal pigment epithelium (RPE) via
phagocytosis. Thus postmitotic  RPE cells in their lysosomal compartment  have to deal with an
enormous load of toxic lipid peroxidation products and damaged proteins. 

Methods: Effects of lipid peroxidation on phagocytosis, transcytosis and degradation of POs
was assayed in cultured human RPE cells with radiolabelled POs. Autophagy was assayed in
radiometric pulse-chase experiments. lipofuscinogenesis was evaluated by fACs analysis and
fluorescence microscopy. Michael adduct formation between lipid peroxidation products and
cathepsins in isolated RPE lysosomes was analyzed by mass spectrometry.

Results: In vitro experiments with cultured human RPE cells indicate that diminished suscepti-
bility to lysosomal proteolysis after protein modification by lipid peroxidation products is a
causative factor in the formation of intracellular deposits (lipofuscin), and basolateral waste dep-
osition in polarized RPE cultures. In addition to their altered susceptibility to lysosomal proteoly-
sis carbonylated proteins may also be active as competitive inhibitors of general proteolytic
pathways. finally increased levels of reactive substances like MdA and HNE, either taken up by
phagocytosis or generated by phototoxic lipofuscin, will have further adverse effects on lysoso-
mal function, including further substrate stabilization by alkylation and inactivation of lysoso-
mal cysteine proteinases (cathepsins b, l and H) by forming Michael adducts with active site cys-
teine residues. Altogether these pathogenic mechanisms severly impair general cellular
functions, as examplified by strikingly reduced phagocytic and autophagic activities.

Conclusion: lysosomal dysfunction of the RPE caused by lipid peroxidation products and result-
ing carbonylated proteins may considerably contribute to the induction of general RPE dysfunc-
tion and degeneration which preceedes photoreceptor loss in ARMd patients. 
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Endocytosis-mediated Cell Death in Drosophila

Yashodhan Chinchore, Ron Kinser, and Patrick Dolph

Department of Biological Sciences, Dartmouth College, Hanover NH USA

Purpose: In drosophila, as in humans, many mutations that disrupt the phototransduction
signaling cascade trigger cell death. We have found that mutations that block visual transduc-
tion, result in stable complexes between rhodopsin and its regulatory molecule arrestin. These
complexes trigger photoreceptor cell death. The long-term goal of our laboratory is to eluci-
date the cell death signaling pathway that results from rhodopsin/arrestin complexes.

Methods: Retinal degeneration was ascertained by fixing drosophila eyes and embedding
them in plastic resin. fixed and embedded tissue was sectioned and viewed by light micro -
scopy. Immunofluorescence was performed on dissected retinas with antibodies specific to
drosophila retinal proteins. Protein levels were determined by western and slot blot analysis.
RNA levels were determined by quantitative RT-PCR.

Results: stable complexes between rhodopsin and arrestin result in light-dependent pho-
toreceptor cell degeneration. Early in the degenerative process there is massive internaliza-
tion of rhodopsin and arrestin via receptor-mediated endocytosis. The internalized rhodopsin
is unable to traffic properly through the endosomal system and instead becomes trapped in
late endosomal structures, where the rhodopsin aggregates and becomes insoluble. The mis-
folded rhodopsin triggers the translocation of cathepsins from the endosomal compartment
to the cell body where cell death is induced. Cell death is not triggered by classic apoptotic
molecules; caspases, IAP’s, and bcl-like molecules play a minimal role in this pathway. Instead,
the aggregated rhodopsin triggers cell death by inducing the innate immunity pathway.
Mutations in essential components of the drosophila immunity cascade block cell death in a
genetic background where rhodopsin complexes are induced. This includes mutations in the
drosophila Nf-κb homologue relish. Interestingly, expression of an activated form of Nf-κb in
many different tissues is capable of triggering cell death. 

Conclusion: We have uncovered a novel cell death pathway in drosophila photoreceptors
where the stable complexes between rhodopsin and arrestin trigger the internalization and
aggregation of rhodopsin in the endosomal system. Cathepsin translocation eventually acti-
vates the innate immunity pathway and Nf-κb function results in cell death. Nf-κb is not
regarded as a pro-apoptotic molecule and typically has anti-apoptotic functions. Therefore,
this defines a novel role for Nf-κb in a subset of tissues and cell types.
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The X-linked retinitis pigmentosa protein RP2 in vesicle traffic
and cilia function

Nele Schwarz1, Tatiana Novoselova1, R. Jane Evans1, Kerstin-Nagel Wolfrum2, Uwe Wolfrum2,
Alison J. Hardcastle1 and Michael E Cheetham1

1 UCL Institute of Ophthalmology, London UK
2 Johannes Gutenberg University of Mainz, Muellerweg 6, 55099 Mainz, Germany

Purpose: Photoreceptors are complex ciliated sensory neurons. The basal body and periciliary
ridge of photoreceptors function in association with the Golgi complex to regulate the export
of proteins from the inner segment to the outer segment sensory axoneme. Here, we investi-
gated the potential role of the X-linked retinitis pigmentosa protein RP2 in periciliary traffic.

Methods: RP2 ultrastructural localization was investigated by immunofluorescence and
immu no electron microscopy. RP2 function was probed in ARPE19 and sK-N-sH cells by siRNA
and expression of mutant proteins. Immunoprecipitation, yeast-two hybrid and proteomic
approaches were used to investigate RP2 interacting proteins.  

Results: The retinitis pigmentosa protein RP2, which is a GTPase activating protein (GAP) for
Arl3, localised to the ciliary apparatus, namely the basal body and the associated centriole at
the base of the photoreceptor cilium. Targeting to the ciliary base was dependent on N-termi-
nal myristoylation. RP2 also localised to the Golgi and periciliary ridge of photoreceptors.
depletion of RP2 and dysregulation of Arl3 resulted in dispersal of vesicles cycling cargo from
the Golgi complex to the cilium, including the intraflagellar transport protein IfT20. further-
more, RP2 bound specifically to a phototransduction protein, thereby facilitating its mem-
brane association and traffic. 

Discussion: Collectively, the data suggest that RP2 may cause retinal degeneration through
defects in the traffic of proteins to the outer segment. 
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Rab GTPases, membrane traffic and retinal degeneration

Miguel C Seabra1,2

1 NHLI, Imperial College London, UK
2 CEDOC; Faculdade de Ciências Médicas, Universidade Nova de Lisboa, Portugal

Purpose: several inherited human disorders have been associated with defects in Rab GTPase
activity, either directly or indirectly. Our studies focus on Choroideremia (CHM), an X-linked late-
onset retinal degeneration characterised by progressive dystrophy of photoreceptors, retinal
pigment epithelium (RPE) and the choroid. CHM is due to a defect in Rab Escort Protein 1 (REP1),
a cofactor required for the prenylation of Rab GTPases. CHM is therefore a disease of intracellular
membrane traffic but the events that trigger degeneration remain to be elucidated.

Methods: We have generated mouse models for Choroideremia using conditional gene knock-
out (KO), cre-lox technology and studied them using a combination of techniques including
histopathology, in vitro assays and functional analysis.  

Results: We have shown that RPE disease accelerates photoreceptor degeneration, highlighting
the central role of RPE in pathogenesis. furthermore, in a RPE-restricted Rep1 KO, the RPE ages
prematurely, accumulating pathological changes at 5-6 months of age, which are more exuber-
ant than those observed in 2-year old controls. Extracellularly, we observed thickening of bruchs
membrane and accumulation of basal laminar deposits (blamds) and intracellularly, disorgani-
sation of basal infoldings and accumulation of lipofuscin, the age pigment. This is accompanied
by defects in intracellular membrane traffic pathways, including melanosome movement and
phagosome processing. 

Conclusions: These phenotypes suggest that multiple chronic defects in membrane traffic
pathways accelerate the ageing process in the RPE. furthermore, the striking similarities
between the present observations and those reported in age-related macular degeneration
(AMd), a leading cause of blindness in the developed world, suggest that membrane traffic
defects may contribute to the pathogenesis of AMd and could represent a new focus of thera-
peutic strategies.
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Activity and expression of PARP and calpain in P23H-1 and
S334ter-3 mutant rhodopsin transgenic rats

B. Arango-Gonzalez, F. Paquet-Durand, S. Mencl, A. Sahaboglu, E. Zrenner, and J. Kaur.

Centre for Ophthalmology, Institute for Ophthalmic Research, Division of Experimental Ophthal-
mology, Tübingen, Germany

Purpose: The aim of this project was to determine processes involved in retinal degeneration
in rhodopsin transgenic rats. To this end, we used P23H-1 and s334ter-3 rhodopsin transgenic
rats and examined the expression and activity of poly [AdP-ribose] polymerase (PARP) and
Calpain during photoreceptor cell death.

Methods: Retinas of P23H-1, s334ter-3 and wild-type sprague dawley (sd/Cd) rats at postna-
tal (PN) days 0-30 were examined by conventional histological techniques, TuNEl assay,
immunohistochemistry and immunoblotting using antibodies against PARP, PAR, calpain, and
calpastatin. PARP and calpain activity at the cellular level was investigated with specifically
adapted enzymatic in situ assays (Paquet-durand et al., 2006; 2007).

Results: P23H retina demonstrated high levels of TuNEl-positive photoreceptors when com-
pared to Cd, showing a peak of cell death at PN15. In s334ter animals, the highest percentage
of TuNEl-positive cells was found at PN12. We observed PARP activity in a subset of photore-
ceptors in P23H and s334ter retinas, but only very rarely in Cd retinas. As an indirect measure
for PARP activity, we performed immunostaining for poly (AdP-ribosyl)ated (PAR) proteins.
This staining showed numerous positive photoreceptors in both transgenic rats, nevertheless,
their amount was higher in the s334ter. No positive cells were detected in Cd retina. Western
blot analysis of PARP and PAR also showed an up-regulation in mutants. Immunostaining for
an 85kda, caspase-cleaved PARP fragment identified only a subset of cells in transgenic reti-
nas, but not in Cd. Calpain activity was considerably increased in photoreceptors in mutant
rats, with only very few cells positive in Cd retinas. Increased calpain-3 ONl immunolabelling
was observed in both transgenic rats, being more intense in s334ter. Immunostaining against
calpastatin, the endogenous inhibitor of calpain, was less intense in both rhodopsin trans-
genic rats when compared to wild-type, in particular at the level of the inner segments.
Immunoblot confirmed decreased calpastatin expression in both mutant models. 

Conclusions: Our results indicate that activation of PARP and calpain are important hallmarks
in the general mechanism causing photoreceptor cell death. These results are in line with pre-
vious studies using other animal models for retinitis pigmentosa, which highlights the possi-
bility of using calpain and/or PARP inhibitors as therapeutic agents to prevent or delay pho-
toreceptor degeneration.
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Allelic imbalance in retinal expressed disease genes:
A common phenomenon?

Sukirthini Balendran, Bernd Wissinger, Simone Schimpf-Linzenbold

Molecular Genetics Laboratory, Institute of Ophthalmic Research, Tuebingen, Germany

Purpose: In retinal dystrophies, reduced penetrance and variability in disease expression with
respect to onset, course, and severity is a well-documented feature. This makes reliable geno-
type/phenotype correlations as well as individual disease prognosis difficult. Although the
basis of this variability is largely unknown, it is commonly accepted that secondary genetic
factors (modifier-genes) are key factors for the determination of the development, severity,
and course of a disease. A good example is the Prpf31 gene. Mutations in Prpf31 cause retinitis
pigmentosa (RP) with reduced penetrance. Two independent studies showed that the tran-
script level of the non-mutant allele is highly correlated with the risk of disease expression and
that higher expression of the non-mutant transcript protects asymptomatic carriers from RP.
based on such known examples, we hypothesize that cis-acting variants governing gene
expression levels play a crucial role in phenotypic variation and disease penetrance in heredi-
tary retinal disorders. The aim of this project is the identification of such cis-acting gene vari-
ants and the determination of their impact on disease expression.

Methods: To demonstrate if and how common allelic imbalance (AI) in retinal expressed
genes are and due to the absence of human donor eyes, experiments were done in cross-
breeds of five different inbred mouse strains as a proof-of-principle experiment. 
up to now, more than 20 different retinal genes were screened for heterozygous csNPs apply-
ing PCR and sequencing. We applied Pyrosequencing assays on RT-PCR amplified cdNAs gen-
erated from retinal RNA to determine allelic expression differences based on the identified
csNPs. Results were calibrated for equimolar ratios by used genomic dNA as a control.

Results: using the Pyrosequencing technology, we identified an AI in 7 retinal disease genes.
In two of those genes we can see the AI already on genomic level suggesting a copy number
variation. screening of the Pde6c gene revealed a 116-bp insertion on cdNA level that results
in a premature termination codon leading, due to the nonsense mediated mRNA decay, to a
downregulation of the mutant transcript. for the remaining genes the cause of the AI has to
be verified.

Conclusions: Our results show that allele-specific differences in gene expression are common
in retinal expressed genes. but until now, only in few cases cis-variants which cause an AI
could be identified.
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Store-operated calcium entry sustains increased calcium level in
photoreceptor cells and may affect vision in mouse

P. Barabas1, W. Huang1, W. Xing1, D. Krizaj1

Department of Ophthalmology, University of Utah, Salt Lake City, UT

Purpose: The store-operated mechanism in vertebrate photoreceptors consists of store-oper-
ated Ca-permeable (sOC) channels in the plasma membrane and sTIM1 (stromal interaction
molecule 1), a sensor which transmits information about store-depletion from  the endoplas-
mic reticulum to sOC channels. The resulting store-operated calcium entry (sOCE) regulates
baseline [Ca2+]i in light-adapted cells. We characterized the functional role of sOCE in mam-
malian vision by selectively eliminating sTIM1 from rod and cone photoreceptors.

Methods: sTIM1 rod- and cone-specific conditional knockout (cKO) lines were developed
using the conventional cre-loxP excision. sTIM1 and Cre recombinase expression was deter-
mined with RT-PCR, Western blot and immunofluorescence. fura-2 calcium imaging was per-
formed in dissociated cells from control and cKO mouse retinas. visual function was tested
using ERG and the optomotor tracking response. 

Results: IHC revealed photoreceptor-specific expression of Cre and deletion of the sTIM1. sig-
nificant changes in visual acuity were observed for both rod and cone sTIM1 cKO mouse lines.
Rod cKOs exhibited lower scotopic acuity (0.239±0.013 cycles/deg) compared to wild type
(0.256±0.004 c/deg) and strain control animals (0.254±0.007 cycles/deg) with no difference in
photopic acuity. Cone cKOs were characterized by a decreased photopic acuity (0.358±0.007
cycles/deg vs 0.384±0.007 cycles/deg in controls) and no change in scotopic acuity. baseline
[Ca2+]i decreased in rods from 97±6 nM in wild type to 64±11 nM in rod cKO mice whereas no
difference was observed in Müller cells. sOCE responses in isolated cKO photoreceptors were
significantly decreased with respect to controls in both response amplitude and ratio of cells
expressing this phenomenon.

Conclusions: loss of sTIM1 from rods slightly compromises rod vision whereas selective elim-
ination of sTIM1 from cones causes photopic vision deficits. The observed visual phenotypes
suggest that sTIM 1-stimulated store-operated calcium entry in photoreceptors significantly
contributes to the regulation of steady-state [Ca2+]i and the flow of visual information from
photoreceptors to higher order visual centers.
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Vesicular traffic associated protein Magi2 interacts with the
Ush1g protein sans

Katharina Bauß1, Tina Märker1, Erwin v. Wijk2, Ferry Kersten2, Ronald Roepman3, Hannie Kremer
& Uwe Wolfrum1

1Cell & Matrix Biology, Institute of Zoology, Johannes Gutenberg-University Mainz, Germany,
University Med. Center Nijmegen, 2Dept. of Otorhinolaryngology, 3Dept. of Human Genetics, NL

Purpose: The human usher syndrome (usH) is the most common cause of combined deaf-
blindness. The encoded molecules are integrated into protein networks by scaffolds including
the usH1G protein sANs (scaffold protein containing ankyrin repeats and sAM domain). Previ-
ous data indicated that sANs is involved in photoreceptor transport processes related to cilia.
To decipher the cellular role of sANs, we screened with a yeast-2-hybrid (Y2H) for new inter-
acting partners in the retina and validated putative interactions. 
Methods: Results obtained from Y2H screens of a retinal cdNA library were validated by inde-
pendent assays: GsT-pull downs, co-transfection and co-immunoprecipitations. Correlative
immunofluorescence and immunoelectron microscopy were used to study subcellular distri-
bution of confirmed interactors. functional assays elucidated the role of sANs associated
complexes more precisely.

Results: Y2H revealed three PdZ-domain containing proteins as putative interactors. Here we
identified Magi2 (membrane associated guanylate kinase inverted-2) as a novel component of
the usH interactome and confirmed its direct interaction to sANs. Immunofluores-
cenceshowed partial co-localization of both interactors in mouse retina especially at the peri-
ciliary-ciliary region in apical inner segment. In addition, electron microscopy revealed an
association of the Magi2-sANs complex with transport vesicles in this region. further analysis
of the complex indicated an association with the endocytosis/exocytosis machinery in retinal
cells.

Conclusions: direct binding of sANs to vesicle-associated Magi2 and subcellular distribution
of both interaction partners in photoreceptor cells further support a role of sANs-organized
protein complexes in periciliary-ciliary transport processes. In addition, our results provide fur-
ther evidence for a role of sANs-Magi2 assembly in endo-/exocytotic processes associated
with cilia function.

Supports: dfG; fAuN; fcb; Oogfonds Nl; Gelderse blinden vereniging; Eu fP7 “sYsCIlIA”
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Expressionsmuster der ether à-go-go related gene K+ Kanäle
(erg; Kv11) in der Mausretina

Sönke Cordeiro1,2, Daria Guseva2, Iris Wulfsen3, Christiane K. Bauer4

1 Institut für Neurophysiologie, Christian-Albrechts-Universität zu Kiel 
2 Institut für Neurophysiologie, Medizinische Hochschule Hannover, Hannover
3 Institut für Pharmakologie für Pharmazeuten und
4 Institut für Vegetative Physiologie und Pathophysiologie, Universitätsklinikum Hamburg-Eppen-

dorf, Hamburg

Zielsetzung: durch einfallendes licht wird das Membranpotential der meisten retinalen Neu-
rone nur graduell geändert, ohne dass Aktionspotentiale ausgelöst werden. für das fine-Tun-
ing dieser Änderungen benötigen die Zellen K+-Kanäle mit Aktivierungsschwellen um -40 mv.
die Mitglieder der ether-à-go-go related gene K+-Kanäle (erg; Kv11) mit Aktivierungss-
chwellen zwischen -30 und -60 mv sind also hervorragend dafür geeignet. Alle drei Mitglieder
dieser familie wurden bei ihrer Klonierung in der Retina nachgewiesen. Wir wollten in der vor-
liegenden untersuchung die Expressionsmuster der erg-Kanäle in der Retina aufklären, um
erste Rückschlüsse auf ihre Aufgaben in der Retina ziehen zu können.

Methoden: Mit Hilfe von RT PCR-Experimenten haben wir die Expression der erg-Kanäle in
der humanen und Mäuseretina nachgewiesen. die Expressionsmuster der erg Kanal-unterein-
heiten wurde mit Hilfe von immunhistologischen färbungen von Kryoschnitten der
Mäuseretina mit spezifischen Antikörpern gegen die einzelnen untereinheiten und durch
geeignete doppelfärbungen untersucht. 

Ergebnisse: die drei erg Kanal-untereinheiten haben in der Retina sehr unterschiedliche
Expressionsmuster. M-erg1 zeigt die stärkste Immunreaktivität in den Innensegmenten der
Photorezeptoren, dem äußeren Teil der inneren plexiformen schicht, und der inneren nuk-
leären schicht. doppelfärbungen mit Anti-PKCα-Antikörpern zeigt, dass m-erg1 in der inneren
nukleären schicht ausschließlich in stäbchen-bipolarzellen vorkommt. Immunreaktivität für
m-erg2 konnte in der inneren und äußeren plexiformen schicht nachgewiesen werden. die
Kolokalisation mit vGluT1 zeigt, dass m-erg2 in präsynaptischen Endigungen von Photorezep-
toren und bipolarzellen exprimiert ist. M-erg3 schließlich konnte gar nicht in der neuronalen
Retina nachgewiesen werden, dafür aber sehr prominent in der apikalen Membran vom reti-
nalen Pigmentepithel.

Schlussfolgerung: Wegen ihrer unterschiedlichen Expressionsmuster erfüllen die drei erg-
Kanal-untereinheiten vermutlich sehr unterschiedliche Aufgaben in der Retina. die Expres-
sion von erg1-Kanälen im Zellkörper und in dendriten von bipolarzellen und in den Innenseg-
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menten von Photorezeptoren deutet auf eine beteiligung an der signalverarbeitung inner-
halb von Photorezeptoren und bipolarzellen hin. M-erg2 hingegen wurde vornehmlich präsy-
naptisch in Axonterminalen von Photorezeptoren und bipolarzellen nachgewiesen, wo sie an
der Kontrolle der Glutamatausschüttung beteiligt sein können. M-erg3 schließlich scheint
ausschließlich in der apikalen Membran des retinalen Pigmentepithels exprimiert zu sein, wo
diese Kanäle einen beitrag zur K+-Homöostase und/oder der Osmoregulation leisten können.
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Retinal progenitor cells acquire tri-potentiality following in vitro
expansion

Magdalena Czekaj 1, Jochen Haas 1, Jane Farrar 2, Udo Bartsch 3, Marius Ader 1

1 Center for Regenerative Therapies (CRTD), University of Technology (TU) Dresden, Fiedlerstr. 42,
01307 Dresden, Germany

2 Ocular Genetics Unit, Smurfit Institute of Genetics, Trinity College Dublin, Lincoln Place Gate,
Dublin 2, Ireland

3 Department of Ophthalmology, University Medical Centre Hamburg-Eppendorf,
20246 Hamburg, Germany 

Purpose: One of the treatment strategies proposed for retinal degenerations is to replace lost neurons
with cells expanded in vitro, primed to specific neuronal fates that after transplantation would inte-
grate into the retina and restore its visual function. Here we investigated the differentiation potential of
in vitro expanded retinal stem cells (RsCs).

Methods: RsCs cultures were generated by isolating retinal cells from eyes of postnatal day 0 (PN0)
actin:GfP or actin:dsRed mice and expanded in medium containing N2 and growth factors (EGf, fGf2).
for in vitro oligodendrocyte differentiation primary retinal cells as well as expanded RsCs from early
and late passages were subjected to a protocol involving stepwise replacement of growth factors by
forskolin, PdGfα, ascorbic acid and triiodothyonine. Expanded as well as oligodendrocyte-differentiat-
ed RsCs were characterized by immunocytochemistry and RT-PCR. Additionally,  intravitreal transplan-
tation experiments using expanded and primed RsCs into the eyes of adult wild-type mice were per-
formed. dissected retinae were either subjected to transmission electron microscopy or flat mounted
and analyzed by fluorescence/confocal microscopy following immunohistochemistry. 

Results: Retinal cells can be expanded in vitro and maintain the potential to generate glial (GfAP-posi-
tive) and neuronal (β-III-tubulin-positive) cell types. However, RT-PCR analysis shows that expanded
RsCs loose expression of some genes that are characteristic for retinal progenitor cells like Rax and
Chx10. In contrast to primary retinal progenitor cells, RsCs are able to respond to oligodendrocyte
priming treatment with expression of oligodendrocyte markers and following transplantation develop
myelin basic protein-positive and ultra-structurally normal myelin sheaths around RGC axons. 

Conclusion: RsC cultures can be propagated as undifferentiated cells over several passages and main-
tain the ability to differentiate along the glial and neuronal lineage. However, expanded RsCs do not
differentiate into true retinal neurons, e.g. photoreceptors and loose expression of genes characteristic
for retinal progenitor cells. They acquire the capacity to express proteins implicated in oligodendrocyte
differentiation and after transplantation form myelinating oligodendrocytes. Thus, we conclude that
culture expansion conditions based on high concentrations of fGf-2 and EGf lead to a loss of regional
identity and conversion of RsCs into tri-potential neural stem cells.
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Rhodopsin and transducin in vertebrate rods show transient
interactions independent of light conditions – implications for
retinal diseases

Daniele Dell’Orco* and Karl-Wilhelm Koch

Institute of Biology and Environmental Sciences, Biochemistry Group, University of Oldenburg,
26111 Oldenburg – Germany. *E-mail: daniele.dellorco@uni-oldenburg.de

Purpose: The early steps in vertebrate vision require fast interactions between the visual pig-
ment rhodopsin (Rho) and the conjugate G protein transducin (Gt). The interaction is classical-
ly described by a collisional coupling mechanism driven by the free diffusion of monomeric
proteins on the disc membranes of rod and cone cells. However, recent findings point to an
extremely low Rho mobility and rather support the organization of the receptor into paracrys-
talline rafts of varying size. Moreover, increasing evidence seems in favor of interactions
between Rho and Gt even prior to light stimuli, which is also difficult to reconcile with the tra-
ditional view.

Methods: We investigated the kinetics of interaction between native Rho and Gt in different
conditions by biosensor technology and analysed the results in a general physiological con-
text by employing a holistic systems modelling approach. Our analysis focused mostly on the
interactions possibly occurring in the dark, and in those after receptor bleaching, a process
leading to the formation of Opsin, a constitutively active form of the receptor which was
found to be related to leber congenital amaurosis.

Results: Our results point to a dynamic scaffolding mechanism, in which Rho and Gt interact
already in the dark by forming transient complexes (∼25% of Gt precoupled to Rho). We show
that such a dynamic precoupling does not slow down the phototransduction cascade but
rather is compatible with the observed photoresponses on a broad scale of light stimuli. The
possible implications for pathological conditions can now be explored in the context of the
whole network of interactions.

Conclusion: We conclude that an isolated Rho molecule or a Rho-Gt complex involving 25%
of the available transducin in the dark can both absorb a photon and normally trigger the cas-
cade. The general finding that Rho and Gt can interact any time during - and even prior to - the
light activation opens new scenarios with novel possibilities to investigate the molecular basis
of rod-related diseases.
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Localization and functional role of Pannexin1 in the mouse retina

Birthe Dorgau1, Katharina Schmidt1, Ulrike Janssen-Bienhold1, Karin Dedek1, Petra Bolte1, Regina
Herrling1, Konrad Schultz1, Hannah Monyer2, Silvia Penuela3, Dale Laird3 and Reto Weiler1

1Department of Neurobiology, University of Oldenburg, D-26111 Oldenburg, Germany
2Clinical Neurobiology, Universitätsklinikum Heidelberg, D-69120 Heidelberg, Germany
3Department of Anatomy & Cell Biology, University of Western Ontario, London, Ontario,
N6A5C1 Canada

The vertebrate protein family of pannexins is composed of three members (Panx1, Panx2 and
Panx3) and the functional and physiological role of pannexin proteins is still ambiguous. due to
structural similarities of pannexins with gap junction proteins, pannexins have been hypothe-
sized to form gap junction-like membrane channels. so far several studies have demonstrated
that Panx1 fails to form gap junctions. In addition, Panx1 shows different channel properties
compared to connexins. Recently, it has been postulated that Panx1 forms single membrane
channels, which are thought to be associated with cellular transmembrane transport, e.g. with
ATP-dependent processes via purine receptors. However, the functional role of Panx1 is just
emerging.
Panx1 is expressed in various neuronal tissues including the retina (dvoriantchikova et al., 2006).
Here, we investigate the expression and the functional role of Panx1 in the mouse retina.
We used RT-PCR to identify Panx1 mRNA expression in the mouse retina. To detect Panx1 protein
in the mouse retina and in dissociated retinal neurons, we performed immunohistochemical
and ultrastructural analyses using anti-Panx1 antibodies. Electroretinograms (ERGs) of Panx1
wild-type and Panx1 knock-out mice were recorded to examine the functional role of Panx1.
Consistent with previous studies, we identified Panx1 mRNA expression in cells of the inner
nuclear layer in the mouse retina. Panx1 proteins were located in type 3a Off bipolar cells and in
horizontal cells. In type 3a Off bipolar, Panx1 is expressed in the entire plasma membrane with-
out preference for a specific compartment. In horizontal cells, Panx1 was located on dendritic
tips, which invaginate the photoreceptor terminals. The dark-adapted ERG of Panx1 knock-out
mice revealed changes in the light response properties. In comparison with Panx1 wild-type
mice, the a- and the b-wave of Panx1 knock-out mice were significantly increased, whereas
implicit times (IT) of a- and b-wave were not different between both mouse genotypes. Repre-
senting the timing of an ERG component peak, the IT allows to infer on the strength of the
synaptic transmission. Therefore, an unchanged IT for the b-wave indicates that synaptic trans-
mission from photoreceptors to bipolar cells was not altered.
In summary, we suggest Panx1 forms single membrane channels in type 3a bipolar cells and in
horizontal cells, which play an important role in the signal transduction of the rod pathway.

supported by a grant from the European Commission 7th framework Programme RETICIRC
grant no.: 223/56 to RW.
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Photoreceptor precursor cell transplantation: The outer segment
in focus

Dominic Eberle, Thomas Kurth, Sandra Schubert, Marius Ader

Purpose: Retinitis pigmentosa is characterized by a significant progressive loss of photore-
ceptor cells with no effective treatment available up to date. Current studies are focussing on a
cell transplantational approach to replace degenerated photoreceptors. The key feature of
every photoreceptor, to have a functional outer segment (Os) with properly aligned disc
membrane staples, has not been studied in detail following transplantation so far. In our study
we show an ultra-structural analysis of Os integrity on the background of cell transplantation-
al approaches.

Methods: As reporter animals we used knock-in human rhodopsin-GfP fusion construct mice
(rhoGfP) and double transgenic mice composed of the rhoGfP mouse plus a chicken beta-
actin promoter driven dsRed transgene. Transplanted cells were gained from postnatal day 4
reporter mice retinas. Young photoreceptors were enriched prior to transplantation using
Cd73 antibody and magnetic associated cell sorting. finally, donor cells were transplanted
into the sub-retinal space of adult wild-type mice. further analysis was done by immunohisto-
chemical staining of 30µm vibratome sections and ultra-thin cryosections. for electron
microscopy analysis a protein A gold staining was applied on labelled cryosections.

Results: GfP-positive Oss were visible in transmission electron microscopy. We were able to
rediscover transplanted rhoGfP cells. The transplanted cells which integrated into the outer
nuclear layer (ONl) frequently start to develop an Os with well aligned membrane disc sta-
ples. surprisingly, a lot of cells remaining in the subretinal space are also successful in forming
Oss with intact and organized disc membrane staples.

Conclusions: We could show that our method is very suitable for detailed examination of Oss
of transplanted photoreceptor cells. Well integrated cells develop Oss with native aligned disc
staples. surprisingly, cells which stay in the subretinal space develop Os, too. This leads to the
conclusion that Os formation of transplanted photoreceptor precursor cells is independent of
an integration of these cells into the ONl.

Statement on proprietary interest: The authors hereby state that there are no commercial of
proprietary interest of any kind of any drug, device, or equipment mentioned in this study.
Neither author has any financial interest of this study. The poster was prepared solely by the
authors listed.

Acknowledgement: We like to thank the deutsche forschungsgemeinschaft (dfG) and
ProRetina foundation for funding this project.
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High-throughput genomic technologies and Autosomal-Reces-
sive Retinitis Pigmentosa diagnosis

Lorena Fernández-Martínez1,2, Marta Cortón1, María-José Blanco3, Manuel Sánchez-Salorio3,
Ángel Carracedo1, María Brión1,2

1Genomic Medicine Group, University of Santiago de Compostela-CIBERER, 2Genetics of Cardio-
vascular and Ophthalmologic Diseases, University-Hospital-Complex of Santiago (CHUS),
3Galician Institute of Ophthalmology (INGO), Santiago de Compostela, Spain

Purpose: Retinitis pigmentosa (RP) refers to a group of hereditary retinal degenerative diseases
with high genetic heterogeneity. It affects around 1:4000 individuals worldwide. To date, more
than 50 genes have been reported to cause RP in all modes of inheritance, 33 of which are
responsible for autosomal-recessive RP (arRP). There are no major disease-causing gene, no
recurrent pathogenic mutations and 40% of the cases have yet to be assigned. In our group, we
aim to elucidate the molecular basis of arRP by applying state of the art genomic technologies.

Methods: In our collective of 40 spanish pedigrees, we first perform haplotype analysis using a
previously developed high-throughput single nucleotide polymorphism (sNP)-based genotyp-
ing cosegregation chip for 116 sNPs of 27 arRP genes. These families also undergo a screening
for 594 reported arRP mutations through a commercial chip (Asper-Ophtalmics). When no dis-
ease-causing gene is identified, next-generation dNA sequencing is being applied in order to
identify new arRP genes.

Results: To date, we identified homozygous mutations in CERKL, RPE65, PDE6A and MERTK
cosegregating with the disease. In addition, we could rule out 27 arRP genes as disease-causing
in 14 pedigrees. Targeted resequencing of exomes and a custom sequence capture array cover-
ing all reported arRP genes together with some novel candidates is being currently performed
on a sOlid platform (Applied biosytems).

Conclusion: The first step before undertaking the search for new arRP causative genes is to rule
out all the already reported disease-causing genes. With this aim, we developed a strategy for
arRP genetic diagnosis, which merged co-segregation analysis and high-throughput sNP geno-
typing. This allowed us to identify the genes underlying the disease in 4 pedigrees. We could rule
out 27 candidate genes in 14 families too. The cosegregation analysis of the remaining families is
ongoing.
Nowadays next-generation sequencing has arisen as a powerful tool to identify rare variants in
inherited diseases and the potential of targeted sequence capture and high-throughput dNA
sequencing to improve genetic diagnosis has been established. Our ongoing study will assess if
next-generation dNA sequencing is also effective as a diagnostic tool for heterogeneous genet-
ic disorders, in order to be incorporated into routine clinical care. 
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Classical candidate association study identifies a new RPE/retina-
specific AMD susceptibility gene

Lars G. Fritsche,1 Ulrike Friedrich,1 Felix Grassmann,1 Andrea Milenkovic,1 Heidi L. Schulz,1 Claudia
N. Keilhauer,2 Thomas Bettdecken,3 Peter Lichtner,4 Thomas Meitinger,4,5 Armin Wolf,6 Christos
Haritoglou,6 Guenther Rudolph,6 Usha Chakravarthy,7 Giuliana Silvestri,7 Gareth J. McKay,8 San-
dra Freitag-Wolf,9 Michael Krawczak,9 R. Theodore Smith,10 Gaetano R. Barile,10 Joanna E. Merri-
am,10 Rando Allikmets,10,11 Iris M. Heid,12,13 and Bernhard H.F. Weber1

1Institute of Human Genetics, University of Regensburg, Regensburg, Germany. 2Department of
Ophthalmology, Julius-Maximilians University, Würzburg, Germany. 3Max Planck Institute of Psy-
chiatry, Munich, Germany. 4Institute of Human Genetics, Helmholtz Zentrum München, Neuher-
berg, Germany. 5Institute of Human Genetics, Technical University Munich, Munich, Germany.
6University Eye Hospital, Ludwig Maximilians University, Munich, Germany. Centre for 7Vision &
Vascular Sciences and 8Public Health, Queen's University of Belfast, Belfast, Northern Ireland, UK.
9Institute of Medical Informatics and Statistics, Christian-Albrechts University, Kiel, Germany.
Departments of Ophthalmology10 and Pathology & Cell Biology11, Columbia University, New York,
USA. 12Institute of Epidemiology, Public Health, and Gender Studies, University of Regensburg,
Regensburg, Germany. 13Institute of Epidemiology, Helmholtz Zentrum München, Neuherberg,
Germany

Background: Age-related macular degeneration (AMd) is a complex disorder of the
retina/choroid and the most common cause of legal blindness in industrialized countries. Two
major susceptibility loci have been identified including CFH on 1q32 and ARMS2/HTRA1 on
10q26. furthermore, three additional complement gene loci (C2/CFB, C3 and CFI) have also
been shown to play a role in AMd pathogenesis. These gene loci are detectable even in
genome-wide association studies (GWAs) with moderate sample sizes. Other susceptibility
genes with moderate to minor contributions to AMd risk are likely but difficult to detect in
GWAs. However, a candidate gene approach which typically analyses a restricted number of
sNPs within a preselected candidate locus in a large case-control sample can provide reason-
able statistical power to detect relatively rare and weak risk effects.

Methods: 25 AMd candidate genes were selected based on functional implications in pheno-
typically related retinopathies, known AMd pathomechanisms and/or an RPE/retina-specific
gene expression. These genes were analysed following a haplotype-tagging sNP approach
(N = 109) in a German discovery sample consisting of 794 AMd patients and 612 controls.
Replication of positive hits was done in a second independent German sample of 867 AMd
patients and 517 controls which could be extended by two additional independent Caucasian
replication studies from the us and the uK resulting in a pooled replication sample of 1,961
AMd patients and 1,067 controls.
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Results: After quality control and analysis of the 109 sNPs we detected three relatively weak
association signals in three independent gene loci (0.014 ≤ P ≤ 0.032). One of these signals
remained statistically significant in the first replication sample (P = 9.7x10-4) strongly suggest-
ing the corresponding RPE/retina-specific gene to be involved in AMd predisposition. follow-
up of this sNP in the us and the uK sample revealed consistent association signals (P = 0.017
and P = 0.033; respectively) and resulted in a highly significant association in the pooled repli-
cation sample (P = 1.0 x 10-6). The observed differences in effect allele frequency in all four
studies were similar (13.3–14.3 % in the AMd cases; 10.3–10.9 % in the controls) revealing
odds ratios from 1.35 to 1.57. further fine-mapping of the gene locus narrowed the candidate
region to approximately 150 kb that exclusively encompassed the candidate gene in question
and so far indicated 15 correlated variants whose functional consequences remain to be eluci-
dated.

Conclusions: The current candidate gene approach successfully indicated a novel AMd sus-
ceptibility gene with an RPE/retinal-specific expression revealing a consistent association with
AMd in four independent Caucasian case-control-studies. The observed effect allele frequen-
cies and odds ratios classified the locus to be a moderate AMd risk modifier. Ongoing func-
tional analysis of the new AMd susceptibility gene might uncover a functional variant. further
knowledge of the function of the novel gene may point to a new mechanism underlying AMd
pathology.
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Modulation of ion channels in RPE cells by sublytic complement
activation

Andreas Genewsky, Bärbel Rohrer, Olaf Strauß

Question: The retinal pigment epithelium (RPE) is part of the blood-retinal barrier. Insufficient
suppression of the complement system at the RPE is associated with age-related macular
degeneration. sublytic complement activation at the cell surface of RPE cells leads to vEGf
secretion which is thought to be controlled partly by  l-type calcium channel activation. since
complement activation results in calcium influx, we investigated the ion channel-dependent
cellular response to complement exposure. 

Methods: Electrophysiological recordings: human ARPE-19 cells, ba2+ as a charge carrier to
dissect l-type calcium currents.  

Results: Complement activation by treatment with NHs for 10 minutes produced a shift in the
voltage dependence of l-type calcium channels towards more positive values (heat-inactivat-
ed control: -14.77 mv, NHs: -10.77 mv; p=0.028). Current clamp experiments (physiological
conditions) revealed an expeditious hyperpolarization in contrast to control from -38.31 ± 2.74
mv (mean ± sEM) to -62.95 ± 1.45 mv after 70.74 ± 5.13 s of onset of treatment, followed by a
depolarization to -3.15 ± 0.64 mv (after 10 min). voltage clamp experiments showed a linear
membrane conductance during the hyperpolarizing phase; hyperpolarizing currents were
carried by potassium ions, insensitive to paxilline (50 nM) and iberiotoxin (100 nM); followed
by an outwardly rectifying membrane conductance at the late depolarization. 

Conclusion: Our experiments demonstrate that the application of NHs leads to complex
modulations of membrane conductance in human RPE: activation of non-rectifying ion chan-
nels, initial hyperpolarization and final depolarization. Additionally, l-type calcium channels
show a strong shift in voltage-dependence. 
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Progression of age-related geographic atrophy: Role of the
fellow-eye  

Arno P. Göbel1, Monika Fleckenstein1, Steffen Schmitz-Valckenberg1, Christine Adrion2, Sivatharisini
Visvalingam1, Christian K. Brinkmann1, Ulrich Mansmann2, Frank G. Holz1 for the FAM-Study Group

1Department of Ophthalmology and Grade-Reading-Center, University of Bonn, Germany
2Institute for Medical Information Sciences, Biometry and Epidemiology, University of Munich,
Germany

Purpose: To investigate if the stage of age-related macular degeneration (AMd) of the fellow
eye is associated with atrophy progression over time in patients with geographic atrophy (GA)
secondary to AMd.

Methods: A total of 300 GA eyes of 193 patients, recruited from the prospective fAM (fundus
Autofluorescence in age-related macular degeneration)-study, were classified in 3 groups
according to the AMd stage of the fellow-eye at baseline: (1) bilateral GA, (2) early AMd and (3)
exudative AMd. GA areas of study eyes were quantified on fundus autofluorescence images
using semi-automated image analysis and progression rates calculated using a 2-level linear
mixed-effects model.

Results: At baseline, 148 patients belonged to group 1, 16 to group 2 and 29 to group 3,
respectively. univariate analysis showed an average population-specific progression rate of
1.64 mm²/year (95% CI [1.478;1.803]) for group 1, 0.74 mm²/year [0.146;1.342] for group 2 and
1.36 mm²/year [0.937;1.787] for group 3. Although there was a statistical significant influence
of the size of baseline atrophy on GA progression rate (conditional f-test: p=0.001), adjust-
ment for this parameter still revealed a statistical significant relationship between the disease
status of the fellow eye and atrophy enlargement over time (conditional f-test: p=0.033).

Conclusions: The AMd disease stage of the fellow eye determined at baseline examination is
associated with atrophy enlargement and thus the extension of corresponding absolute sco-
toma over time. This may indicate manifestation-dependent disease activity. The identifica-
tion of prognostic determinants on atrophy progression may not only help to add to our
understanding of underlying pathophysiological mechanisms, but also for the design of
future interventional trials in GA patients.
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Towards a Genetic Risk Model for Age-Related Macular Degenera-
tion (AMD)

Felix Graßmann1, Lars G. Fritsche1, Teresa Leist1, Iris M. Heid2, Bernhard HF Weber1 

1Institute of Human Genetics, University of Regensburg, Germany
2Institute of Epidemiology and Preventive Medicine, University of Regensburg, Germany

Purpose: Age-related macular degeneration (AMd) is the leading cause of blindness in the
Western World and affects an estimated 50 million people worldwide. AMd is a multifactorial
trait involving both genetic and environmental effects although the precise aetiology still
remains elusive. Age, smoking, and to a lesser extent diet and sunlight exposure are among
the most commonly reported risk factors for disease onset. A genetic contribution to AMd is
well established by familial aggregation analyses and twin studies. Recently, variations in the
complement pathway as well as other loci have been found to be associated with AMd. Test-
ing single susceptibility variants is of limited value for prediction of complex diseases. Geno-
typing and evaluating several disease associated variations (genetic profiling) however, could
be the key to accurately predict disease risk. 

Methods: Our study included 979 AMd patients and 793 matched controls recruited from the
lower frankonian area at the university Eye Clinic of Würzburg (dr. Claudia N. Keilhauer).
Genotyping of patients was performed by various methods including i-plexing, Taqman
assays, and direct sequencing. Conditional and unconditional logistic regression was carried
out with R, a scripting language used in statistics and epidemiology.

Results: We genotyped previously reported variations that were found to be associated with
AMd in European samples and found the most parsimonious set of variations by conditional
logistic regression analysis. Ten sNPs showed significant and independent association with
late stage AMd. These sNPs were used to build a multivariate logistic regression model. With
the log-odds ratios obtained from this model, a genetic risk score for each individual study
member was calculated and a hypothetical population assuming different prevalences was
modeled. by adjusting the prevalence in this population, we can allow our population to age
and thus can predict disease risk at any given age.

Conclusion: Here we suggest a model to predict disease risk for late stage AMd from a well
characterized case control study by modeling a hypothetical population and linking the
prevalence in this population with age strata obtained from previous publications. This
enables us to predict a person's risk to develop late stage AMd assuming the genotype at the
ten sNPs used in the model is known.
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Retinal structural and functional changes in retinitis pigmentosa
patients with confirmed rhodopsin mutations

S. Hipp1,  E. Zrenner1, E. Tröger1, I. Sliesoraityte1

1Institute for Ophthalmic Research, Centre for Ophthalmology, University Eye Hospital Tuebingen,
Germany

Purpose: Commonly central visual acuity is preserved for long time in patients with retinitis
pigmentosa. The aim of this study is to examine their retinal structure by means of OCT and to
investigate the relationship between structural and functional changes in retinitis pigmentosa
patients with confirmed rhodopsin mutations.

Methods: Eighteen eyes in nine retinitis pigmentosa patients (1 (11,1%) female, 8 males
(88,9%)) with confirmed rhodopsin mutations were included into the prospective observa-
tional study. The mean age was 48±15 years. spectral domain optical coherence tomography
(sd-OCT) with 25 volume b-scans was used to acquire high resolution retinal images for every
individual. The mean of retinal thickness at 0 degree, 5 degree and  10 degree retinal eccen-
tricity as well as the mean thickness of Is/Os+RPE and RNfl+GlC were assessed  by central
macula b-scan. Retinal cysts were evaluated using novel multimodal mapping software. The
vertical diameter of cystical changes was calculated (µm) and averaged in central macula b-
scan for each individual. Correlation with functional parameters, in particularly visual acuity
(logMAR) and static visual field 30 degree, i.e. threshold (luE), and fixation was performed.

Results: The mean retinal thickness was 268±26 µm, 276±58 µm and 215±19 µm at 0, 5 and
10 degree retinal eccentricity, respectively (p<0,05). The mean thickness of Is/Os and RNfl
was 36±8 µm and 62±16 µm, respectively. The mean vertical diameter of cystical changes was
67±40 µm in central macula b-scan. Cystical changes were observed in 7 eyes (36,84%), while
in 2  eyes (28,6%) were located in ONl, 4 (57,1%) in INl and 1 (14,3%) in RNfl. significant cor-
relation was observed between retinal thickness (at 5 and 10 degree eccentricity) and best
corrected visual acuity logMAR) (r=-0,62; p<0,05) as well as between static visual field treshold
and retinal thickness (in 5 degree eccentricity) (r=0,74; p<0,01). Cystical changes were signifi-
cantly correlated with fixation in static visual field (r=-0,762; p<0,05). 

Conclusions: Changes in retinal structure are significantly associated with functional alter-
ations in retinitis pigmentosa patients with confirmed rhodopsin mutations.  Imaging of reti-
nal structure by means of OCT is one mean to support diagnosis of retinitis pigmentosa as a
typical configuration of the retina can be detected, and thus could be applied as sensitive tool
in treatment trials. 
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A new conditional photoreceptor degeneration and regeneration
model in the adult zebrafish retina

Sarah Hochmann, Stefan Hans, Jan Kaslin, Anja Machate, Anke Weber and Michael Brand

Biotechnology Center, BIOTEC and Center for Regenerative Therapies Dresden, CRTD, TU Dresden,
Dresden, Germany. sarah.hochmann@biotec.tu-dresden.de

Purpose: since photoreceptor cell loss during adulthood is one of the major causes for blind-
ness in humans, it is of huge interest to investigate retinopathy studies in regenerating model
organisms. unlike mammals, zebrafish gain a tremendous ability to regenerate parts of their
central nervous system (CNs) and retina. furthermore, the wealth of tools available and the
cone-dominance of the zebrafish retina make it a promising model to investigate human
retinopathies.

Method: We developed in our lab a new conditional genetic lesion model in the fgf pathway
with the aim to analyze photoreceptor degeneration and disorganization in the adult retinal
tissue. We characterized our model using brdu birthdating experiments, apoptosis assays and
immunohistochemistry. furthermore our model allows us to do lineage tracing experiments
of different cell populations in the adult retina.

Results: using conditional transgene expression we specifically ablated photoreceptor cells,
while other cells are largely unaffected. Our experiments revealed that photoreceptor cells
were gradually dying and almost completely lost within one week after onset of transgene
expression. More importantly, we could also show that these processes are completely
reversible in the adult zebrafish and regeneration can be traced from dividing progenitors into
newly differentiated photoreceptors. Thus, a very fast and profound regeneration response is
able to restore the layered structure by integrating new photoreceptor cells into the existing
adult retina.

Conclusion: Here we introduce a new transgenic and inducible genetic lesion model to study
adult photoreceptor degeneration and regeneration. This model will be used to investigate
photoreceptor maintenance and the mechanisms that allow regeneration to occur in the
adult vertebrate retina.
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Identification of Rx1 (RAX) and Rx-L (RAXL1) target genes in
vertebrate development 

Marlen Metzig1, Huijuan Wu2 & Thomas Hollemann1

1Martin-Luther-Universität Halle-Wittenberg, 2St. Jude Children’s Research Hospital, Memphis, USA

Members of the Rax (Rx)-family of homeobox-containing transcription factors are known to
play an important role during neural development, in particular the development of the visu-
al system. In humans, mutations of the RAX gene, often within the dNA-binding domain, led
to clinical anophthalmia or microphthalmia. However, mutations in a related gene, RAXl1,
were associated with age related macular degeneration and cone-rod dystrophy-11. In Xeno-
pus, Rx1(Rax) specifies the eye field in concert with other EfTfs (eye field transcription factors),
like ET, Six3, Pax6 and Lhx2. during later development Rx1 keeps retinal progenitor cells in a
proliferative state. More recently, we identified a second member of this family from Xenopus
and we were able to show that Rx-L (RaxL1) is important to program retinal progenitor cells
into photoreceptor cells at the expense of amacrine and biopolar cells. little is known about
the target genes or potential interacting partners of Rx-L and Rx1. All vertebrate Rx-family
members share a highly conserved homeodomain and within its C-terminus a so-called Rx-
and OAR-domain of yet unknown functions. We aim to understand the role of both genes and
more specific the role of the putative functional domains outside the homeodomain. Thus, we
employ microarray experiments to identify possible target genes of Rx1 and Rx-L using neural-
ized embryonic stem cells and employ domain swap constructs in in vivo lipofection experi-
ments of frog embryos to define putative functions of certain Rx-specific domains. 
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Development of a humanized Mouse-Model for X-linked Retinitis
Pigmentosa caused by a point mutation in the RPGR gene

Jutta Hosch1, Stefan Günther2, Thomas Braun2, Alfred Pingoud3, Birgit Lorenz1, Knut Stieger1

1 Department of Ophthalmology, Justus Liebig University Giessen, Germany
2 Max Planck Institute for Heart and Lung Research, Bad Nauheim, Germany
3 Department of Biochemistry, Justus Liebig University Giessen, Germany

Introduction: Mutations in the gene encoding the retinitis pigmentosa GTPase regulator
(RPGR) are the most frequent causes for X-linked RP in humans. Most of the responsible muta-
tions can be found in a specific repetitive region of the ORf15, which is therefore called the
“mutation hot spot” of RPGR. Point mutations in ORf15 cause a frame shift, leading to a modi-
fied C-terminal amino acid chain and potentially causing a toxic gain of function of the mutat-
ed protein. The purpose of this study is to develop a mouse model that contains a 1 base pair
deletion, which provokes a change of the amino acids at the C-terminal end similar to the
mutated human proteins.

Methods: In addition to the pathologic mutation 2793delA and two silent mutations
(2650subT-C, 3071subA-T), the targeting vector contained positive and negative selection
markers (neo, dTA), and a restriction site for the homing endonuclease IsceI for later applica-
tions in gene therapy. Genotyping of resulting offspring was performed by PCR, RT-PCR,
restriction digestion and sequencing. for histological analysis, whole eyes were fixed in
bouin’s solution and embedded in paraffin. slices of 7µm were stained with hematoxy -
lin/eosin and images were obtained using a digital microscope (Keyence b8000). 

Results: The targeting vector was introduced into C57/bl6-129sv hybrid Es cells and positive
clones were implanted into surrogate mother mice. Chimeric animals were genotyped and
back-crossed into bl/6 background. Histological analysis of the retina reveals a progressive
reduction of the size of the retina as well as delocalized nuclei among the Is (inner segments)
and Os (outer segments) of photoreceptors as early as 12 weeks post natal.

Discussion: The newly generated mouse model displays a degenerative phenotype, suggest-
ing the activation of a similar or at least related pathologic pathway compared to human
patients. Therefore, this model may help to gain further insight into the pathological mecha-
nisms involved in retinal degeneration, the expression pattern of mutated RPGR-ORf15 forms,
the influence of point mutations in the ORf15 repetitive region on expression and splicing of
the mRNA, and the biochemical reason for the toxicity of such proteins.
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Towards a stem cell-based intraocular delivery system

Gila Jung1, Jing Sun1, Bettina Petrowitz1, Kristoffer Weber2, Boris Fehse2, Udo Bartsch1

(1) Department of Ophthalmology and (2) Research Department Cell and Gene Therapy, University
Medical Center Hamburg-Eppendorf, Hamburg 

Objective: The application of neuroprotective factors that attenuate photoreceptor degeneration is
among the strategies to develop mutation-independent treatments for hereditary retinal degenera-
tions and other pathologies involving photoreceptor death. A continuous and long-lasting intraocu-
lar delivery of neuroprotective factors might be achieved by transplantations of stem cells engi-
neered to express these factors. To establish such a stem cell-based intraocular delivery system, we
generated novel lentiviral vectors to express neurotrophic factors in murine neural stem (Ns) cells
and the neural precursor cell line C17.2. Transplantation experiments into the rd1 mutant mouse
were performed to evaluate the therapeutic potential of this stem cell-based delivery system. 

Methods: To express neurotrophic factors in murine Ns cells, we have generated bicistronic lentiviral
vectors encoding a CMv early enhancer/chicken ß-actin (CAG) hybrid promoter, a "gene of interest"
(GdNf or CNTf), and a fluorescence/resistance fusion gene. for co-expression of transgenes, cells
were transduced with several vectors each encoding a different combination of fluorescence and
resistance genes. Engineered stem cell cultures and clonal stem cell lines were analyzed for expres-
sion of transgenes using immunocytochemistry and immunoblot analysis, and grafted into rd1, rd10
or wild-type mice to study their fate in vivo and to analyze the therapeutic potential of this stem cell-
based delivery system.

Results: lentiviral vectors allowed rapid derivation of engineered stem cell cultures and clonal stem
cell lines. Immunocytochemistry and immunoblot analysis confirmed expression of GdNf and CNTf
in both cell populations, and their secretion into the culture supernatant. Co-expression of trans-
genes was also successfully achieved, as indicated by the co-expression of two or more reporter
genes. Intraocular transplantation experiments revealed that grafted cells survived and expressed
the transgenes for at least one month. Importantly, intravitreal injections of clonally derived C17.2
cell lines with a forced expression of CNTf significantly attenuated photoreceptor degeneration in
the rd1 mouse mutant. 

Conclusions: We have developed a stem cell-based intraocular delivery system that enables us to
target functionally relevant quantities of neuroprotective factors to the retina. This stem cell-based
delivery system will be of use to evaluate the therapeutic potential of other factors with neuropro-
tective activity on photoreceptors, as well as combinations thereof, in mouse models of retinal dys-
trophies. 

supported by the PRO RETINA stiftung (to u.b.)
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Towards identification of the genetic defect underlying North
Carolina Macular Dystrophy (NCMD)

Larissa Kalb1, Felix Grassmann1, Ulrich Kellner2, Bernhard HF Weber1, Heidi Stöhr1

1Institut für Humangenetik, Universität Regensburg, Franz-Josef-Strauß-Allee 11, 93053 Regensburg
2Augenzentrum Siegburg, Europaplatz 3, 53721 Siegburg

Purpose: NCMd is an autosomal dominant macular dystrophy with congenital or infantile onset
and a remarkable variation of clinical phenotypes. The NCMd gene locus has been mapped to
chromosome 6q16. Genotyping of three German NCMd families identified an ancestral core
haplotype that defines a 1.85 Mbp candidate interval. direct sequencing of all annotated genes
including the abundant retinal PRdM13 gene in these NCMd patients failed to identify the dis-
ease causing mutation. Here, we performed genetic mapping in novel NCMd families to screen
for additional NCMd-associated haplotypes and furthermore assessed the role of chromosomal
rearrangements in NCMd.

Methods: Individuals from 14 families with clinical symptoms of NCMd were genotyped with
microsatellite markers located within the critical NCMd interval. southern blot analysis was
used to screen for larger chromosomal abnormalities around the PRdM13 locus. 

Results: Additional five NCMd families and one simplex case were identified to carry the
ancestral haplotype. One recombination event further refined the minimal candidate region
to a 1.64 Mbp interval. Moreover, additional and distinct haplotypes were found in two Ger-
man families. so far, southern blot analysis of dNA from genetically-mapped NCMd patients
with five out of nine probes covering the entire PRdM13 region showed no chromosomal
rearrangement.

Conclusions: The failure to detect the NCMd-associated founder mutation by direct sequenc-
ing of the coding sequence of all annotated genes in the NCMd candidate region raises the
possibility of genomic rearrangements that possibly affect regulatory regions as the cause of
NCMd. Thus, extensive analysis by southern blotting will be performed to screen for chromo-
somal abnormalities. The identification of NCMd families with haplotypes different from the
founder haplotype suggests independent mutations underlying NCMd. Mutational screening
of these patients is currently ongoing.
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PU.1 and NFkB control Activated Macrophage/Microglia WAP
domain protein (AMWAP) expression during microglial activation 

Marcus Karlstetter1, Yana Walczak1, Stefanie Ebert1, Karin Weigelt2, Jan Van den Brulle3, Heinz
Schwer3, Thomas Langmann1

1 Institute of Human Genetics, Regensburg, Germany
2 Department of Immunology, Erasmus MC, Rotterdam, The Netherlands
3 Sloning Bio Technology GmbH, Zeppelinstrasse 4, 82178 Puchheim, Germany

Purpose: Microglial activation is a common phenomenon in retinal dystrophies. To identify
genes involved in this process, we used dNA-microarray analysis of microglial cells from wild-
type and retinoschisin-deficient mice, a prototypic model for inherited retinal degeneration.
We identified strong expression of a novel microglia-restricted gene that was termed Activat-
ed Macrophage/Microglia WAP domain protein (AMWAP) (Karlstetter et al., J Immunol, 2010).
AMWAP acts as a negative regulator of microglial activation and shows broad serine protease-
inhibition and anti-bacterial potential. We hypothesize that AMWAP secretion from alerted
microglia is triggered by disease associated molecular patterns (DAMPs) present in the degener-
ating retina. The aim of this study was to characterize the transcriptional regulation of AMWAP
during different inflammatory conditions.

Methods: Cell culture experiments using mouse microglia and macrophages were used to
investigate induction of AMWAP gene expression by TlR agonists and Interferon-gamma
(IfNγ) in time-kinetics and dose-response experiments. qRT-PCR was performed to determine
AMWAP transcript levels. In vivo binding of the transcription factors Pu.1 and Nfkb to the
AMWAP promoter was analyzed by chromatin immunoprecipitation followed by qPCR.

Results: Microglia-specific AMWAP expression critically depends on the myeloid-specific tran-
scription factor Pu.1, which binds to the proximal promoter region of AMWAP. AMWAP tran-
script levels are also sensitive to IfNγ and several Toll-like receptor agonists mimicking disease
associated molecular patterns (dAMPs) in the degenerating retina. up-regulation of AMWAP
by TlR signaling was mainly mediated by Nfkb. blockade of new protein synthesis by cyclo-
heximide reduced this effect, indicating an influence of further transcription factors that are
newly synthesized upon TlR stimulation.

Conclusion: AMWAP transcription is mainly regulated by Pu.1 and depends on Nfkb signaling
during pro-inflammatory activation of microglial cells. Other transcription factors like Signal
Tranducers and Activators of Transcription (STATs) could be involved in AMWAP expression
under specific inflammatory conditions.
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Immunhistochemical characterization of the outer plexiforme
layer in animal models of retinal degeneration and gene transfer

Daniela Klein1, Bert Giers1, Fabienne Rolling2, Birgit Lorenz1, Silke Haverkamp3, Knut Stieger1

1 Department of Ophthalmology, Justus-Liebig-University Giessen, Germany
2 INSERM U649, University of Nantes, France
3 Max Planck Institute for Brain Research, Frankfurt, Germany

Introduction: The transient detachment of the neuroretina from the RPE through a subretinal
injection of saline causes reactive gliosis in several animal models. The question of whether
the subretinal injection of an AAv vector suspension causes permanent alterations within the
synaptic circuits of the outer plexiform layer (OPl) remains unknown. The aim of this study
was to develop immunhistochemical tools for the characterization of the OPl in two different
animal models for retinal degeneration and gene transfer, the wistar rat and the swedish bri-
ard dog with mutations in the RPE65 gene.

Methods: Retinas have been obtained from a total of 6 untreated dogs, 4 affected and 2 unaf-
fected, as well as from 6 rats that underwent AAv mediated gene transfer. The tissues were
fixed in 4% PfA, cryoprotected in sucrose suspension and snap frozen in liquid nitrogen prior
to sectioning using a cryostat. Antibodies that have been used: CtbP2 (synaptic ribbons), PKCα
(rod bipolar cells), calbindin (horizontal cells), dhp (l-type calcium channel in photoreceptor
terminals), and Psd95 (photoreceptor axon terminals).

Results: In rats, all tested antibodies allowed a strong and specific detection of the respective
epitopes. Pre- and postsynaptic structures are macroscopically not altered after subretinal
injection and absolute numbers of synaptic ribbon structures do not differ significantly
between injected and control retina. In dogs, only CtbP2, PKCα, and calbindin could be used
for characterizing the OPl. In young animals (less than 3 years), the OPl structure does not dif-
fer between affected and unaffected animals. At later time points, pathologic changes can be
observed.

Discussion: We identified a battery of antibodies that can be used to analyze the morpholog-
ical structures within the OPl in rats and dogs. The neuronal circuits in the OPl of healthy rat
retinas undergoing AAv mediated gene transfer are not altered following the subretinal injec-
tion, by the presence of viral particles or the expression of GfP as transgene. In dogs, the
effects of AAv mediated gene therapy following subretinal injection can be analyzed using
the above tested antibodies, which may reveal new information about the difference in treat-
ment efficiency between dogs and man.
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Genes and mutations in autosomal recessive achromatopsia

Susanne Kohl1, Tanja Grau1, Simone Schaich1, Britta Baumann1, Bernd Wissinger1

Molecular Genetics Laboratory, Institute for Ophthalmic Research, Centre for Ophthalmology, Uni-
versity Tuebingen, Germany

Purpose: Achromatopsia (syn.: rod monochromatism, total colorblindness) is a rare autoso-
mal recessive inherited retinal disorder characterized by the absence of color discrimination,
low visual acuity, photophobia and congenital nystagmus. Here we provide valid and reliable
data on the genetic basis of achromatopsia in the Caucasian population including the preva-
lence of the known disease genes CNGA3, CNGB3, GNAT2 and PDE6C. 

Methods: Genetic testing comprised subsequent and continuous analysis of the coding
exons and flanking intron sequences of CNGA3, CNGB3, GNAT2 and PDE6C in over 600 inde-
pendent patients with a clinical diagnosis of autosomal recessive achromatopsia by means of
PCR and direct sanger sequencing. segregation analysis was carried out where dNA samples
from family members were available. 

Results: We were able to identify mutations in 579 patient from 397 individual families with a
clinical diagnosis of autosomal recessive achromatopsia: 216 patients (141 families) carried
mutations in CNGA3, 336 patients (237 families) in CNGB3, 16 patients (12 families) carried
mutations in GNAT2, and 11 patients (7 families) in PDE6C. single heterozygous mutations
were observed in 6 cases in CNGA3 and in 27 patients in CNGB3. The complete mutation spec-
tra comprised <100 different mutations in CNGA3, 58 mutations in CNGB3, 14 mutations in
GNAT2 and 11 mutations in PDE6C. 

Conclusions: CNGB3/ACHM3 remains the major locus for achromatopsia accounting for ~50%
of all affected patients, while mutations in CNGA3/ACHM2 are responsible for ~30% of achro-
mats in our patient sample. In contrast, GNAT2/ACHM4 and PDE6C/ACHM5 only play a minor
role with 2.5% and 1.5% of patients carrying mutations in these genes, respectively. Our data
and patient sample will be valuable to support clinical and therapeutic studies on achro-
matopsia, which is currently being considered as a major target for retinal gene therapy. 

supported by a dfG grant (KfO134:Ko2176/2-1).
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The Secretion of ARMS2 Suggests a Novel Protein Export Mechanism 

Elod Kortvely1, Stefanie M. Hauck2, Jennifer Behler2, Matteo Gorza2, Lili Feng1, Marcel Blindert2,
Marius Ueffing1, 2

1 Center for Ophthalmology, University of Tübingen, Germany
2 Department of Protein Science, Helmholtz Zentrum München, Germany

Purpose: Over one-third of all proteins synthesized in eukaryotic cells enter the secretory
pathway. In the best characterized cases, the first translated, N-terminal, signal peptide and its
receptor directs the ribosome to the endoplasmic reticulum (ER). besides, a subgroup of pro-
teins is fully synthesized in the cytosol, and reaches the ER only post-translationally. Yet anoth-
er group of proteins is secreted without traversing the ER-Golgi system.
ARMs2 is one of the three candidate genes strongly associated with age-related macular
degeneration (AMd) and subjected to unconventional secretion. Here we set out to determine
the overall trafficking patterns of this exceptional protein.

Methods: A series of mutant ARMs2 proteins were expressed in cultured cells and tested for
intracellular trafficking. Protein secretion was followed by fluorescent microscopy (ApoTome,
Zeiss) and Western blotting of extra- and intracellular fractions. Proteins involved in the export
of ARMs-2 were identified by co-immunoprecipitation using anti-ARMs2 antibody and identi-
fied by mass spectrometric analysis. The structure of ARMs2 was predicted by using the I-
TAssER server and visualized by PyMOl.

Results: We found that the di-isoleucine motif within the last eight amino acids (-sIIHTAAR*)
are indispensable for proper targeting. besides, we identified two further regions each span-
ning ~20 amino acids, which are also involved in this process. The modeling of ARMs2 sug-
gests that the di-isoleucine motif forms a highly hydrophobic interface between these two
stretches. several further proteins were found in the human genome possessing a C-terminal
di-Ile motif, and a few of them have been cloned, mutated and tested in an analogous way to
ARMs2. Nevertheless, no further proteins were found up to now, where such a di-Ile motif
would play a similar crucial role in targeting. Co-immunoprecipitation results indicate the
involvement of the poorly characterized vesicular sNARE protein sEC22b in the transport
process that is ER-dependent but Golgi-independent.

Conclusions: The secretion of ARMs2 suggests an alternative secretory pathway, probably
depending on the 3d structure of the protein. The vsNARE protein sEC22b may play a pivotal
role in hauling ARMs2. because drusen deposition matches that of ARMs2 on the other side of
the bruch´s membrane, this secretory mechanism might play an important role in the patho-
genesis of AMd.
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Small molecule-reprogrammed human induced pluripotent stem
cells differentiate into functional RPE and rescue retinal degener-
ation in vivo

Tim U. Krohne1,3, Peter D. Westenskow1, Mandy Lehmann1, David F. Friedlander1, Toshihide Kuri-
hara1, Alison L. Dorsey1, Wenlin Li2, Saiyong Zhu2, Sheng Ding2, Martin Friedlander1

1Department of Cell Biology and 2Department of Chemistry, The Scripps Research Institute, La
Jolla, California, USA
3Department of Ophthalmology, University of Bonn, Bonn, Germany

Purpose: The recent development of technologies capable of producing induced pluripotent
stem (iPs) cells from adult somatic tissues may permit their use to generate autologous retinal
pigment epithelium (RPE) grafts for the treatment of retinal diseases such as age-related mac-
ular degeneration and stargardt disease. Current reprogramming techniques require retrovi-
ral transduction of four transcription factors which in part possess oncogenic potential. Given
the associated risk of tumor formation, the use of iPs cells reprogrammed with a reduced
number of these factors would be advantageous. We evaluated human iPs cells that were
reprogrammed using small molecules and only two or one exogenous transcription factors for
their capacity to differentiate into functional RPE grafts.

Methods/Results: iPs cells were generated from primary human epidermal keratinocytes by
lentiviral transduction of two factors (Oct4, Klf4) or one factor (Oct4) and additional treatment
with small molecules. iPs cells reprogrammed by standard four factor transduction (Oct4,
sox2, Nanog, lin28) served as controls. RPE cells could be differentiated from four factor, two
factor and one factor-derived iPs cells.  Cells expressed RPE-specific markers (bestrophin,
CRAlbP, RPE65), formed epithelial monolayers with intracellular tight junctions, and exhibited
homogenous polygonal morphology and pronounced pigmentation. Cells performed RPE-
specific functions such as vectorial apical-to-basolateral fluid transport and photoreceptor
outer segment phagocytosis. subretinally transplantated cells reduced retinal degeneration
in the Royal College of surgeons (RCs) rat, a model of RPE-mediated retinal degeneration.

Conclusion: We demonstrate the capability of two and one factor-derived human iPs cells to
differentiate into cells with RPE-specific morphology and function and to rescue retinal
degeneration in vivo. further optimization of reprogramming and differentiation efficiency is
crucial for future therapeutic application of iPs cell-derived RPE cells as autologous grafts in
retinal diseases.

Support: deutsche forschungsgemeinschaft (KR 2863/6-1), California Institute of Regenera-
tive Medicine (TR1-01219), National Eye Institute (EY11254)
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ARMS2 expression is influenced by risk variants at the 10q26 AMD
locus but not causative for increased AMD susceptibility.

Judith Kuczka, Ulrike Friedrich, Bernhard HF Weber

Institute of Human Genetics, University of Regensburg, Germany

Backround: AMd is a multifactorial disease of the central retina and a leading cause of irreversible
vision loss in developed countries. Genetic variants in chromosomal region 10q26 have been strong-
ly associated with the disease and are located within a 23.3 kb region of strong linkage disequilibri-
um. These polymorphisms center over two nearby genes, ARMS2 (age-related maculopathy suscep-
tibility 2) and HTRA1 (HtrA serine peptidase 1). With the exception of a single non-synonymous
variant (rs10490924), the remaining associated polymorphisms appear not to have any obvious
functional consequences but may influence expression levels of either ARMS2 or HTRA1 (1, 2). The
aim of our study was to analyze the effect of risk and non risk associated polymorphisms on the
expression of ARMS2 and to detect putative functional consequences of altered ARMS2 mRNA levels.

Methods: Cos-7 cells were transfected with genomic, risk and non risk associated ARMS2 variants,
and ARMS2 expression was compared by qRT-PCR and immunocytochemistry. The influence of an
indel variant (c.* 372_815del443ins54) in the 3’-region of ARMS2 on its expression was tested by gen-
erating chimeric constructs of risk and non risk associated haplotypes. The expression of different
ARMS2 isoforms was also analyzed in human post-mortem retina/RPE samples heterozygous for dif-
ferent 10q26 haplotypes via semi-quantitative sequencing. finally, the effect of ARMS2 knockdown
and overexpression on the transcriptome of beWo cells was analyzed using the GeneChip Human
Exon 1.0 sT Array (Affymetrix).

Results: In in vitro assays, ARMS2 mRNA levels transcribed from the risk haplotype were significantly
reduced compared with non-risk mRNA isoforms. Analyzing chimeric ARMS2 constructs, this effect
could specifically be assigned to the insertion/deletion polymorphism (c.(*)372_815del443ins54) in
the 3'-untranslated region of ARMS2. Analysis of human retina/RPE samples heterozygous for the risk
haplotype confirmed the in vitro results demonstrating that the risk haplotype decreased ARMS2
transcript levels. However, we provide in vivo evidence that a common non-risk-associated variant
(rs2736911) also leads to decreased ARMS2 transcript levels. In addition, an up- or downregulation of
ARMS2 expression in beWo cells had no influence on the beWo transcriptome. 

Conclusion: Our data suggest that pathogenic effects due to ARMS2 mRNA or protein deficiency are
unlikely to account for AMd pathology.

Literature: 1) fritsche et al., 2008, Nat. Genet., 40:892-896; 2) dewan et al., 2006, science, 314:
989-992
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Microglial Activation and Transcriptomic Changes in the Blue
Light Exposed Mouse Retina

Thomas Langmann1, Stefanie Ebert1, Yana Walczak1, and Charlotte Remé2

1Institute of Human Genetics, University of Regensburg, Regensburg, Germany and 2University of
Zurich, Zurich, Switzerland.

Microglia are important components of the ocular immune system and may contribute to age
related macular degeneration. Exposure to blue light induces oxidative protein modifications
similar to those observed in drusen and elicits retinal immune responses. To study the under-
lying cellular events, we analyzed microglial activation and monitored transcriptomic changes
in blue light-induced retinal lesions. MacGreen mice with EGfP-tagged retinal microglia were
exposed to blue light. At different time intervals, eyes were prepared for immunofluorescence
microscopy, microarray analysis and qRT-PCR. Retinal whole mounts and cross sections
showed that EGfP labeled microglia rapidly migrated towards the retinal lesion. Prominent
transcriptomic changes occurred after 12h, peaked at 24h and declined at 72h. We identified
more than 100 differentially expressed genes, including transcripts related to microglial acti-
vation, apoptosis and regenerative signaling. A comparison of our results with published
datasets from white light damage indicates overlapping but also distinct molecular mecha-
nisms. This study extends our knowledge of transcriptomic changes in light induced models
of retinal degeneration.
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Imbalance of complement regulatory proteins CFHR1, CFHR3 and
factor H influences risk for Age Related Macular Degeneration
(AMD)

Nadine Lauer1*, Lars G. Fritsche2*, Andrea Hartmann1, Selina Stippa1, Claudia N. Keilhauer3,
Martin Oppermann4, Manoij Pandey5, Jörg Köhl5,6, Peter F. Zipfel1,7, Bernhard H.F. Weber2 and
Christine Skerka1

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

2Institute of Human Genetics, University of Regensburg, Germany
3Department of Ophthalmology, University Hospital Würzburg, Würzburg, Germany
4Department of Cellular and Molecular Immunology, University of Göttingen, Göttingen,
Germany

5Division of Molecular Immunology, Cincinnati Children's Hospital Research Foundation,
Cincinnati, USA

6Institute for Systemic Inflammation Research, University of Lübeck, Lübeck, Germany
7Friedrich-Schiller-University, Jena, Germany
*contribute equally

Purpose: Age related macular degeneration (AMd) is a degenerative eye disease in older indi-
viduals. deletion of the factor H related genes CFHR1 and CFHR3 (ΔCFHR1/ CFHR3) is protective
from AMd, but the underlying mechanism of this effect is still unclear. The deletion is dis-
cussed to be linked to one of the two protective polymorphisms of the factor H (CfH) gene,
sNP (rs1061170) and sNP (rs2274700). 

Results: Here we show in a German cohort of 530 AMd patients that ΔCFHR1/CFHR3 is protec-
tive to AMd and that this effect is independent of the two polymorphisms in CfH. These find-
ings suggested involvement of CFHR1 and CFHR3 protein functions in AMd. We characterized
CFHR3 functions and identified a novel human complement regulator that has cofactor activi-
ty for the serine protease factor I for cleavage of C3b. In addition CFHR3 has anti-inflammatory
effects and blocks C5a generation and C5a mediated chemoattraction of neutrophils. CFHR3
and also CFHR1 and factor H plasma concentrations are relevant for complement regulation,
as all three proteins compete for binding to the central complement component C3b.
ΔCFHR1/CFHR3 enhances local factor H binding and regulation, which can explain the protec-
tive effect of ΔCFHR1/CFHR3 from AMd.

Conclusions: The findings underline the central role of complement regulation in AMd and
define a critical balance of the complement regulators CFHR1, CFHR3 and factor H in human
plasma.
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The new chimeric alternative complement inhibitor
COMP_CFH15-20 protects surfaces from complement
mediated damage

Nadine Lauer1, Daniel Ricklin2, Stefan Heinen1, Hans-Martin Dahse1, Apostolia Tzekou2, John D.
Lambris2 and Peter F. Zipfel1, 3

1Leibniz Institute for Natural Product Research and Infection Biology, Department of Infection
Biology, Beutenbergstrasse 11a, 07745 Jena, Germany;

2Department of Pathology and Laboratory Medicine, University of Pennsylvania, Philadelphia, 
PA 19104, USA

3Friedrich Schiller University, Fürstengraben 1, 07743 Jena, Germany

Purpose: The human complement cascade regulates tissue homeostasis, controls inflamma-
tion and modulates the adaptive immunity. However, defective regulation of this self amplify-
ing cascade results in tissue damage and is a major risk factor for the development of age-
related macular degeneration (AMd). Therefore intervention in the human complement
system is both relevant and attractive for treatment of complement mediated diseases such as
AMd. One major aspect of therapeutic complement control is whether inhibition is achieved
systemically or locally. Given the central role of the alternative regulator factor H and its sur-
face attachment for the protection of retinal surfaces, we utilized the surface attachment
region of factor H, as a central sensor of cellular damage, to direct a complement inhibitor to
retinal surfaces and to sites of immune stress. 

Methods/Results: To this end we generated a recombinant fusion protein, that combines the
surface attachment region of factor H (i.e. domains sCR15-20) with the established comple-
ment inhibitor compstatin. The dual activities of this novel COMP_CfH15-20 protein were
assayed regarding C3/C3b binding, and by comparing the complement inhibitory activities in
fluid phase and on the surfaces of nucleated cells in the presence of regulator-reduced human
plasma. COMP_CfH15-20 efficiently blocked complement amplification on activator and non-
activator surfaces of erythrocytes, on living as well as on degenerated nucleated cells. bound
to epithelial cells COMP_CfH15-20 protected these surfaces from complement mediated
damage in a dose-dependent manner, and the tagged compstatin was about 30 % more effi-
cient than the native one. 

Conclusion: COMP_CfH15-20 is a promising new complement regulator. It allows potent
local complement control, specifically at surfaces damaged by immune stress and additionally
abolishes -some- adverse effects, that occur upon systemic complement inhibition. 
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Store operated calcium entry in short-time culture of pig retinal
pigment epithelium

Más Gómez N. ,Strauss O.

Eye Hospital, University Medical Center Regensburg, Experimental Ophthalmology, Regensburg

Retinal pigment epithelium (RPE) interacts with photoreceptors and supports visual function.
Many of these functions such as visual cycle or secretion are regulated by increases in intracel-
lular Ca2+ as second-messenger.
store operated calcium entry (sOCE) is an important mechanism in calcium signaling to regu-
late many cellular processes. In native RPE cells little is known about ICRAC channels activation.
We aim to show activation of sOCE through ICRAC channel pathway in primary pig RPE cells
close to in vivo conditions. 

Methods: RT-PCR and fuRA 2AM Ca2+ imaging in pig RPE cells 48 h after preparation.

Result: RT-PCR revealed expression of ICRAC channel proteins Orai 1-3 and in addition stim
1and 2 proteins.  Activation of sOCE was induced by depletion of Ca2+ store (ER) in the pres-
ence or absence of thapsigargin (1 µM) under extracellular Ca2+ free conditions. Re-adding of
extracellular Ca2+ increased intracellular Ca2+ by 15 fold of basal calcium (n = 9). This was
blocked with 2-APb (75 µM) but not with sKf (50 µM). due to the large increase of Ca2+ trigged
by thapsigargin, 2-APb (5 µM) had no effect but when the depletion was only with extracellu-
lar Ca2+ free, 2-APb (5 µM) increased intracellular Ca2+ from 123 nM to 151 nM.

Conclusions: short-time RPE cell culture which is close to in vivo conditions show functional
presence of Orai probably regulated by stim activation. Our findings bring a new pathway of
calcium signaling in the RPE that give insight on function of endogenously expressed proteins
in this tissue which are involved in Ca2+ signaling.
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Molecular in vivo imaging of VEGF using fluorescence-labeled
Bevacizumab in an animal model

Johanna Meyer1, Alexander Cunea1, Pia Welker2, Kai Licha2, Dagmar Sonntag-Bensch1, Steffen
Schmitz-Valckenberg1, Frank G. Holz1

1Department of Ophthalmology, University of Bonn, Germany, Ernst-Abbe-Str. 2, 53127 Bonn
2Mivenion GmbH, Luisencarrée, Robert-Koch-Platz 4-8, 10115 Berlin

Purpose: The aim of this study is to develop a fluorescent molecular probe linked to a human-
ized monoclonal vascular endothelial growth factor (vEGf)- antibody against vEGf for in vivo
imaging of free vEGf in the retina. 

Methods: bevacizumab was covalently attached to a near-infrared indocyanine dye yielding a
soluble conjugate. In vivo reflectance (exc. 488 nm and 830 nm) and fluorescence (exc. 488 nm
and 790 nm, em. 500–700 nm and >800 nm) imaging was performed in eleven dark Agouti
rats using confocal scanning laser ophthalmoscopy (cslO). Multiple retinal lesions around the
optic nerve head were placed by argon laser photocoagulation on day one. On day seven the
fluorescent bevacizumab conjugate was intraperitoneally injected and its retinal uptake
recorded in vivo. Animals were imaged at pre-defined time intervals for up to 35 days.

Results: In vivo imaging before dye injection showed ill-defined retinal lesions on day seven.
directly following injection (on day seven) no fluorescence was visible in all animals, while a
strong signal was present on day eight in the retinal vasculature and within roundish laser
lesions. furthermore, multiple fluorescent spots were visible. Over time, a continuous
decrease of the fluorescence intensity was observed within retinal blood vessels and laser
lesions for up to 23 days after injection. fluorescent spots were visualized up to 35 days fol-
lowing injection.

Conclusion: This study demonstrates that the fluorescent bevacizumab conjugate can be
visualized in the retinal vasculature using in vivo imaging. Its spatio-temporal relationship at
the site of vEGf-hyperexpression can be determined. following further expanded investiga-
tions in animal models, molecular imaging of vEGf may be applicable in patients for earlier
diagnosis and more refined individualized anti-vEGf therapies to optimize functional out-
comes.



55

Expression of recombinant ARMS2 in Pichia pastoris

Sven Micklisch1,Peter F. Zipfel1,2 and Christine Skerka1

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

2 Friedrich Schiller University, Jena, Germany

Purpose: Age-related macular degeneration (AMd) is the most frequent cause of blindness in
people older than fifty years. The hallmark of AMd is the accumulation of deposits (drusen) at
the macula, which leads to the degeneration of pigment epithelial cells in the retina. AMd is
complement associated as complement genes such as factor H, CFHR1, CFHR3, C2, C3, factor B
determine susceptibility to the disease. Nucleotide polymorphisms in two further genes
(ARMS2 and HTRA1) with advanced AMd susceptibility were identified in a number of inde-
pendent genetic studies. However, the precise physiological role of the encoded gene prod-
ucts are still unclear and also reports about expression and cellular localization are inconsis-
tent. Thus the function of ARMS2/HTRA1 remain to be fully evaluated. To determine the
physiological role of ARMS2, recombinant expression and efficient purification of the protein is
of high interest. Here we show expression of the ARMS2 protein in the Pichia pastoris expres-
sion system and its purification to homogeneity. 

Methods: Condon optimized cdNA of ARMS2 was cloned and protein was expressed in Pichia
pastoris. The recombinant protein was purified by nickel-affinity chromatography. The identity
of ARMS2 was confirmed by MAldI Tof analysis. The recombinant protein was separated by
sds PAGE and stained with silver or detected by immune staining. different antibodies were
compared for detection. 

Results: The ARMS2 protein was recombinantly expressed in Pichia pastoris system followed
by chromatocraphical purification steps that revealed a highly purified protein. The high yield
of protein expression will be used to immunisation of  rabbits to generate specific antiserum.
The purification of ARMS2 under physiological conditions allows functional assays such as
binding of ARMS2 to human cells. The recombinant protein together with the antiserum we
will focus on the identification of the ARMS2 function and how the polymorphisms in the
ARMS2 gene influence protein functions. These findings will help to understand the patho-
mechanism of AMd.  

supported by the ProRetina foundation
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Disease-associated missense mutations in bestrophin-1 affect
cellular trafficking and anion conductance

Vladimir M. Milenkovic1, Elena Röhrl2, Bernhard H.F. Weber2, Olaf Strauß1

1 Experimental Ophthalmology, Eye Hospital, University Medical Center Regensburg, Germany;
2 Institute of Human Genetics, University of Regensburg, Germany

Purpose: bestrophin-1 is an integral membrane protein encoded by the bEsT1 gene and
localized predominantly to the basolateral membrane of the retinal pigment epithelium (RPE).
Mutations in the bEsT1 gene were first associated with best vitelliforme macular dystrophy
(bMd), central retinopathy with autosomal dominant inheritance and variable penetrance. To
date, over 120 disease-causing mutations are known. While initially thought to impair Cl-

channel function, the molecular pathology of bEsT1 mutations is still controversial. To further
study the cellular effects of bMd mutations, we have now analyzed the subcellular localization
and anion conductance of 13 disease-associated bEsT1 mutations.

Methods: Wild-type bestrophin-1 and 13 missense mutations located in four mutational hot
spots of bestrophin-1 were generated by site-directed mutagenesis and stably expressed in
polarized MdCK II cells, an established model of apical to basolateral protein sorting. Cells
were subsequently co-stained with anti bestrophin-1 antibody and antibody markers for sub-
cellular compartments. Pearson’s correlation coefficient (PCC) was employed to quantitatively
evaluate co-localization. To investigate the impact of missense mutations on the ability of
bestrophin-1 to increase anion permeability of the cell membrane, iodide fluxes were meas-
ured by halide sensitive YfPI152l fluorescence quench.

Results: Wild-type bestrophin-1 was targeted to the basolateral membrane and showed
strong co-localization with the plasma membrane marker monocarboxylic acid transporter 1
(MCT1). In contrast, 9 out of 13 bestrophin-1 mutants revealed no co-localization with the
MCT1 membrane protein and mainly accumulate in the Golgi complex and the endoplasmic
reticulum. functional analysis of bestrophin-1 mutants by Iodide fluxes in HEK-293 cells
showed that all mutants exhibited significant reduction in anion conductance.

Conclusions: Together, our data indicate that a defective intracellular trafficking could be a
common cause of bMd accompanied by an impaired anion conductance representing a loss
of anion channel function likely due to mistargeting of mutant proteins.
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Cleavage of Fas Ligand Regulates Vessel Leakage in Laser Induced
CNV

Carolin Milojcic1,2, Dimosthenis Mantopoulos3, Demetrios Vavvas3, Andrea Giani3, Ann Marshak-
Rothstein4, Frank G. Holz1, Bruce R. Ksander2, Meredith S. Gregory2

1Ophthalmology, University of Bonn, Bonn, Germany; 2Schepens Eye Rsch Inst, Harvard Medical
School, Boston, MA; 3Ophthalmology, Massachusetts Eye & Ear Infirmary, Boston, MA; 4Medicine,
University of Massachusetts, Worcester, MA

Purpose: In age-related macular degeneration (AMd) choroidal neovascularization (CNv) is
the main cause of severe visual loss, in part due to vessel leakage that causes retinal edema.
fas ligand (fasl) has been shown to be an important inhibitor of neovascularization by induc-
ing apoptosis in fas+ endothelial cells. However, fasl is a membrane-bound protein (mfasl)
that can be cleaved by metalloproteases to release a soluble form (sfasl). Membrane fasl is
pro-apoptotic and pro-inflammatory, while sfasl is anti-apoptotic and anti-inflammatory.
fasl is constitutively expressed in immune privileged sites and within the eye is found in the
retina and RPE cells. Preventing fasl cleavage by treating with doxycyline to inhibit MMPs has
been shown to reduce CNv. We extended these studies by examining the effect of fasl cleav-
age in vessel leakage using a membrane-only fasl mouse (ΔCs.1) in which the fasl metallo-
proteinase cleavage sites in exon 2 was mutated. ΔCs.1 mice only express mfasl and no sfasl.

Methods: A mouse model of laser-induced CNv was used in which four laser spots were
placed in each quadrant using a red krypton laser. Groups of WT b6 and ΔCs.1 mice received
laser treatment and at days 5 and 14 post-treatment high-resolution sd-OCT and fluorescein
angiography (fA) were performed. Choroidal flat-mounts and retinal sections were analyzed
histologically.

Results: laser-induced damage led to significantly increased vessel leakage in WT, but not in
mfasl- only mice, as observed by fA 5 and 14 days post treatment. Reduced vessel leakage
was not due to a smaller retinal lesion in mfasl- only mice, since sd-OCT analysis revealed
equal size lesions in WT and mfasl- only mice.

Conclusions: laser treatment of ΔCs.1 mice that express only mfasl resulted in significantly
less vessel leakage. These data indicate that cleavage of fasl and production of sfasl is patho-
genic and contributes to vessel leakage and retinal edema.
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Retinal degeneration and microglial activation in mouse models
of neuronal ceroid lipofuscinoses

Mirza M.1, Rüther K.2, Langmann T1

1Institute of Human Genetics, Regensburg, Germany; 2Department of Ophthalmology, Charité
Universitätsmedizin Berlin, Campus Virchow-Klinikum

Purpose: Neuronal ceroid lipofuscinoses (NCl) are early onset lysosomal storage disorders char-
acterized by vision loss, mental and motor deficits, and spontaneous seizures. Patients remain in
a vegetative state for several years before premature death occurs. Neuropathological analyses
of human autopsy material and brain from NCl animal models revealed neuroimmune process-
es closely associated with neuronal degeneration. It is currently unclear whether this phenome-
non is confined to the brain or also occurs in the retina. Therefore, the aim of our study was to
characterize the relation between retinal degeneration and microglial activation in different
mouse models of NCl.

Methods: Retinal degeneration of the NCl mutant mouse strains Cln3Δex7/8 KI and Cln6nclf was
characterized by detailed structural analyses at different ages. Microglial morphology and
migration was analyzed by immunohistochemistry. visual acuity was determined by measur-
ing the optokinetic response in an Optomotry system.

Results: Our data show that there is a migration of microglia from the plexiform layers to the
nuclear layers in ClN6nclf and Cln3Δex7/8 KI retinas, which is consistent with an alerted state of
microglia. Moreover, the cell shape of these cells changed from a ramified form to an amoe-
boid form. Histological analyses revealed that this microglial activity was accompanied by a
prominent retinal degeneration. Optomotry tests showed that the ClN6nclf and Cln3Δex7/8 KI
mice had a progressive decline in visual acuity as they aged. 

Conclusion: Our results identified a coincidence of microglial activation, retinal degeneration,
and vision loss in ClN6nclf and Cln3Δex7/8 KI mice. We therefore hypothesize that therapies
aimed a modulating retinal microglia activation could be helpful to preserve vision in NCl
patients.
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L-type Ca2+ channels, Ca2+-activated K+ channels and their key
role in the phagocytic function of the retinal pigment epithelium

Claudia Müller1, Peter Ruth2, Jörg Striessnig3, Olaf Strauss1

1 Experimental Ophthalmology, University Eye Clinic, Franz-Josef-Strauss-Allee 11,
Regensburg, 93053, Germany

2 Pharmacology und Toxicology, Pharmaceutical Institute University Tübingen,
Auf der Morgenstelle 8,  Tübingen, 72076, Germany 

3 Institute of Pharmacy, Pharmacology, and Toxicology, and Center for Molecular Biosciences, Uni-
versity of Innsbruck, Peter-Mayr-Strasse 1/I, Innsbruck, Austria.

Objective: In the retinal pigment epithelium (RPE) the activation of l-type Ca2+ channels regulates
different physiologically important cell functions such as phagocytosis of shed photoreceptor
outer segments. Recently a direct coupling of  large-conductance voltage- and Ca2+-activated K+

channel (bK channel) activity to l-type Ca2+ channel activation via a negative feedback control has
been described (Wimmers et al. 2008, Molecular vision). Aim of this study was to investigate the
relevance of these interactions for phagocytosis.

Methods: To analyze the role of bK channels and l-type Ca2+ channels Cav1.3 in phagocytosis
mice with deficiencies for both channel proteins were used (bK-/-, Cav1.3-/-). for in vivo measure-
ment of circadian rhythm of retinal phagocytosis we labeled the outer segment protein rhodopsin
in retinal cross-sections of mice and quantified rhodopsin-positiv phagosoms in the RPE at two
time points during the day: 30 minutes and 8 hours after onset of light in the morning. An in vitro
approach for RPE cell phagocytosis of photoreceptor outer segment fragments was established.

Results: In the morning, phagocytic activity showed in wild-type mice a peak of 11±4 phago-
somes/ 100 µm retina which decreased to a base level of 4±2 phagosomes/ 100 µm. In the bK-/-
mice we observed an increase of the peak activity to 15±5 phagosomes / 100 µm and a return to
lower base level of 2.5±2 phagosomes/ 100 µm. both, the peak phagocytic activity in the morning
and during the afternoon were significantly different (P< 0.001). In the Cav1.3-/- mice we observed
a significantly increased phagocytic activity at the second time point, with the number of 5±1
phagosomes / 100 µm  increased compared with the wild-type control. Phagocytosis of RPE cells
in vitro was increased by iberiotoxin, a specific bK channel blocker. Additionally we observed in 16
months old bK-/- mice a decrease in photoreceptor outer segment length, measured as ratio outer
segment length/ inner segment length of 1.83±0.6 compared with 2.23±0.8 in wildtype mice.

Conclusion: In conclusion, the absence of bK channels and Cav1.3 channels lead to altered circa-
dian regulation of phagocytic function of the RPE in vivo. Inhibition of both channels to modulate
phagocytic activity in vitro. These data indicate for the first time a role of ion channels in the regu-
lation of phagocytosis by the RPE.
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Gene Repair by Zinc Finger Nucleases mediated Homologous
Recombination of USH1C

Nora Overlack, Tobias Goldmann, Uwe Wolfrum and Kerstin Nagel-Wolfrum

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

Purpose: Human usher syndrome (usH) is the most frequent cause of inherited combined
deaf-blindness. It is clinically and genetically heterogeneous, assigned to three clinical usH
types of which the most severe type is usH1. No effective treatment for the ophthalmic com-
ponent of usH exists. Gene based strategies are attractive for the treatment of hereditary reti-
nal degenerations. Here we establish a strategy for gene repair of the USH1C gene by homolo-
gous recombination (HR). We replace a mutated segment of USH1C by an exogenous rescue
plasmid encoding for the healthy gene. To increase the efficiency of HR, double-strand breaks
are introduced at the mutated chromosomal region using zinc finger nucleases (ZfN). 

Methods: We screened the mutated Ush1c sequence for suitable ZfN binding sites and gener-
ated ZfN by modular assembly. We demonstrated the ZfN cleavage capability in vitro by semi-
quantitative duplex PCR. Gene repair by ZfN in cells was analyzed by TseI digestion, PCR
sequencing, indirect immunofluorescence and Western blot.

Results: ZfN were successfully generated, expressed in cell culture and the nuclear localiza-
tion was verified by indirect immunofluorescence. PCR demonstrated cleavage of the target
sequence in vitro by ZfN. successful gene repair mediated by ZfN induced HR was shown on
genomic level by TseI digestion and sequencing. Expression of the repaired Ush1c gene prod-
uct harmonin demonstrated ZfN activated gene repair on protein level, analyzed by indirect
immunofluorescence and Western blot. 

Conclusions: Gene repair by ZfN induced HR represents a powerful technique to correct
genetic defects. This ensures sustained and tissue-specific expression of the gene product.
Restoration of some usH1C protein might stop or slow down progression of retinal degenera-
tion and greatly improve the life quality of usH1 patients.

Supports: dfG, fAuN-stiftung, forschung contra blindheit, foundation fighting blindness



61

Identification of risk genes for age-related macular degeneration
and drusen formation in rhesus macaques as animal model

Pahl L.1, Fritsche L.G.2, Schubert S.1,  Schönmann U.3, Schmidtke J.1, Stuhrmann M.1

1 Institute of Human Genetics, Hannover Medical School, Hannover, Germany
2 Institute of Human Genetics, University of Regensburg, Regensburg, Germany
3 German Primate Centre, Göttingen, Germany

Aim: for age-related macular degeneration (AMd) in humans, the genes ARMS2 and HTRA1 in
the region 10q26 are both promising candidates for being involved in pathogenesis. However,
the associated variants are located in a region of strong linkage disequilibrium (ld) and, thus
far, in humans the determination of the causative gene was not possible. Rhesus monkeys suf-
fer from drusen, a major hallmark of AMd, and the drusen-phenotype shares susceptibility fac-
tors with AMd. Moreover, the existence of genetically homogenous cohorts offers an excellent
opportunity to determine drusen-specific risk factors. The aim of this study is to analyze the
ld structure of the 10q26 homologous genomic region in rhesus monkeys and to investigate
whether variants in ARMS2 or HTRA1 are associated with the drusen-phenotype as well.

Methods: We studied a genetically homogeneous cohort of 91 rhesus monkeys descending
from the island Cayo santiago that are currently housed in the German Primate Centre in Göt-
tingen. Within this group, ophthalmoscopic examinations revealed a naturally high drusen
prevalence of about 55% in monkeys >5 years. by sequencing fragments in a 20kb-region
around ARMS2 and HTRA1 we detected 56 polymorphisms. As one deviates from Hardy-Wein-
berg-Equilibrium, 55 variants could be used for creating an ld-Plot as well as testing for asso-
ciation. 

Results: We observed strong ld between these markers and were able to define two haplo-
type blocks. One of these blocks spanned the whole ARMS2 and the 5’ part of HTRA1 – almost
perfectly resembling the situation found in humans. Tests for association revealed a variant in
the promoter region of HTRA1 and two variants in 5’-uTR of ARMS2 to be associated with
drusen.

Conclusion: The strong ld – conserved in comparison with the human ld – indicates a func-
tional connection between the two candidate genes. This matches with current findings in
humans showing that a polymorphism in 3’-uTR of ARMS2 influences the HTRA1-expression.
To further evaluate a functional connection in our rhesus monkey cohort, reporter assays
involving the three identified variants are needed. The results might help to resolve whether
ARMS2, HTRA1 or an interaction of both genes is responsible for the observed effect in this
region.
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Expression ofrod cyclic–nucleotide gated (CNG) channelis critical
for rd1 mouse retinal degeneration

François Paquet-Durand1#, Susanne Beck2, Stylianos Michalakis3, Tobias Goldmann4, Gesine Huber2,
Regine Mühlfriedel2, Elvir Becirovic3, Uwe Wolfrum4, Naoyuki Tanimoto2, Mathias Seeliger2

1 University of Tübingen, Röntgenweg 11, 72076 Tübingen, GERMANY
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4 Johannes Gutenberg University of Mainz, Muellerweg 6, 55099 Mainz, GERMANY

#Corresponding author
François Paquet-Durand
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Phone: +49 (0) 7071 29 87430
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e-mail: francois.paquet-durand@klinikum.uni-tuebingen.de

Purpose: Retinitis pigmentosa (RP)is a severe and often blinding human retinal degeneration.
One of the most commonly studied animal models for RPis the rd1 mouse which is character-
ized by abnormally high levels of rod photoreceptor cGMP. despite several decades of
research, the mechanisms causing photoreceptor degeneration have remained poorly under-
stood. Here, we set out to study the role of cyclic-nucleotide-gated (CNG) channels in the
degenerative process, by crossing CNGb1-/- animals with rd1 mutant mice.

Methods: Wild-type, rd1, CNGb1-/- single, and rd1 x CNGb1-/- double mutant animals were
analysed in vivo using optic coherence tomography and scanning laser ophthalmoscopy
imaging techniques, combined with electroretinographic functional testing. Ex vivo analysis
included assessment of general retinal morphology, rod and cone photoreceptor markers,
degenerative markers (calpain activity, TuNEl), cGMP contents, and electron microscopicul-
trastructural analysis of rod outer segments.

Results: In rd1 x CNGb1-/- double mutants devoid of regular CNG channels, cGMP levels were-
strongly elevated, but rod photoreceptor viability and outer segment morphology were great-
ly improved. Activity of calcium (Ca2+)-activated calpain-type proteases was strongly reduced
in double mutants when compared with rd1 retina. Importantly, cone photoreceptors, the
basis for high-resolution daylight and colour vision, survived and remained functional for
extended periods of time. 
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Conclusions: We demonstrated the major importance ofCNG channels for rod photoreceptor
loss supporting the hypothesis of deleterious Ca2+-influx as a cause of rapid rod cell death.
Presence or absence of CNG channels was directly correlated with calpain activity, suggesting
that CNG channel-dependent Ca2+-influx caused excessive calpain-mediated proteolysis.The
survival and functionality of cone photoreceptors in double mutant animals illustrates how
therapeutic strategies targeting rods may preserve useful human vision for extended periods
of time. specifically, our results suggest that targeting rod CNG channels, rather than general
Ca2+-channel blockade, is a promising symptomatic approach to treat otherwise incurable
forms of cGMP-related RP.
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Localization of the Human P-Protein to a Subset of the Micro-
tubuli Network Indicates Involvement in Intracellular Transport of
L-DOPA Carrying Vesicles

Caroline Pasquay, Birgit Lorenz, Markus Preising

Labor für Molekulare Ophthalmologie, Klinik und Poliklinik für Augenheilkunde, Justus-Liebig Uni-
versität Giessen, Germany

Purpose: Mutations in the human OCA2 gene underlie autosomal recessive ocular and oculo-
cutaneous albinism. OCA2 encodes the P-protein a transmembrane protein of the melanoso-
mal membrane. No function could be associated with the P-protein by now. Predictions based
on the domain structure of P-Protein indicate a function in transmembrane transport of small
molecules or ions. To approach the impact of mutations in OCA2 we investigated the localiza-
tion of intrinsic P-protein expression in ARPE19 cells.

Methods: ARPE19 cells (ATCC No. CRl-2302) were seeded on slides with flexiperm silicon
frames at passage 3-20. After growth to sub-confluency the cells were probed with a P-protein
specific antibody (Abnova, OCA2, H00004948-M02, 1:100) to show the localization of the
intrinsic expression of OCA2 in ARPE19 cells. Counter staining was performed using an α-tubu-
lin specific antibody (santa Cruz sC-53030, 1:100) and a dopamine directed antibody (Abnova,
PAb14696, 1:100). Immunofluoerscence stining was recoded using an epifluorescence micro-
scope and a confocal laser-scanning microscope. Experiments were performed in triplicate. 

Results: anti-P-ab labeled structures within ARPE19 cells indicated microtubule association. α-
tubulin-ab labeled intracellular structures comparable to those labeled by anti-P-ab. Re -
stricted co-localization of P-protein immunoreactivity (IR) and α-tubulin IR was detected.
dopamine IR co-localized with anti-P-ab IR but showed a different intracellular distribution.

Conclusion: Co-localization of P-protein from intrinsic OCA2 expression and α-tubulin in
ARPE19 cells indicate a function in the distribution of P-protein carrying structures along a
subset of the microtubuli network. l-dOPA is a common intermediate of melanin and
dopamine synthesis and has been considered the neuro-active substance involved in neu-
ronal guidance of the optic nerve. dopamine IR did not label structures showing P-protein IR.
Therefore, involvement of P-protein in dopamine transport seems unlikely.
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Light Induced Structural Changes of Channelrhodopsin-2
monitored by Vibrational Spectroscopy

Eglof Ritter1, Patrick Piwowarski1, Katja Stehfest2, Roman Kazmin1, Peter Hegemann2,3

and Franz J. Bartl1,3

[1] Institut für medizinische Physik und Biophysik, Charité-Universitätsmedizin Berlin,
Charitéplatz 1, 10117 Berlin, Germany
[2] Institut für Biologie, Experimentelle Biophysik, Humboldt-Universität zu Berlin,
Invalidenstrasse 42, 10115 Berlin, Germany
[3] Zentrum für Biophysik und Bioinformatik, Humboldt-Universität zu Berlin,
Invalidenstrasse 42, 10115 Berlin, Germany

Channelrhodopsins (ChRs) are light-gated cation channels – sensory photoreceptors that
mediate phototaxis in green algae. They have become widely used as tools for light-depend-
ent cell depolarization in the field of neuroscience. similar to other rhodopsins, they bear the
chromophore retinylidene covalently linked to a lysine of the opsin apoprotein.  Although sev-
eral photocycle models and reaction schemes have been proposed on the basis of electro-
physiological and spectroscopical data, details of the photoreactions and the light-induced
conformational changes of the protein still remain obscure.

Here we present fTIR (fourier-transform-infrared) and uv-vis spectroscopic investigations and
retinal extraction data of wild type ChR and mutants in which the lifetime of the conducting
state is altered. These mutants can therefore be used to study several photocycle intermedi-
ates that cannot be stabilized in case of the wild type. 

based on the data we propose a model of the photocycle that connects the chromophore iso-
merization state and structural alterations of the protein. furthermore, we show that extend-
ed illumination causes a branching which leads into a sideway that contains new blue-shifted
intermediates. This should be considered when ChR is used as neuroscience tool, especially
under conditions of high light intensities or when long-term illumination is applied. 
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Elucidation of physiological and pathophysiological aspects of
Bestrophin-1, the gene mutated in Best vitelliforme macular dystrophy

Elena Röhrl1, Andrea Milenkovic1, Vladimir Milenkovic2, Pawel Grzmil3 and Bernhard H.F. Weber1

1Institute of Human Genetics, University of Regensburg, Regensburg, Germany; 2Experimental
Ophthalmology, Eye Hospital, University Medical Center Regensburg, Regensburg, Germany;
3Institute of Human Genetics, University of Göttingen, Göttingen, Germany

Background: bestrophin-1 (best1) encodes an integral membrane protein of the retinal pigment
epithelium and is mutated in best vitelliforme macular dystrophy (bvMd), an autosomal dominant
form of macular degeneration with highly variable expressivity and reduced penetrance. The function
of bestrophin-1 and the pathophysiology of the disease are not well understood. We have previously
targeted the murine bestrophin-1 gene and have generated a knock-out mouse deficient in murine
best1 (best1-/-) and a knock-in mouse carrying the bvMd-causing mutation Y227N (best1N/N). Exten-
sive phenotyping and molecular as well as biochemical analyses showed that bestrophin-1 manipula-
tion in the murine retina is well tolerated. Here, we have extended our analyses to the testis, a tissue
with high expression of bestrophin-1 in the mouse.

Methods: RT-PCR was used to investigate bestrophin-1 expression in several tissues across species.
Temporal and spatial expression profiles of bestrophin-1 was established in murine testis with sperm
marker slxl-1, leydig cell marker 17HsdßIII and sertoli cell marker Ptgds. bestrophin-1 protein was
detected by immunhistochemistry in epididymal tissue sections with polyclonal antibodies against
murine bestrophin-1. Isolated epididymal spermatozoa of adult male mice were labeled by immuno-
fluorescence. Initial characterization of fertility was addressed by subjecting isolated spermatozoa to
in vitro capacitation and Ca2+ ionophore triggered acrosome reaction. sperm number and various
parameters of spermatozoa motility were assessed using a computer-assisted semen analysis system.

Results: Crosspecies expression of best1 revealed a dominant expression in human RPE when com-
pared to testis. In contrast, rabbit, rat and particularly mouse revealed a more prominent expression in
testis. Testing developmental stages of murine testis, bestrophin-1 expression was found to greatly
overlap with slxl-1. This suggests that the best1 expression correlates with post-meiotic rebuilding of
germ cell architecture and polarization. labelings of epididymal tissue sections demonstrated a spe-
cific bestrophin-1 staining within the lumen while protein staining of isolated spermatozoa refined
bestrophin-1 localization to the sperm head and the acrosomal region. bestrophin-1 staining was still
observed in capacitated and acrosome-reacted sperms. breeding experiments of best1-/- and best1N/N

males so far give no indication of impaired fertility. 

Conclusion: both RPE cells and spermatozoa are highly polarized cells. High expression and a defined
localization makes the murine sperm a promising tool for further elucidating functional aspects of
normal and mutated bestrophin-1.



67

Investigating the interaction between CACNA1F and retino -
schisin, the protein mutated in X-linked juvenile retinoschisis

Susannah M. Spieker1, Ulrike Friedrich1, Bernhard H. F. Weber1

1Institute of Human Genetics, University of Regensburg, Regensburg, Germany

Background: Mutations in the RS1 gene are known to cause X-linked juvenile retinoschisis
(XlRs), a common form of juvenile macular degeneration in males. The protein encoded by
RS1, termed retinoschisin, is specifically expressed in the retina from where it is secreted to
bind to the photoreceptor inner segment membranes. studies with retinoschisin-deficient
mice show that the protein is essential for maintaining the structural integrity of the retina
(Weber et al., 2002). Its exact function in the retina is still unknown. In 2009, shi et al. described
an interaction between retinoschisin and the l-type voltage-gated calcium channel (l-vGCC)
in chicken, more specifically with the CACNA1d subunit that is mainly expressed in cones. In
the human and murine retina, CACNA1f is the member of the l-vGCC family which is predom-
inantly expressed in photoreceptors and was associated with congenital stationary night
blindness (lodha et al., 2010). The aim of this study was to verify the putative interaction
between retinoschisin and CACNA1f in a murine model of Cacna1F deficiency (Cacna1Fnob2).

Methods: Expression of l-vGCC family members in human and murine retina and other tis-
sues was analyzed by RT-PCR. The interaction of human retinoschisin and CACNA1F was tested
by in vitro assays analyzing the binding of recombinant retinoschisin to HEK293 cells transfect-
ed with human CACNA1F. In addition, the influence of Cacna1F deficiency on RS1 expression
was determined in the Cacna1Fnob2 mouse by quantitative qRT-PCR, RT-PCR and semi-quanti-
tative Western blot analysis. binding of retinoschisin to retinal membranes was compared
between wildtype and Cacna1F deficient retinae. 

Results: Expression analysis of the various CACNA1 subtypes confirms CACNA1F as the most
prominent CACNA1 subtype in the human retina, whereas the murine retina expresses differ-
ent Cacna1 subtypes at comparable intensities. In vitro binding assays with HEK293 cells fail to
show an interaction of human retinoschisin with full-length CACNA1F. Cacna1Fnob2 mice reveal
no influence on retinoschisin expression both on the transcript and protein level. In addition,
the retinal membranes of Cacna1Fnob2 mice exhibit no difference in their binding capacity to
retinoschisin. 

Conclusion: Taken together, our initial data do not support a predominant role of CACNA1F in
anchoring retinoschisin to retinal cell surfaces.
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Clinical Trial with Subretinal Implants and the Current Results

Katarina Stingl, Gernot Hörtdörfer, Karl-Ulrich Bartz-Schmidt, Florian Gekeler, Udo Greppmaier,
Tobias Peters, Barbara Wilhelm, Eberhart Zrenner

Purpose: In hereditary retinal disorders the amount of photoreceptors progressively decrease
leading mostly to blindness with no available therapy. We developed subretinal implants
which can replace the function of the photoreceptors in the end-stage of these diseases.

Methods: In the current clinical trial patients with an end-stage hereditary retinal disease
received a new permanent subretinal Alpha IMs chip (Retina Implant AG) with 1500 pixels, in
the worse eye. The implant is powered wirelessly with a subdermal coil in the retroauricular
region and can be used for the first time outdoors as well as at the patients’ homes.
visual functions to determine the spatial resolution and visual acuity were measured as well as
skills related to activities of daily living both in standardized conditions. Additionally all sub-
jects used the visual implant outdoors as well as in their homes and described their experi-
ences and perceptions.

Results: In most patients the standardized tests showed an increase in visual functions com-
pared to the performance prior to implantation as well as to switched-off implant condition.
The learning curve shows a fast progress in the using of the implant during the first week. The
evaluation of activities of daily living showed significant improvements in discrimination,
localization and identification of objects. spatial resolution up to 0.33 – 0.44 cpd could be
obtained by means of the visual implant. The eye-hand coordination was possible.
While moving freely outdoors or at their homes the patients could distinguish tableware in
restaurants and parts of dishes, facial characteristics of persons (e.g. mouth shape, glasses
etc.). some of them were able to read big letters, recognize objects on the horizon or charac-
teristics of clothes, differentiate shades of grey. Motion perception was reported by seeing a
hand or a pencil moving against a contrasting background, or a swimming white goose in the
nature. 

Conclusions: subretinal electronic implants are able to mediate useful visual functions in
blind patients with hereditary retinal diseases.
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Identification of chemical compounds suitable to improve surface
expression of trafficking deficient mutant CNGA3 channels using
a calcium imaging based bioassay

Joachim Taeger1, Peggy Reuter1, Katja Koeppen2 and Bernd Wissinger1

1 Molecular Genetics Laboratory, Institute for Ophthalmic Research, Centre for Ophthalmology,
University Clinics Tuebingen, Tuebingen, Germany

2 Department of Physiology, Dartmouth Medical School, Hanover, NH, USA

Purpose: CNGA3 and CNGB3 encode for the A3 and b3 subunit of the cone cyclic nucleotide-
gated (CNG) channel, which is a crucial component of the phototransduction cascade. CNG
channels enable the cGMP-dependent influx of sodium and calcium into the cone photore-
ceptor outer segment. Mutations in CNGA3 and CNGB3 are the major cause for achromatopsia,
an autosomal recessively inherited retinal disorder characterized by a strongly impaired or in
many cases complete loss of cone function. several CNGA3 mutations have been shown to
affect protein folding and/or trafficking thus lowering the channel density in the plasma
membrane in heterologous expression systems. following the establishment of a bioassay, we
are performing a medium-throughput screening for chemical and pharmacological chaper-
ones, which may help to overcome the folding/ trafficking deficits of mutant CNG channels.

Methods: HEK293 cells were co-transfected with plasmids encoding for the wild type or
mutant (E228K) CNGA3 channel and pCAeq encoding for apoaequorin. Apoaequorin is the
protein component of aequorin, a calcium sensitive photoprotein. After reconstitution of
aequorin with coelenterazine, calcium binding leads to the oxidation of coelenterazine to coe-
lenteramide, resulting in the emission of light. following transfection, cells were treated for 24
hours with chaperones and the emitted light was recorded before and after the activation of
the CNG channels with 8-br-cGMP.

Results: Cells expressing mutant CNG channels reveal a significant reduction in the lumines-
cence signal compared to cells expressing wild type CNG channels. In a first screening, mutant
channels were treated with 17 different compounds. We were able to detect an increase in the
luminescence signal in the presence of glycerol a known chemical chaperone. Nifedipine, a
blocker of l-type calcium channels was also found to have an effect on protein folding/traf-
ficking indicating its function as pharmacological chaperone.

Conclusion: The established assay has shown to be sensitive and effective and thus is suitable
for the screening of substances which may improve the trafficking/protein folding of mutant
CNG channels. Trafficking deficient channels carrying the mutation E228K were used as an
indicator to show that glycerol and nifedipine in fact improve protein folding/trafficking.
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Multi-modal mapping for photoreceptors imaging in retinitis pig-
mentosa patients with confirmed rhodopsin mutations

E. Tröger1, S. Hipp1, I. Sliesoraityte1, E. Zrenner1

1Institute for Ophthalmic Research, Centre for Ophthalmology, University Eye Hospital Tuebingen,
Germany

Purpose: Morphological alterations affecting the photoreceptor layer are commonly observed in
retinitis pigmentosa patients. Recently available high resolution retinal imaging modalities allow to
precisely observe disease severity, to overlap several imaging modalities, and to highlight areas
with photoreceptor preservation in vivo. The aim of this study is to apply a multi-modal mapping
approach for analyzing structural information of the outer retina acquired by optical coherence
tomography (OCT) and autofluorescence imaging in retinitis pigmentosa patients with confirmed
rhodopsin mutations.

Methods: Nine patients (8 males; 1 female) with confirmed rhodopsin mutations were prospective-
ly included into the study. The mean age was 47.66±15.5 years. High-resolution spectral domain
OCT (24-48 b-scans per OCT scan) was used for retina cross-sectional structural imaging. Custom
mapping software (MultiModalMapper) with novel mapping modes was used for the segmentation
and registration two retinal image modalities. The area of the preserved photoreceptor layer was
segmented for each b-scan by an experienced mapper. A two-dimensional thickness profile show-
ing the area with preserved photoreceptors was reconstructed. The area was only reconstructed
between two neighboring b-scans at a specific horizontal position if both b-scans showed preser-
vation at this horizontal position. The reconstructed area was mapped on the segmented hypofluo-
rescence ring area. The mean area of the overlapping portion of the hypofluorescence ring and the
preserved photoreceptors was calculated for the whole cohort and individually.

Results: The mean area sizes were 3,081±3,229mm² and 2,176±2,275mm² for the hypofluores-
cence ring and the preserved photoreceptor layer, respectively (p>0.05). The mean overlapping
portion of both areas was 0.74±0.17, whereas the hypofluorescence area was totally (100%) cov-
ered by the preserved photoreceptor area in each case. The actual overlapping portion can be
expected to be larger, since the reconstructed area with preserved photoreceptors is clipped at its
borders, especially when the overall number of b-scans is small and the distance between neigh-
bouring b-scans is large. 

Conclusion: Multi-modal mapping provides useful and significant information about the localiza-
tion of areas with preserved photoreceptors in retinitis pigmentosa patients with confirmed
rhodopsin mutations. The novel multi-modal analysis tool provides precise retinal structure analysis
for inherited retinal degenerations and has the potential to be applied in clinical trials as additional
quantitative and qualitative tool.
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Interaction of Rab27A and the calcium channel subunit Cav1.3

in the RPE 

Andrea Wagner, Shimpei Ishiyama, Vladimir M. Milenkovic, Miguel C. Seabra, Olaf Strauß

Experimental Ophthalmology, University Medical Center Regensburg 

Rab27A is a small GTPase in the retinal pigment epithelium (RPE), regulated by REP1. REP1
mutations cause choroideremia, a rare X-chromosomal recessive disease leading to blindness.
Observations in a conditional knockout mouse model indicate that the disease starts with a
loss of function of the RPE, whose secretion is important for the normal structure of the
choroid. Rab27A is known to play important roles in secretion processes. As the pore-forming
subunit of the voltage-dependent calcium channel of the RPE, Cav1.3, has an essential func-
tion in secretion, too, we were interested, whether there could be an interaction between
both proteins. Therefore, we performed immunoprecipitation and immunocytochemistry
experiments in HEK293- and CHO-K1- cells as expression system for Ca2+-channel subunits
and Rab27A. Co-precipitation of Cav1.3 and Rab27A indicates possible direct interaction of
these two proteins. There is no co-precipitation between the auxiliary calcium-channel sub-
unit ß3 and Rab27A. That Cav1.3, ß3-subunit and Rab27A can form complexes was shown by
indirect co-immunoprecipitation of ß3 and Rab27A. These results were supported by immuno-
cytochemical staining, where co-localization of Cav1.3, ß3 and Rab27A in the plasma mem-
brane could be shown. To identify a binding domain between Cav1.3 and Rab27A, we ana-
lyzed sequence homologies within Cav1.3, and could detect a domain in the intracellular loop
between homologous repeats II and III of Cav1.3, homologous to MyRIP (myosin vIIa/ Rab27A
interacting protein). We examined the interaction between Rab27A and the Cav1.3-MyRIP-
mutant, which lacks that Rab27A binding domain. Here we found that there is no binding of
Rab27A to the Cav1.3-mutant. since there is a normal binding of the Cav1.3-MyRIP-mutant
with the calcium-channel-subunit ß3, a specific loss of function effect is confirmed. Immuno-
cytochemical staining of the mutant showed that there is still a good co-localization of the
Cav1.3-MyRIP-mutant and ß3, whereas there is almost no co-localization with Rab27A any-
more. The mutant does not go to the membrane as good as the wild type Cav1.3. In conclusion
we showed in heterologous expression system that Rab27A and Cav1.3 bind to each other. We
could detect the binding region on Cav1.3, which is homologous to the Rab27A-binding
domain of MyRIP. As there is a physical binding between these two proteins, it is likely that
Rab27A influences the activity of Cav1.3 and therefore the secretory activity of the RPE.  
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CRX, NRL, and FIZ1 control retina-specific expression of Fam161a,
the mouse ortholog of the human RP28 gene

Wamack M1, Karlstetter M1, Walczak Y1, Stöhr H1, Swaroop A2, Mitton KP3, Langmann T1

1 Institute of Human Genetics, Regensburg, Germany
2 Neurobiology–Neurodegeneration and Repair Laboratory, National Eye Institute, Bethesda, USA
3 Eye Research Institute, Oakland University, Rochester, USA

Purpose: Retinitis pigmentosa (RP) describes a group of inherited retinal diseases leading to
progressive vision loss. Homozygosity mapping in a consanguineous Indian family assigned the
RP28 locus to chromosome 2p11-15 (Gu et al. J Med Genet 1999). CRX chromatin-immunopre-
cipitation coupled to parallel sequencing (ChIP-seq) (Corbo et al. Genome Research 2010) and
targeted resequencing of the locus identified nonsense mutations in the FAM161A gene (lang-
mann et al. American Journal of Human Genetics 2010). Fam161a is an uncharacterized gene
and here we studied its transcriptional regulation in the mouse retina.

Methods: CRX-, NRl-, fIZ1, and RNA-Pol-II-directed ChIP from adult mouse retinas were per-
formed to demonstrate in vivo binding of these proteins to the Fam161a locus. Transcription fac-
tor bound cis-regulatory regions were fused to dsRed reporter vectors and in vitro electropora-
tions of explanted living mouse retinas were carried out. After eight days in culture, flat mounts
and retinal sections were analyzed by fluorescence microscopy.

Results: Independent large-scale datasets from ChIP-seq, ChIP-Chip, and ChIP-PCR revealed in
vivo binding of CRX, NRl, and fIZ1 to the promoter and first intron of Fam161a in adult mouse
retinas. Co-occupancy of these genomic regions with RNA-Polymerase II demonstrates a permis-
sive chromatin conformation required for high level transcription. In vitro electroporations of
mouse retinas with dsRed reporter plasmids detected a phylogenetically conserved CRX-bound
region in intron 1 that acts as a strong retina-specific enhancer in explanted retinas.

Conclusion: The retina-specific expression of Fam161a depends on a CRX-bound region in the
first intron, whereas its spatiotemporal expression may be controlled by interactions of CRX,
NRl, and fIZ1 at the promoter region.
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Establishing and characterizing a light lesion paradigm to study
retina regeneration in adult zebrafish 

Anke Weber, Sarah Hochmann and Michael Brand

Biotechnology Center (BIOTEC) and Center for Regenerative Therapies Dresden CRTD, TU Dresden,
Dresden, Germany. michael.brand@biotec.tu-dresden.de

Purpose: loss of photoreceptor cells is a common symptom in hereditary and age related
human eye diseases. In contrast, Zebrafish is capable of regenerating the whole retina after
injury and therefore serves as an important model organism to understand the principles of
regeneration. light lesions cause extensive cell death in the photoreceptor cell layer and trig-
ger a special photoreceptor regeneration response that we want to study in further detail. We
characterized and compared two different lesion paradigms, the previously described method
by bernardos and colleagues and our own approach. 

Methods: The light lesion method previously described by bernardos et. al. was slightly mod-
ified and will be referred to as direct illumination. Our own light lesion paradigm employs a
microscope to direct the light on one eye of an anaesthetized fish leaving the other eye as a
control and will be called indirect illumination. All fish have been dark adapted for 5 days and
were exposed to intense white light for 30 minutes. 

Results: The exposure of zebrafish retinas to intense focused light using indirect illumination
causes a small lesion in the central part of the retina, anterior to the optic nerve head. Trans-
genic fish expressing GfP in rods or uv cones as well as immunohistochemistry show that
photoreceptors die in a distinct area. furthermore, we show that cones are more sensitive to
intense light treatment than rods. Cell death initiates within 12 hours post lesion (hpl) and
proceeds until 24 hpl. Proliferation of cells in all layers begins within the first 24 hpl and peaks
at 3 days post lesion. Regeneration after indirect illumination completes within 28 days. These
observations are confirmed in the direct illumination approach.

Conclusions: The light lesion paradigms induce cell death selectively in the photoreceptors of
the zebrafish retina. The new approach using indirect illumination is as reliable as the direct
illumination approach and has additional advantages. We will use this model to understand
the role of fgf signalling in the regenerating retina by interfering with the fgf pathway after
inducing a lesion. furthermore we hope to elucidate the molecular mechanisms of regenera-
tion in more detail by the help of transgenic lines.
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High-throughput mutation screening in patients with retinal
dystrophies and optic nerve degenerations 

Weisschuh N1, Wissinger B1, Scheurenbrand T2, Kohl S1, Biskup S2, Boehm D2

1Molecular Genetics Laboratory, Institute for Ophthalmic Research, Centre for Ophthalmology,
University Clinics Tübingen, Germany

2 CeGaT GmbH, Tübingen, Germany

Objective: Retinal dystrophies (Rds) and optic nerve degenerations (ONds) are the most severe
hereditary eye diseases in terms of visual function loss and lack of treatment. They are character-
ized by a high degree of genetic heterogeneity: currently more than 180 genes are implicated in
Rds and ONds. The genetic heterogeneity in these diseases remains a great challenge for dNA
diagnostics. Conventional sanger sequencing is both laborious and expensive and more effi-
cient approaches in microarray formats are only available for a subset of genes/mutations (i.e.
Asper chips). Moreover, only 50% of cases are explained by mutations in those genes that are
known to date.
Our aim is to improve mutation screening in Rds and ONds by developing a fast and cost-effi-
cient targeted resequencing approach to screen for all known Rd- and ONd-associated genes
simultaneously.

Methods: Enrichment of genomic dNA is performed for the coding and flanking intronic/uTR
sequences of 190 genes involved in Rds and ONds (sureselect in solution by Agilent). sequenc-
ing is performed using barcoded libraries on the sOlid 4 platform (life Technologies). A diag-
nostic pipeline was developed that enables identification of (i) regions with sufficient coverage
(>20), (ii) potentially pathogenic single nucleotide variants (sNvs), (iii) small indels and (iv) large
indels including whole exon deletions and duplications. All variants and indels are verified by
sanger sequencing or quantitative PCR, respectively. both gene list and enrichment design are
updated, extended and balanced with each round of ordering of the Agilent sureselect in solu-
tion kit.

Results: up to know we have processed 48 samples by this method. The relative coverage of tar-
geted regions was sufficient to perform sNv and indel calling in all cases. different types of
mutations including sNvs as well as copy number variations were detected in so far unsolved
cases.

Conclusion: We have successfully established a high-throughput sequencing platform for in-
depth parallel mutation screening of known Rd and ONd genes. We have developed a data
analysis pipeline that not only identifies single nucleotide variants but also small indel muta-
tions as well as larger copy number variants based on relative coverage ratios.
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Read-through of a nonsense mutation as a treatment option for
Usher type 1C

Tobias Goldmann1, Nora Overlack1, Fabian Möller1, Igor Nudelman2, Timor Baasov2, Kerstin
Nagel-Wolfrum1, and Uwe Wolfrum1 

1 Cell & Matrix Biol., Inst. of Zoology, Johannes Gutenberg University of Mainz, Germany
2 Edith and Joseph Fischer Enzyme Inhibitors Laboratory, Schulich Faculty of Chemistry, 

Technion-Israel Institute of Technology, Haifa, Israel

Purpose: The usher syndrome (usH) is the most frequent cause of inherited combined deaf-blindness.
It is clinically and genetically heterogeneous, assigned to three clinical usH types of which the most
severe type is usH1. The USH1C gene encodes the PdZ domains containing scaffold protein harmonin
which is expressed in form of numerous alternatively spliced variants. Hamonin binds directly to all
usH1 und usH2 proteins and is a key organizer the usH protein networks. so far no effective treatment
for the ophthalmic component of usH exists. Aminoglycosides are known to facilitate read-through of
nonsense mutations, but their clinical use is limited due to their toxicity. synthetic redesign of a clinical
approved aminoglycoside to reduce toxic side-effects resulted in Nb30 and Nb54. In addition, PTC124
is a new promising compound for translational read-through of nonsense mutations leading to a pre-
mature termination stop. It is currently gauged in clinical phase II for nonsense mutations in non-ocular
diseases. Here we compared the potential of PTC124, Nb30 and Nb54 in comparison as a treatment
option for patients carrying a nonsense mutation in the USH1C gene (p.R31X).

Methods: Read-through was validated in cell culture, in retinal explants and in vivo. Restoration of scaf-
fold function of the usH1C protein harmonin was tested in GsT-pull downs and by co-staining. bio-
compatibility was determined in murine and human retinal explants by TuNEl-assays. 

Results: We demonstrated translational read-through of the p.R31X mutation in USH1C not only in cell
culture and in retinal explants, but also in mice in vivo. Our assays concerning the molecular function of
the restored protein showed that the recovered harmonin expression restored harmonin’s scaffolding
function and f-actin bundling activity in the cell. furthermore, we compared the biocompatibility of
PTC124, Nb30 and Nb54 with the clinically approved read-through inducing aminoglycoside gentam-
icin. In this evaluation, PTC124, Nb30 and Nb54 showed a much better biocompatibility in murine reti-
na cultures and human retinal explants. 

Conclusions: High retinal compatibility of PTC124, Nb30 and Nb54 combined with their transcription-
al read-through efficacy emphasize the high potential of these molecules as therapeutic agents for the
p.R31X nonsense mutation in usH1 as well as in other retinal genetic conditions. 

Supports: dfG, Eu fP7 “sYsCIlIA” and “TREATRusH”, fAuN-stiftung, forschung contra blindheit, foun-
dation fighting blindness
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SFD-associated mutations affect the abundance and protease-
sensitivity of extracellular matrix-bound TIMP3

Frank Zach, Heidi Stöhr

Institute of Human Genetics, Franz-Josef-Strauß-Allee 11, University of Regensburg

Purpose: Mutations in the gene encoding tissue inhibitor of metalloproteinases-3 (TIMP3)
cause sorsby fundus dystrophy (sfd), a late-onset macular degeneration characterized by
choroidal neovascularisation and death of retinal pigment epithelial (RPE) and photoreceptor
cells. The objective of this study was to gain further insight into the mechanism by which
mutant TIMP3 affects extracellular matrix (ECM) degradation and remodeling causing the
thickening of bruch’s membrane in early stage disease. 

Methods: Primary lung fibroblast cells were derived from wild-type (wt), Timp3s156C/+ and
Timp3s156C/s156C mice. De novo ECM production was determined by l-[3H]-proline incorpora-
tion. Human cdNAs of wt-TIMP3 and TIMP3 carrying several sfd-associated as well as sfd-
unrelated mutations were cloned into pCEP4 vector and overexpressed in Hek293 cells. some
of these constructs were also expressed with a C-terminal 5xHis-tag. ECMs of fibroblasts and
transfected Hek293 cells were subjected to proteolytic digestion and the digests were ana-
lyzed by ElIsA and Western blotting.

Results: Mutant s156C-TIMP3 fibroblasts showed a significantly increased ECM production
and TIMP3 accumulation relative to wt-TIMP3 cells. ElIsA and densitometric analysis of West-
ern blots of proteolytic digests revealed that s156C-TIMP3 from fibroblast ECM and most of
the recombinant ECM-bound mutant TIMP3 molecules showed a significantly increased sensi-
tivity to trypsin digestion whereas s156M-TIMP3 and H158R-TIMP3 exhibited a moderate dif-
ference in trypsin sensitivity when compared to wt-TIMP3. No difference in elastase, hepari-
nase III and chondroitinase AbC sensitivity was observed between ECM-bound mutant and
wt-TIMP3.

Conclusions: The accumulation of TIMP3 and extracellular material in cultured cells express-
ing mutant TIMP3 resembles in vivo observations in sfd eyes. Increased trypsin sensitivity of
ECM-bound mutant TIMP3 suggests a different conformation of these molecules that may
prevent or induce interaction of TIMP3 with putative partners in the ECM. Alternatively,
altered ECM composition may affect trypsin sensitivity of TIMP3.
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Cone-rod dystrophy associated with amelogenesis imperfecta in
a child with neurofibromatosis type 1

1Ditta Zobor, 3Dieter H. Kaufmann, 1Petra Weckerle, 2Bernd Wissinger, 1Helmut Wilhelm, 2Susanne Kohl

1 Centre for Ophthalmology, University of Tübingen, Germany
2 Molecular Genetics Laboratory, Institute for Ophthalmic Research, University of Tübingen, Germany
3 Institute of Human Genetics, University of Ulm, Germany

Purpose: To report a case of a 9-year-old child with neurofibromatosis type 1 (Nf1) and Jalili
syn drome, the latter denoting a rare combination of cone-rod dystrophy and
amelogenesis imperfecta.

Methods: detailed ophthalmological and electrophysiological examinations were carried out
and blood samples were taken from the patient and her father for molecular genetic analysis
by direct dNA sequencing of the Nf1 and the ancient conserved domain protein 4 (CNNM4)
gene.

Results: The diagnosis of neurofibromatosis type 1 (Nf1) could be confirmed clinically and
genetically. furthermore, cone-rod dystrophy and amelogenesis imperfecta could be ob -
served as typical features of a rare condition, acknowledged as Jalili syndrome. The diagnosis
was assured on the basis of clinical examinations and molecular genetic analysis of the
CNNM4 gene, which was previously shown to cause Jalili syndrome.

Conclusion: Our case shows a unique combination of Nf1 and Jalili syndrome. The random
association of two diseases is unusual and deserves attention. This case highlights the impor-
tance not only of detailed clinical examination, but also of molecular genetic analysis, which
together provide a precise diagnosis.
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