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North Carolina macular dystrophy is caused by a novel
duplication leading to an upregulation of PRDM13 transcription
factor
Gael Manes1, 4, Willy Joly1, Thomas Guignard2, Béatrice Bocquet1,
Patrick Carroll1, David Geneviève2, Bernard Puech3,
Christian P. Hamel1, 2, Isabelle Meunier2, 1. 1Institute for
neurosciences of Montpellier, INSERM, Montpellier, France; 2CHU
Montpellier, Génétique médicale clinique, Montpellier, France;
3
CNRS FRE 2726, Laboratoire Neurosciences Fonctionnelles et
Pathologies, Hospital Roger Salengro, Lille, France; 4University of
Montpellier, Montpellier, France.
Purpose: To determine the mutation in two families with autosomal
dominant North Carolina macular dystrophy (NCMD).
Methods: Microsatellite markers for the MCDR1 locus on
chromosome 6q14-q16.2 were used to genotype two large families
with NCMD. Then, whole genome next-generation sequencing was
performed for 11 members of the two families. The overexpression of
CCNC and PRDM13 orthologues were tested specifically in the eye
of Drosophila melanogaster.
Results: The same 98.4 kb novel tandem duplication was identified
in the two families and confirmed using Sanger sequencing.
The duplication contained two entire contiguous genes CCNC
and PRDM13, and cosegregated with the disease phenotype. In
Drosophila, overexpression of CCNC orthologue had no effect
whereas the overexpression of PRDM13 orthologue strongly affected
the eye-antennal disc development.
Conclusions: We identified a novel causative mutation, a tandem
duplication, in two independent families with NCMD. The
duplication encompasses two entire genes, CCNC and PRDM13.
Overexpression of PRDM13 but not CCNC in Drosophila leads to an
almost complete loss of the imaginal eye-antennal disc, suggesting
that the upregulation of the transcription factor PRDM13 is the cause
of NCMD.
Commercial Relationships: Gael Manes, None; Willy Joly,
None; Thomas Guignard, None; Béatrice Bocquet, None;
Patrick Carroll, None; David Geneviève, None; Bernard Puech,
None; Christian P. Hamel, None; Isabelle Meunier, None
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Identification of Two Potentially Novel Mutations in X-linked
Juvenile Retinoschisis
Jun Kong1, 2, Wei Sun1, Tingyu Yan1, Xinxin Zhang1, Na Yang1,
Neil Bressler2. 1China Medical University, Shenyang, China; 2Retina
Division, Wilmer Eye Institute, JHH, Bailtimore, MD.
Purpose: X-linked retinoschisis (XLRS), also known as X-linked
juvenile retinoschisis, is one of the leading causes of macular
degeneration in male children. Here, we report two potentially novel
mutations in two Chinese pedigrees with XLRS and attempt to link
the phenotypes with corresponding genotypes.
Methods: A total of fourteen participants in these two XLRS
pedigrees were analyzed. Standard ophthalmic examinations were
performed, including visual acuity, fundus examination and optical
coherence tomography (OCT). Gene sequencing was conducted for
all the family members, and the mutation sites were located. Protein

construction prediction was performed. According to the results,
we constructed vectors and built the huh7 cell line to express RS1
(Retinoschisin 1) with FLAG tag in wild type and mutant. Western
blotting and nondenaturing gel electrophoresis were used to analyze
the structure and expression of mutant RS1 protein.
Results: The clinical results illustrated that severity and width of the
retinoschisis OCT of the propositus from family 1 was more severe
[NB1] than those of the propositus in family 2. By direct sequencing
of the RS1 gene, one missense mutation (c.599G>C) in exon 6 of
RS1 gene was identified in family 1. Another frameshift mutation
(c.549delC) in exon6 of RS1 gene was identified in family 2. To
our knowledge, the two mutants have not been reported previously
following a review of Human Gene Mutation Database. The results
of protein construction prediction identified that the gene mutation in
family 1 did not change the conformation of RS1 protein, while the
gene mutation in family 2 caused depolymerization of the structure of
the octomer which may influence retinoschisin’s function.
Conclusions: We identified two potentially novel RS1 mutations
in two Chinese pedigrees and evaluated the spatial conformation
changes of the RS protein induced by the mutations. This finding
expands the RS1 mutation spectrum and may help to further
understand the molecular pathogenesis of XLRS and to predict the
level of severity of XLRS by identifying the mutation sites.
Commercial Relationships: Jun Kong, None; Wei Sun, None;
Tingyu Yan, None; Xinxin Zhang, None; Na Yang, None;
Neil Bressler, None
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GUCA1A mutation causes maculopathy in a five-generation
family with a large spectrum of severity
Xue Chen1, Xunlun Sheng2, Wenjuan Zhuang1, Biao Yan3, Chen Zhao1.
1
Ophthalmology, The First Affiliated Hospital of Nanjing Medical
University, Nanjing, China; 2Ophthalmology, Ningxia Eye Hospital,
Yinchuan, China; 3Research Center, Eye & ENT Hospital, Shanghai,
China.
Purpose: To investigate the genetic basis and pathogenic mechanism
for a five-generation family affected with variable maculopathies
ranging from mild photoreceptor degeneration to central areolar
choroidal dystrophy (CACD).
Methods: Clinical characterizations, whole exome sequencing and
genome-wide linkage analysis were applied on the family. Zebrafish
models were used to investigate the pathogenesis of GUCA1A
mutations.
Results: A novel mutation, GUCA1A p.R120L, was identified in
the family and predicted to alter the tertiary structure of GCAP1, a
photoreceptor-expressed protein encoded by the GUCA1A gene. The
mutation was shown in zebrafish to cause significant disruptions in
photoreceptors and retinal pigment epithelium (RPE), together with
atrophies of retinal vessels and choroicapillaris. Those phenotypes
could not be fully rescued by exogenous wild type GUCA1A,
suggesting a likely gain-of-function mechanism for p.R120L.
GUCA1A p.D100E, another mutation previously implicated in cone
dystrophy, also impaired RPE and photoreceptors in zebrafish, but
likely via a dominant negative effect.
Conclusions: We conclude that GUCA1A mutations could cause
significant variability of maculopathies, including CACD, which
represents a severe pattern of maculopathy. The diverse pathogenic
modes of GUCA1A mutations may explain the phenotypic diversities.

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to
access the versions of record.

ARVO 2017 Annual Meeting Abstracts

(A) Pedigree of family DC and haplotype reconstruction for the
mapped region on chromosome 6 in family DC. (B-Q) Fundus
photography, fundus autofluorescence (FAF), fundus fluorescein
angiography (FFA), and optical coherence tomography (OCT)
presentations for patients with different grades of maculopathy,
including grade I (B-E), grade II (F-I), grade III (J-M), and grade IV
(N-Q). (R-U) ERG presentations for patients representing different
severities of maculopathy, including grade I (R), grade II (S), grade
III (T), and grade IV (U).

(A-F) Morphological changes caused by GUCA1A p.R120L.
Thickness of the RPE, shrinking, twisty and caduceus photoreceptor
outer segments, and chorocapillary disruptions are found in the
GUCA1Ap.R120L injected group. (G-T) Impairments in photoreceptors
(G-J, N-P), RPE (K-M, Q), and ocular vasculature (R-T) induced by
GUCA1A p.R120L in zebrafish. (U-Z) Photoreceptor (U-W) and RPE
(X-Z) defects caused by GUCA1A p.D100E in zebrafish.
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Genomic and functional approaches in identification of retinal
disease genes and new insights to centrosome and cilia biology in
the retina
Amin Sabri1, Benjamin Nash1, 2, Anson Cheng1, 4, Rebecca Greenlees1,
Bruce Bennetts2, 3, John R. Grigg1, 4, Robyn Jamieson1, 2. 1Eye
Genetics Research Unit, Children’s Medical Research Institute,
University of Sydney, Sydney, NSW, Australia; 2Discipline of Genetic
Medicine, Children’s Hospital at Westmead Clinical School, Sydney
Medical School, University of Sydney, Sydney, NSW, Australia;
3
Sydney Genome Diagnostics, Western Sydney Genetics Program,
Sydney Children’s Hospital Network, Sydney, NSW, Australia; 4Save
Sight Institute, University of Sydney, Sydney, NSW, Australia.
Purpose: Retinal dystrophy (RD) is a significant cause of vision
loss. Many of the underlying disease genes and their functions are
not known. We are using genomic approaches to identify variants in
known disease genes, followed by strategies for novel disease gene
identification where required. Our purpose is to provide molecular
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diagnoses for affected individuals, as well new insights to retinal and
cell biology.
Methods: We applied Trusight One Clinical Exome capture (Illumina
Inc CA USA), followed by sequencing on the Illumina HiSeq2500.
Further genomic investigation was undertaken for known and novel
disease gene identification. Variants in known and candidate RD
genes were filtered and prioritized in 50 sporadic and familial RD
patients. Expression studies were performed in mouse tissues and
human cell lines. Functional studies were performed in mutant and
control human fibroblasts, and transfected ARPE-19 and HeLa cells.
Results: Pathogenic and likely pathogenic variants were detected
in over 70% of our RD cohort. Clear-cut causative variants were
identified in the majority of cases, and results also included
unexpected findings in CHM, and combinations with variants in
more than one RD gene, including EYS and RP1, requiring detailed
phenotypic and segregation analysis. We identified a novel retinal
disease gene which our analysis implicates in centrosome and cilia
biology. Expression analyses showed presence of the encoded
protein of this gene in the retinal pigmented epithelium and inner
segments of the photoreceptors. Cell-based assays revealed its
localization in centrosomes during interphase, and the basal body of
the primary cilium in non-dividing cells. Immunocytochemistry on
skin fibroblasts revealed a higher percentage of cells with abnormal
numbers of centrosomes in affected individuals. In HeLa cells
transfected with the mutant construct, there were a higher number of
multinucleated cells, further suggesting abnormality of centrosome
and cell cycle biology.
Conclusions: Genomic investigation is valuable in RD and this study
highlights benefits of genetic and phenotypic multidisciplinary review
for accurate diagnosis. Our genomic and functional work has also
led to new knowledge with implications for regulation of centrosome
biology and impact on the cell cycle and ciliary function in the retina.
Commercial Relationships: Amin Sabri, None; Benjamin Nash,
None; Anson Cheng, None; Rebecca Greenlees, None;
Bruce Bennetts, None; John R. Grigg, None; Robyn Jamieson,
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A mutation in VPS15 (PIK3R4) affects IFT20 cilia trafficking and
causes a ciliopathy with early onset retinitis pigmentosa
Helene J. Dollfus1, 2, Corinne Stoetzel1, Séverine Bär3,
Philippe Hammann4, Christelle Etard5, Sylvie Friant3. 1Medical
genetics Laboratory, INSERM Université de Strasbourg,
STRASBOURG, France; 2CARGO - Filière SENSGENE, Hôpitaux
Universitaires de Strasbourg, Strasbourg, France; 3Department
of Molecular and Cellular Genetics, UMR7156, Centre National
de Recherche Scientifique (CNRS), Université de Strasbourg,
Strasbourg, France; 4FRC1589, Institut de Biologie Moléculaire et
Cellulaire (IBMC), Plateforme Protéomique Strasbourg - Esplanade,
Strasbourg, France; 5Institut fur Toxikologie und Genetik, Campus
Nord, Karlsruher Institut fur Technologie, KARLSRUHE, Germany.
Purpose: Ciliopathies are a group of rare inherited diseases that
affect the kidney and the retina among other organs. A family
presented with 3 affected sibs with the following manifestations:
early onset retinitis pigmentosa and kidney dysfunction with
ultimately renal failure. We aimed to identify the gene responsible
for this ciliopathy phenotype by way of Whole Exome Sequencing
(WES) strategy and in vitro and in vivo functional validation assays .
Methods: Homozygosity mapping and ciliopathy panel gene
testing and then Whole Exome Sequencing (WES) were performed.
Filtering based on an autosomal recessive inheritance ended with

a unique candidate gene. As the family was the only one known to
carry a possible pathogenic variant in our cohort as well as for other
ciliopathy cohorts, functional assays were performed and included:
the study of the cilia biogenesis in the patients fibroblasts, antisense
morpholino injection in zebrafish, analysis of the yeast heretologous
expression of the candidate variant. Finally, co-immunopreciptation
and Mass spectrometry were performed to identify relevant partners.
Results: We have identified a missense mutation in PIK3R4
(phosphoinositide 3-kinase regulatory subunit 4, named VPS15)
in a family with a ciliopathy phenotype with early onset retinitis
pigmentosa. Besides being required for trafficking and autophagy,
we show that VPS15 regulates primary cilium length in human
fibroblasts, as well as ciliary processes in zebrafish. Furthermore, we
demonstrate its interaction with the golgin GM130 and its localisation
to the Golgi. The VPS15-R998Q patient mutation impairs Golgi
trafficking functions in humanized yeast cells. Moreover in VPS15R998Q patient fibroblasts the intraflagellar transport protein IFT20
is not localised to vesicles trafficking to the cilium but restricted to
the Golgi. Our findings suggest that at the Golgi, VPS15 and GM130
form a new protein complex devoid of VPS34 to ensure the IFT20dependent sorting and transport of membrane proteins from the cisGolgi to the primary cilium.
Conclusions: PIK3R4 (phosphoinositide 3-kinase regulatory subunit
4, named VPS15) is demonstrated to be responsible of the ciliopathy
phenotype for the 3 patients carrying an homozygous R998Q variant.
We show that VPS15 has a novel role in the IFT-20 dependant golgi
to cilium vesicular transport.
Commercial Relationships: Helene J. Dollfus, None;
Corinne Stoetzel, None; Séverine Bär, None; Philippe Hammann,
None; Christelle Etard, None; Sylvie Friant, None
Support: CREGEMES, RETINA FRANCE, FORMICOEUR,
INSERM, CNRS, IDEX UNIVERSITE DE STRASBOURG, ANR
and AFM-TELETHON
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Characterization and Treatment of RPGR-associated
Photoreceptor Disease
Joseph C. Giacalone, Luke A. Wiley, Erin R. Burnight,
Jeaneen Andorf, Luan M. Streb, Louisa M. Affatigato,
Cathryn Cranston, Dalyz Ochoa, Robert F. Mullins, Budd Tucker,
Edwin M. Stone. Ophthalmology & Visual Sciences, Stephen A.
Wynn Institute for Vision Research, Iowa City, IA.
Purpose: Two major transcripts of RPGR exist: 1) a widely
expressed form that contains 19 exons and 2) a retinal-predominant
transcript that contains a unique purine rich, repetitive 3-prime
sequence in exon 15. Interestingly, mutations in RPGR can lead
to a predominant dysfunction of rod or cone photoreceptors in
different individuals. The purpose of this study was to investigate the
frequency, mutation spectrum and phenotypes of RPGR-associated
disease and to develop a CRISPR-based genome editing strategy
suitable for correcting any RPGR mutation regardless of location.
Methods: Over 1000 consecutive families seen by a single retina
specialist between January 2010 and June 2016 were reviewed and
500 probands met the clinical criteria for a diagnosis of inherited
nonsyndromic photoreceptor disease. Mutations in RPGR were
sought in this cohort using a tiered testing strategy consisting of
direct Sanger sequencing of PCR products, Sanger sequencing
of cloned PCR products, exome sequencing and whole genome
sequencing. Using iPSCs generated from patients selected from this
cohort, a CRISPR-based genome-editing strategy was developed
to achieve genomic correction of mutations anywhere in the gene,
including the most commonly mutated exon 15.
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Results: Mutations in RPGR were found in 49 of the 500 families
(9.8%), making this gene the most common cause of disease in this
cohort. The phenotypes ranged from retinitis pigmentosa diagnosed
in the first five years of life to a cone selective disease that did not
come to medical attention until the fourth decade. Most families
exhibited clear X-linked inheritance, but in a few families, the carrier
females were as severely affected as the males, mimicking autosomal
dominant disease. 37 different mutations were identified, 17 of which
were novel. Twenty-three mutations were found in the repetitive
portion of exon 15 and required plasmid cloning to identify. Genomeediting strategies were developed to efficiently correct unique
mutations in 7 patient lines.
Conclusions: Mutations in RPGR are the most common cause of
nonsyndromic photoreceptor disease and 46.9% of these mutations
occur in the highly repetitive portion of exon 15 which cannot be
easily detected. Technological progress in genome-editing enables
efficient correction of patient cells for the purpose of autologous cell
replacement.
Commercial Relationships: Joseph C. Giacalone, None;
Luke A. Wiley, None; Erin R. Burnight, None; Jeaneen Andorf,
None; Luan M. Streb, None; Louisa M. Affatigato, None;
Cathryn Cranston, None; Dalyz Ochoa, None; Robert F. Mullins,
None; Budd Tucker, None; Edwin M. Stone, None
Support: Research to Prevent Blindness/International Retinal
Research Foundation (RPB/IRRF Catalyst Award, BAT), Stephen A.
Wynn Professorship in Regenerative Ophthalmology (BAT), Stephen
A. Wynn Foundation
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Genetic deletion of M-opsin prevents “M-cone” degeneration in a
mouse model of Leber congenital amaurosis
HUI XU1, 2, Nduka Enemchukwu2, Yingbin Fu1, 2. 1Interdepartmental
program in Neuroscience, University of Utah, Salt Lake City,
UT; 2Department of Ophthalmology, Baylor College of Medicine,
Houston, TX.
Purpose: Mutations in either RPE65 or lecithin-retinol
acyltransferase (LRAT) disrupt 11-cis-retinal recycling and
cause Leber congenital amaurosis (LCA), the most severe retinal
dystrophy in early childhood. In two compatible murine LCA models
(Lrat–/– and Rpe65–/–), common pathologic features include: 1)
mislocalization of both M- and S-opsins; 2) M-opsin was degraded
whereas S-opsin accumulated; 3) S-opsin enriched ventral/central
cones degenerate more rapidly than M-opsin enriched dorsal cones.
We have shown previously in Lrat–/– model that S-opsin accumulates
and aggregates in cones leading to rapid degeneration of ventral/
central cones. The objective here is to investigate the mechanism of
dorsal cone (“M-cone”) degeneration in a LCA mouse model. Our
hypothesis is that M-opsin degradation associated proteasome stress
is involved in “M-cone” degeneration.
Methods: We first generated M-opsin (Opn1mw) knockout mice by
CRISPR/Cas9. Since cones degenerate rapidly in Lrat–/– mice in the
presence of S-opsin (Opn1sw), we bred Opn1mw–/– mice into the
Lrat–/–Opn1sw–/– (a LCA model to study “M cones”) background to
analyze the preventive effect by M-opsin deletion. The expression
and localization of cone opsins (M- and S-opsin) were detected by
western blot and immunohistochemistry. Cones were labeled with
mouse cone arrestin antibody and counted at 1-, 6-, and 12-month.
Proteasome stress was assessed by the accumulation ubiquitinated
proteins in cones using an anti-ubiquitin antibody.
Results: M-opsin (Opn1mw) was disrupted by 1-bp insertion at
second exon. M-opsin was not detectable in Opn1mw–/– retina
by either western blot or Immunohistochemistry. The number of

dorsal cones was decreased to 73.87% (N=4, P< 0.01) at 6-month
and 54.73% (N=4, P<0.001) at 12-month in Lrat–/–Opn1sw–/– mice
compared with Wild-Type(WT), indicating a slow degeneration of
dorsal cones. In contrast, the number of dorsal cones of Opn1mw–/–
Lrat–/– Opn1sw–/– is similar to that in control Opn1mw–/–Opn1sw–/– and
WT mice (i.e. no degeneration). Ubiquitin labeling shows strong
ubiquitin signal in dorsal cones of Lrat–/– Opn1sw–/– mice, but it was
markedly decreased in dorsal cones of Opn1mw–/–Lrat–/–Opn1sw–/–
mice.
Conclusions: Deletion of M-opsin alleviates proteasome stress
in Lrat–/–Opn1sw–/– mice, suggesting that M-opsin degradation
associated proteasome stress plays a key role in “M-cone”
degeneration in Lrat–/–mice.
Commercial Relationships: HUI XU; Nduka Enemchukwu, None;
Yingbin Fu, None
Support: This work was supported by NIH grants 5R01EY022614,
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Tubby regulates photoreceptor survival via Estrogen-related
receptor beta (Esrrβ)
Nora B. Caberoy1, 2, Peipei Pan1, Arnold Salazar1,
Adrienne Bugayong1, 3, Lorena Samentar1, 3. 1School of Life Sciences,
University of Nevada Las Vegas, Las Vegas, NV; 2Nevada Institute of
Personalized Medicine, University of Nevada Las Vegas, Las Vegas,
NV; 3University of the Philippines in the Visayas, Iloilo, Philippines.
Purpose: Mutation in tubby gene causes adult-onset obesity,
blindness, and hearing loss with unknown mechanisms. We have
previously identified tubby as a MerTK ligand for phagocytosis in
the retinal pigment epithelium and microglial cells. Tubby was also
reported to be involved in GPCR signaling, transport in primary
cilium, and predicted as a transcription factor. In order to delineate
tubby’s pathological mechanisms, we set out to define its interaction
network. Using ORF phage display for protein-protein interactions,
we identified Esrrβ as a putative tubby-binding protein. Esrrβ is
an orphan nuclear hormone receptor homologous to the classical
estrogen receptor but can activate transcription in the absence of
estrogen. Esrrβ is expressed in differentiating and mature mouse rod
photoreceptors and in human retina. This study aims to characterize
interaction of tubby and Esrrβ to elucidate their roles in retinal
homeostasis and disease pathogenesis.
Methods: The binding specificity of tubby to Esrrβ was analyzed
by protein pull-down assay. The interaction of tubby and Esrrβ
was demonstrated in vivo using co-immunoprecipitation and FRET
analyses. Co-localization of tubby and Esrrβ in the retina was
examined through immunohistochemistry. Since tubby was predicted
as a transcription factor, we examined whether it transcriptionally
regulates Esrrβ. Promoter binding and transcriptional activation
assays were done to demonstrate tubby binding and activation of
Esrrβ expression.
Results: Tubby and Esrrβ interact in vitro and in vivo and the
interaction is mediated through tubby N-terminal domain.
Promoter binding and transcriptional activation studies showed that
tubby directly binds to Esrrβ response elements and activates its
transcription.
Conclusions: The results revealed that tubby interacts with Esrrβ
protein and also regulates Esrrβ expression. Previous studies have
shown that Esrrβ is a critical regulator of rod photoreceptor function
and survival. Tubby’s direct regulation of Esrrβ further sheds light
as to why mutation in tubby results to death of photoreceptors that
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leads to retinal degeneration. Tubby was previously implicated as a
membrane-bound, G protein-activated transcription factor with no
reported target gene(s). To our knowledge, this is the first to describe
a gene targeted for tubby regulation.
Commercial Relationships: Nora B. Caberoy, None; Peipei Pan,
None; Arnold Salazar, None; Adrienne Bugayong, None;
Lorena Samentar, None
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Tubby Transcriptionally activates Estrogen Related Receptor
Beta (Esrrβ)
Adrienne S. Bugayong1, 2, Arnold Salazar1, Peipei Pan1,
Nora B. Caberoy1, 3. 1School of Life Sciences, University of Nevada
Las Vegas, Las Vegas, NV; 2University of the Philippines in the
Visayas, Iloilo, Philippines; 3Nevada Institute of Personalized
Medicine, University of Nevada Las Vegas, Las Vegas, NV.
Purpose: A spontaneous mutation in the tubby gene results to
progressive retinal and cochlear degeneration, and adult-onset obesity
in mice. Structural analysis of the tubby C-terminal domain revealed
that tubby may act as a transcription factor, but no gene target for
tubby has been reported. This study aims to identify the genes
regulated by tubby protein to understand how mutation in tubby leads
to its disease phenotypes.
Methods: A list of genes potentially regulated by tubby was obtained
from a limited microarray data. The expression of these genes was
verified in tubby mutant and wildtype mice by quantitative real
time RT-PCR. The promoter regions of these genes were scanned
for potential binding sites for tubby. Furthermore, a biotin-labelled
promoter of each gene was generated by PCR and used for proteinDNA pull down assays. Luciferase assay was performed to confirm
transcriptional activity of tubby in vivo.
Results: Scanning of the promoter regions of genes potentially
regulated by tubby revealed a hallmark sequence called Estrogenrelated Receptor Response Element (ERRE). One of the genes
containing ERRE that was regulated by tubby was Estrogen
related receptor beta (Esrrβ). Esrrβ is an orphan nuclear hormone
receptor that does not bind to estrogen but regulates transcription
by binding to ERRE’s of its target genes. Protein pull-down assays
and electrophoretic mobility shift assays showed that tubby interacts
with Esrrβ ERRE. Tubby was also shown to transcriptionally activate
Esrrβ in vivo.
Conclusions: The results revealed that tubby regulates Esrrβ
expression. Esrrβ is a critical regulator of rod photoreceptor function
and survival by maintaining metabolic homeostasis. Tubby mice
are defective for carbohydrate metabolism. Thus, tubby’s direct
regulation of Esrrβ might be responsible for maintaining metabolic
homeostasis in the retina.
Commercial Relationships: Adrienne S. Bugayong, None;
Arnold Salazar, None; Peipei Pan, None; Nora B. Caberoy, None
Support: NEI K99/R00EY020865
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Tubby interacts with T-cell death associated gene 51 (TDAG51) in
the mouse retina
Lorena Samentar1, 2, Peipei Pan1, Josue Portillo1, Arnold Salazar1,
Nora B. Caberoy1, 3. 1School of Life Sciences, University of Nevada
Las Vegas, Las Vegas, NV; 2University of the Philippines in the
Visayas, Iloilo, Philippines; 3Nevada Institute of Personalized
Medicine, University of Nevada Las Vegas, Las Vegas, NV.

Purpose: Tubby mice with a spontaneous deletion of the C-terminal
44 amino acids exhibit progressive retinal and cochlear degeneration,
and adult-onset obesity with undefined mechanisms. Using Open
Reading Frame (ORF) phage display technology for protein-protein
interactions, we identified TDAG51 (also known as pleckstrin
homology-like domain family A member 1, PHLDA1) as a putative
tubby-binding protein. The purpose of this study is to characterize the
association of tubby with TDAG51 and define their roles in tubbymediated disease pathogenesis.
Methods: TDAG51 was identified as a tubby-binding protein by
ORF phage display. Expression of TDAG51 in mouse eye and
brain was verified by reverse transcription-PCR (RT-PCR). TubbyTDAG51 interaction was independently verified by in-vitro assays,
e.g. co-immunoprecipitation and protein pull-down assays. The in
vivo direct interactions between TDAG51 and tubby protein was
characterized by fluorescence resonance energy transfer (FRET)
analysis.
Results: TDAG51 is expressed in the mouse retina and brain. Protein
pull-down assay demonstrated that it binds specifically to tubby
N-terminal. TDAG51 was first identified as a pro-apoptotic gene in
T-cell receptor-mediated cell death and is used as prognostic marker
for breast cancer diagnosis. Its role in retinal homeostasis is not
well established. Studies on subcellular localization and distribution
of TDAG51 using immunohistochemical methods are currently
underway.
Conclusions: The data revealed that TDAG51 specifically recognizes
tubby N-terminal domain. The Tubby family of proteins are highly
homologous in their C-terminal region, but diverse in the N-terminal
half. Mutations in members of the family result to distinct disease
profiles. Thus, their divergent N-termini may hold a key to elucidate
the molecular mechanisms for different clinical manifestations.
Understanding tubby-TDAG51 interaction will allow us to
understand the role of tubby in retinal cell physiology and disease
pathogenesis.
Commercial Relationships: Lorena Samentar, None;
Peipei Pan, None; Josue Portillo, None; Arnold Salazar, None;
Nora B. Caberoy, None
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Ift172 conditional knockout mice model human IFT172associated retinal degeneration
Priya R. Gupta1, 2, Scott H. Greenwald1, Mihoko Leon1,
Eric A. Pierce1, Kinga M. Bujakowska1. 1Massachusetts Eye and Ear
Infirmary, Boston, MA; 2Weill Cornell Medical College, New York,
NY.
Purpose: Intraflagellar transport (IFT) is thought to be critical for
building and maintaining photoreceptor outer segments, which can be
regarded as specialized sensory cilia. The transition from anterograde
to retrograde IFT in photoreceptor outer segments is believed to
involve the IFT172 protein, and mutations in the IFT172 gene are
associated with phenotypes ranging from isolated retinal degeneration
to severe syndromic ciliopathies. The goal of this study was to create
a mammalian model of IFT172-associated retinal degeneration to
investigate the ocular disease mechanism.
Methods: A rod photoreceptor specific Ift172 knockout mouse
model was created by breeding mice carrying a floxed Ift172 allele
(Ift172tm1.1Rama designated Ift172loxP) with transgenic mice expressing
Cre recombinase under the control of the rhodopsin promoter
(Tg(Rho-icre)1Ck; designated iCre+). Ocular coherence tomography
(OCT) was used to image the retina and electroretinography (ERG)
was used to assess retinal function in mice up to 6 months of age. The
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wild type Ift172 allele is designated Ift172WT, and wild type mice that
do not express Cre recombinase are designated iCre- .
Results: OCT imaging of mice homozygous for the floxed Ift172loxP
allele that also express iCre (Ift172loxP/loxP-iCre+) showed thinning of
the outer nuclear layer (ONL) beginning at 1 month of age (36±6µm)
compared to controls (52±1.5µm). By two months of age, the ONL
of the Ift172loxP/loxP-iCre mice had completely degenerated while
the control ONL remained full thickness (p<0.01). ERGs generated
by Ift172loxP/loxP-iCre+ mice corresponded with OCT data, with
diminished retinal function by 1 month of age, and complete absence
of function by 3 months of age (p<0.01). No significant changes
in OCT or ERG were observed in control mice up to 6 months of
age(Ift172loxP/WT-iCre+, Ift172loxP/WT-iCre-, Ift172WT/WT-iCre-, Ift172WT/
WT
-iCre+, Ift172loxP/loxP-iCre- ). This result is consistent with the
recessive inheritance pattern seen in humans.
Conclusions: Ift172loxP/loxP-iCre+ mice accurately model the rapid
retinal degeneration observed in patients with IFT172-associated
retinal degeneration,. Ift172loxP/loxP-iCre- mice showed no significant
ERG or OCT changes, indicating that the presence of two floxed
alleles alone does not lead to degeneration. This model can be utilized
to gain better understanding IFT172’s role in the maintenance of rod
photoreceptor outer segments.
Commercial Relationships: Priya R. Gupta, None;
Scott H. Greenwald, None; Mihoko Leon, None; Eric A. Pierce,
None; Kinga M. Bujakowska, None
Support: Foundation Fighting Blindness, Research to Prevent
Blindness Medical Student Research Fellowship (PRG), Fight for
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Altered retinal function and eye morphology in mice with
different mutations in the microphthalmia-associated
transcription factor (Mitf)
Thor Eysteinsson1, Andrea García Llorca1, Snaefridur G. Aspelund2,
Margrét H. Ogmundsdóttir3, Eiríkur Steingrímsson3. 1Physiology,
University of Iceland, Reykjavik, Iceland; 2Psychology, University of
Iceland, Reykjavík, Iceland; 3Biochemistry and Molecular Biology,
University of Iceland, Reykjavík, Iceland.
Purpose: Mutations at the mouse microphthalmia-associated
transcription factor locus (Mitf) can cause hypopigmentation,
microphthalmia and blindness. The aim was to analyse the retinal
function and morphology of the eye in mice with four specific Mitf
mutations.
Methods: The following Mitf mutations were examined: Mitfmivga9/+
, Mitfmi-enu122 (398), Mitfmi-wh/+, Mitfmi-wh/mi and wild type (C5BL/6J)
mice as a control. Mice were anaesthetized by an intraperitoneal
injection of 40 mg/kg-1 Ketamine and 4 mg/kg-1 Xylazine. Flash
electroretinography (ERG) from mice with pupils dilated, a corneal
electrode and a reference electrode was used to determine retinal
function. Histological retinal sections were stained with hematoxylin
and eosin.
Results: ERG recordings revealed that only two of the four
mutants had any retinal function. Mitfmi-enu122 (398) and Mitfmi-vga9/+ had
significantly larger photopic b-waves at 1.57 and 1.87 log cd*sec/
m2 than control (p<0.05). No differences were found between the
amplitudes of the scotopic a- and b-waves of the Mitfmi-enu122 (398),
Mitfmi-vga9/+ and control. Histology revealed that the retinas in the
Mitfmi-enu122 (398) and Mitfmi-vga9/+ appear normal and the RPE layer is
thinner in the Mitfmi-enu122 (398), whereas Mitfmi-vga9/+ has a pigmented
choroid. However, the Mitfmi-wh/+ have a profound RPE degeneration
and this layer is missing from the Mitfmi-wh/mi animals. Both mutations

have severe retinal degeneration, lacking the photoreceptor and outer
plexiform layers, and extinguished ERGs.
Conclusions: This study demonstrates that the Mitf gene has an
impact on retinal function, the morphology of the neuroretina and
the RPE in mice to a varying degree, depending on the mutations
involved.
Commercial Relationships: Thor Eysteinsson, None;
Andrea García Llorca, None; Snaefridur G. Aspelund, None;
Margrét H. Ogmundsdóttir, None; Eiríkur Steingrímsson, None
Support: Icelandic Research Council grants and Helga Jonsdottir and
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Fundus appearance and vasculature in microphthalmia
transcription factor (Mitf) mutant mice
Andrea García Llorca1, Sveinn H. Hardarson1,
Margrét H. Ogmundsdóttir2, Eiríkur Steingrímsson2,
Thor Eysteinsson1. 1Physiology, University of Iceland, Reykjavik,
Iceland; 2Biochemistry and Molecular Biology, University of Iceland,
Reykjavík, Iceland.
Purpose: Mutations at the Mitf gene can cause retinal and RPE
dysfunction and degeneration. The four mutations investigated here,
are either spontaneous point mutations, a transgene insertion mutation
or a missense mutation induced by the chemical ENU, with varying
effects on the eyes of the mice. The purpose of this work was to study
the visible changes in the fundus of mice with various mutations in
the Mitf gene.
Methods: The following Mitf mutations were used: Mitfmi-vga9/+,
Mitfmi-enu122 (398), Mitfmi-wh/+, Mitfmi-wh/mi and wild type (C5BL/6J) mice as
a control. The Micron IV rodent imaging system (Phoenix Research
Labs) was used to obtain fundus photographs from mice of 3 months
of age. Both bright-field and fluorescence images were acquired.
Fluorescein sodium salt 98.5-100.5% (100mg/mL) diluted with
distilled water (final concentration 50mg/mL) was administered by an
intraperitoneal injection (150 μL).
Results: Bright-field images showed yellow spots with nonpigmented areas in one mutant (vga9, fig. 1B). These yellow spots
are not seen in wild type mice (Fig. 1A). The other mutants showed
abnormal non-pigmented areas (Fig. 1C-E). Fluorescein angiography
showed apparently normal vasculature in the Mitfmi-vga9/+ and Mitfmienu122
eyes (Fig. 2B and C respectively) compared to wild type (Fig.
2A). However, the fluorescence image from the Mitfmi-enu122 (398) (Fig.
2B) mice showed large blurred areas, probably related to the nonpigmented areas in the bright field image (Fig. 1C).
Conclusions: The MITF protein plays a fundamental role in
regulating the fundus pigmentation in mice. Further studies are
needed on the retinal vasculature with fluorescein angiograms to
determine the effects of Mitf mutations on these structures.
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Figure 1. Bright field images from CBL/6J (A), Mitfmi-vga9/+ (B), Mitfmienu122 (398)
(C), Mitfmi-wh/+ (D), Mitfmi-wh/mi (E) mutant mice.

Figure 2. Fluorescein angiography images from CBL/6J (A), Mitfmivga9/+
(B), Mitfmi-enu122 (398) (C) mutant mice.
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Mutation of differentiation genes Prkci or Foxo3 modifies the
retinal dysplastic phenotype of Crb1rd8 mice
Mark P. Krebs, Wanda Hicks, Lisa Stone, Jeremy Charette,
Juergen Naggert, Patsy Nishina. The Jackson Laboratory, Bar
Harbor, ME.
Purpose: Variants of apicobasal polarity determinant CRB1 are
associated with retinal dysplasia in humans and in mice. In both
species, evidence suggests that genetic modifiers influence the
severity of dysplastic disease. The purpose here is to identify genetic
modifiers in mice that increase retinal dysplasia in the presence of the
homozygous Crb1rd8 allele.
Methods: Candidate genetic modifiers of the Crb1rd8 phenotype
were identified by indirect ophthalmoscopy of strains generated
by chemical mutagenesis of inbred B6.Cg-Crb1rd8 mice, or of
strains developed by the Knockout Mouse Phenotyping Project
(KOMP2) at The Jackson Laboratory in C57BL/6NJ mice, which are
naturally homozygous for the Crb1rd8 allele. The fundus phenotype
was validated by brightfield fundus imaging, optical coherence
tomography (OCT) and histological analysis of retinal sections.
Epistasis testing was performed by intercrossing modifier strains with
C57BL/6J or C57BL/6NJ-Crb1rd8+em1Mvw/MvwJ mice, in which the rd8
mutation was corrected. The causal modifier on the B6.Cg-Crb1rd8
background was identified by mapping, high-throughput sequencing
and mutation analysis.
Results: A B6.Cg-Crb1rd8 mutant strain, Tvrm323, showed an
increased frequency of Crb1rd8-like retinal lesions. The mutation
was semidominant and mapped to Chr 3. Whole-exome sequencing

revealed a c.406T>A transversion mutation in the Prkci gene,
corresponding to p.Tyr136Asn. Epistasis testing showed that the
PrkciTvrm323 retinal phenotype requires homozygosity at the Crb1rd8
locus. OCT and histology indicated that the lesions consist of
dysplastic foci characterized by thickening of the outer nuclear layer
and distortion of inner retinal layers. A KOMP2 strain carrying a
homozygous Foxo3tm1.1(KOMP)Vlcg knockout allele showed an increased
incidence of Crb1rd8-like lesions by indirect ophthalmoscopy and
fundus imaging. Epistasis testing indicated that this phenotype
required the homozygous Crb1rd8 allele, and OCT and histology
validated the dysplastic phenotype.
Conclusions: Mutations in Prcki or Foxo3 increase the severity of
retinal dysplasia in association with the homozygous Crb1rd8 allele.
The shared role of these genes in apicobasal polarity and in balancing
progenitor cell renewal against asymmetric division is intriguing, and
may provide clues to cellular differentiation processes that contribute
to CRB1/Crb1-dependent retinal dysplasia.
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Age-dependent retinal abnormalities and neurodegeneration in
the small kinky tail mutant
Erica L. Macke1, Erika Henningsen1, Erik Jessen1, 3, Hitoshi Higuchi1,
Samuel Miller1, 4, Sakae Ikeda1, 2, Akihiro Ikeda1, 2. 1Genetics,
University of Wisconsin-Madison, Madison, WI; 2McPherson Eye
Research Institute, Madison, WI; 3Biochemistry, University of
Wisconsin-Madison, Madison, WI; 4Biology, University of Indiana,
Bloomington, IN.
Purpose: The purpose of this study is to investigate the link between
aging and age-dependent diseases at the molecular level. We study
mouse mutants with accelerated aging to identify novel factors
involved in these processes. The small kinky tail (skt) mutation leads
to a kinked tail and small body size in mice. We have identified agedependent retinal abnormalities and hippocampal neurodegeneration
in skt mice. This study aims to further characterize the skt phenotypes
and identify the causative gene.
Methods: Immunohistochemical analysis of retinal sections from
4, 8, and 16-week old skt mutants and heterozygous controls
was performed to examine age-dependent phenotypes, including
inflammation, stress response, and synaptic abnormalities. Retinal
sections were stained with hematoxylin and eosin (H&E) to
measure the outer nuclear layer thickness (ONLT). Brains of
2-year old mice were perfused with 4% PFA and used for H&E and
immunohistochemical analysis. Genetic mapping of the skt mutation
was performed using an F2 intercross (B6/LT-skt/skt x C3Sn.BLiAPde6b+/DnJ). The resulting 2.5Mbp region was sequenced on the
Illumina HiSeq platform.
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Results: We observe an increase in microglia in skt retina at
4 weeks, which persists past 8 weeks. Specifically, we observe a
large increase in activated microglia in the ONL and retinal pigment
epithelium (RPE) at 4 and 8 weeks of age. By 8 weeks of age, there
is significant damage to the skt retina and a decrease in ONLT.
Age-related abnormalities are also present in the synaptic layers
of the retina at 8 weeks. The skt brain exhibits abnormalities in the
hippocampal neurons, including an increase in a stress marker, glial
fibrillary acidic protein (GFAP), a decrease in the axon number, and
an increase in cell death. Additionally, skt mice exhibit a reduced
lifespan compared to heterozygous controls. Via positional cloning,
we have identified the causative mutation within chondroitin sulfate
synthase 1 (Chsy1).
Conclusions: Our study has identified a novel function for Chsy1 in
aging within the brain and retina. The causative mutation in Chsy1
induces a large increase in inflammatory cells that precedes retinal
degeneration. These data suggest that inflammation could be the
primary defect causing the neurodegeneration and reduced lifespan in
skt mice.
Commercial Relationships: Erica L. Macke, None;
Erika Henningsen, None; Erik Jessen, None; Hitoshi Higuchi,
None; Samuel Miller, None; Sakae Ikeda, None; Akihiro Ikeda,
None
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A new Dpgat1 mutant mouse model for congenital disorder of
glycosylation, type Ij, exhibits photoreceptor degeneration and
sterility
Patsy Nishina, Lihong Zhao, Lisa Stone, Andrew Njaa,
Mark P. Krebs, LanYing Shi, Wanda Hicks, Juergen Naggert. Nishina
Lab, Jackson Laboratory, Bar Harbor, ME.
Purpose: To identify the genetic basis of a rapid photoreceptor
degeneration model identified in the Translational Vision Research
Models (Tvrm) chemical mutagenesis program.
Methods: A mouse mutant (tvrm76) exhibiting a grainy fundus
phenotype was discovered in an ENU mutagenesis ocular screen
of C57BL/6J mice. The mutation was mapped using an affectedsonly DNA pooling approach, and the candidate region narrowed by
recombinational analysis. The high-throughput DNA sequence of a
whole-exome capture library from an affected mouse was analyzed
using Galaxy software. An allele test with a Dpgat1 null mutant
was performed and a rod cell-specific knock-out of Dpagt1 was
also generated. Pathological features and progression were probed
by fundus imaging, optical coherence tomography and histology.
Functional changes were assessed by ERG. Marker and western
analyses were carried out.
Results: The tvrm76 mutation is recessive and mapped to Chr 9.
Fine mapping and high-throughput sequencing identified a mutation,
nt497 A>G, in Dpagt1 (dolichyl phosphate acetylglucosamine
transferase 1), encoding an Asp166Gly missense substitution.
This mutation co-segregated with the disease phenotype in the
mapping backcross and in the segregating colony on the C57BL/6J
background. The causative nature of the mutation was confirmed by
an allele test against a heterozygous null allele of Dpagt1. Fundus
imaging of homozygous Dpagt1tvrm76 and compound heterozygotes
- Dpagt1tvrm76/Dpagt1null/+mice confirmed the grainy phenotype
and vascular atrophy. OCT and histology indicated a progressive
loss of photoreceptor nuclei over 12 months, and ERG confirmed
a corresponding decline in function. Loss of Dpagt1 function in

rod photoreceptors alone was sufficient to cause degeneration. No
change in the levels of overall protein glycosylation or of rhodopsin
glycosylation was observed. However, the mutation elevated levels
of BiP, an endoplasmic reticulum chaperone, in the retina, indicating
ER stress.
Conclusions: A newly identified missense mutation of murine
Dpagt1 causes progressive photoreceptor loss and sterility. The
affected protein, DPAGT1, catalyzes the committed step in the
assembly of carbohydrate chains destined for secretory pathway
substrates. Dpagt1tvrm76 mice will be invaluable for understanding
the role of Dpagt1 in the adult, as the null allele causes embryonic
lethality.
Commercial Relationships: Patsy Nishina, None; Lihong Zhao,
None; Lisa Stone, None; Andrew Njaa, None; Mark P. Krebs,
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Establishment of an ex vivo retinitis pigmentosa model by
efficient delivery of PRPF31 siRNA to human organotypic retinal
culture
Narsis Daftarian2, 1, Leila Azizzadeh Pormehr3, 2, Shahin Ahmadian3,
Mozhgan Rezaei Kanavi2, 1, Hamid Ahmadieh2, 1. 1Ophthalmology,
Ophthalmic Research Center, Shahid Beheshti University o Medical
Sciences, Tehran, Iran (the Islamic Republic of); 2Ophthalmology,
Ocular Tissue Engineering Research Center, Shahid Beheshti
University of Medical Sciences, Tehran, Iran (the Islamic Republic
of); 3Biochemistry and Biophysics, Dept. of Biochemistry, Institute
ofBiochemistry and Biophysics, University of Tehran, Tehran, Iran
(the Islamic Republic of).
Purpose: The splicing factor PRPF31 is the most commonly
mutated general splicing factor in the autosomal dominant retinitis
pigmentosa. There is a high demand for safe and efficient delivery
of siRNA into Human Organotypic Retinal Culture (HORC). We
used a rapid, convenient and safe transfection method with an
efficient PRPF31 knockdown in HORC in order to study the PRPF31
silencing effect on retinal gene expressions in this ex vivo model.
Methods: Donor human eyes were obtained within the 24 hours post
mortem from Iranian eye bank in compliance with the Declaration
of Helsinki. The retinas were isolated and cultured in DMEM
serum free medium. HORC transfection using PRPF31 siRNA
and scramble siRNA as negative control were done with modified
calcium phosphate method. PRPF31 down regulation was assessed
by quantitative real time PCR (qPCR) within 63 hours. The tissue
viability of HORC was measured using the 3-(4, 5-dimethylthiazol2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. The PRPF31
gene down regulation effects on retinal gene expression such as RP1,
GNAT and ROM were analyzed by qPCR.
Results: After 63 hours of calcium phosphate transfection method in
HORC, the qPCR results showed that the levels of PRPF31 mRNA
was reduced significantly in the PRPF31 siRNA treated samples in
comparison to controls (over 90%). The PRPF31 mRNA silencing
with calcium phosphate had no effect on cell viability in the time
period of experiment. PRPF31 reduced expression in the siRNA
treated samples led to reduction of retinal specific gene expression
such as RP1 (over 100 times), GNAT (10 times) and ROM (10 times)
compared to controls, based on qPCR results.
Conclusions: We represent an efficient and safe delivery method
of PRPF31 siRNA to HORC that could be a useful tool for ex vivo
modeling of RP disease. Other than significant effect of PRPF31
down regulation on reduction of RP1, GNAT and ROM gene
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expression detected by qPCR in this study, further examinations for
understanding of PRPF31 down regulation effects in HORC are in
progress.
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Variable penetrance of Fraser syndrome-associated FREM2 allele
and candidate genetic modifier
Sairah Yousaf1, Rehan Sadiq Shaikh2, Rehana Iqbal2,
Saima Riazuddin1, Zubair Ahmed1. 1University of Maryland,
Baltimore, MD; 2Bahauddin Zakariya University, Multan, Pakistan.
Purpose: Fraser syndrome is a rare genetically heterogeneous
recessive multisystem malformation disorder characterized by
cryptopthalmos, cutaneous syndactyly, and urogenital anomalies.
Here, we performed detailed clinical & molecular characterization
of a large consanguineous family to improve our understanding of
Fraser genetic network.
Methods: With IRB approval, a large family (PKFS001) with
6 affecteds was enrolled. Physical and detailed clinical histories
were obtained. Whole exome sequencing (WES) was performed to
identify underlying genetic deficit. Immunohistochemistry followed
by confocal imaging was performed for WT and truncated protein
localization. Molecular modeling using Phyre2 & HOPE prediction
programs was performed.
Results: The clinical spectrum of family PKFS001 includes
unilateral cryptopthalmos, cutaneous syndactyly, and unilateral renal
hypoplasia. Through WES, we identified a novel missense mutation
in FREM2 gene, encoding Fras1-Related Extracellular Matrix
Protein 2. The identified p.(Arg2167Trp) variant is in the Calx-beta
4 domain of FREM2, which binds and regulates Ca2+ with high
affinity and is required for normal cell adhesion functions. Molecular
modeling suggested that due to the differences in size, charge and
hydrophobic properties, the mutated residue (tryptophan) is predicted
to disrupt protein topology, which could result in protein misfolding.
Intriguingly, three apparently healthy (non-penetrant) individuals of
PKFS001 family are also homozygous for p.(Arg2167Trp) allele,
potentially indicating reduced penetrance. Genetic modifiers are one
of several elements that can influence the phenotypic expression
of a genetic disorder. To determine the genetic cause of reduced
penetrance, we performed WES studies on the three non-penetrant
and two additional affected individuals. Intriguingly, bioinformatic
analysis of WES data revealed a candidate heterozygous variant in
an unrelated gene on human chromosome 11q, which may act as a
dominant modifier of FREM2. Currently, studies are underway to
determine the mechanism of suppression of FREM2 allele.
Conclusions: Our studies provide first evidence of a potential genetic
dominant modifier that could cause reduced penetrance of FREM2
allele. Validating and deciphering the molecular mechanism of
modification has potential clinical relevance to target a disease with
no known treatments.
Commercial Relationships: Sairah Yousaf, None; Rehan
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Assessment of the relationship between CHM gene expression
and rate of disease progression in choroideremia
Maria I. Patrício1, 2, Kanmin Xue1, 2, Laurel C. Chandler1, 2,
Alun R. Barnard1, 2, Jasleen K. Jolly1, 2, Thomas Edwards1, 2,
Michelle E. McClements1, Robert E. MacLaren1, 2. 1NDCN,
University of Oxford, Oxford, United Kingdom; 2Oxford University
Hospitals NHS Foundation Trus, Oxford, United Kingdom.
Purpose: As gene therapy for choroideremia has demonstrated
promising early clinical outcomes, it is becoming increasingly
important to develop biomarkers that might help to identify patients
at risk of rapid disease progression. Skin fibroblasts can be used as
an ex vivo model of the disease since the CHM gene is ubiquitously
expressed. This project explores potential correlation between gene
expression in choroideremic fibroblasts and disease progression rate.
Methods: Fourteen choroideremia patients (with point mutations,
minor deletions/insertions and >1 exon alterations) underwent
autofluorescence (AF) imaging and a skin biopsy (UK national
research ethics approval 15/WA/0087). Dermal tissue from all
patients and 14 controls were cultured in vitro and primary fibroblasts
were isolated and propagated for up to eight weeks, and characterized
by indirect immunofluorescence staining against vimentin.
Fibroblasts RNA was extracted at passage 2 and cDNA synthesized
for gene expression analysis. The expression of CHM and 3 other
genes involved in the prenylation machinery, CHML, RABGGTB and
RAB27A was analysed by quantitative PCR. The levels for REP1
protein expression in each sample were also detected by western
blot using antibodies against both the N- and the C-terminus of the
protein.
Results: The areas of AF in the choroideremia patients were plotted
against age, thereby allowing estimation of the individual disease
progression rate against the mean rate of disease progression obtained
from a large cohort of choroideremia patients. As expected the
majority of choroideremia patients showed lower levels of CHM
than controls, but no clear association was identified between gene
expression and estimated disease progression rate. One patient with
a novel non-contiguous duplication of exons showed similar levels
of CHM to controls. None of the other genes analysed showed an
association between expression and estimated disease progression
rate. Analysis of REP1 protein levels showed no protein expression
or low, residual expression for some of the mutations assessed.
Conclusions: The data showed no obvious correlation between
CHM-related gene expression and estimated disease progression
rate. This suggests that REP1 protein expression level may be more
relevant clinically, or alternatively other potential modifier genes are
involved in determining choroideremia disease progression.
Commercial Relationships: Maria I. Patrício, None;
Kanmin Xue, None; Laurel C. Chandler, None; Alun R. Barnard,
None; Jasleen K. Jolly, None; Thomas Edwards, None;
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Proteomic Profiling of Sorsby Fundus Dystrophy Patient-Derived
Retinal Pigment Epithelium
Christine A. Petersen, Thomas Khuu, Kaitlen Knight, Abbi Engel,
Jianhai Du, Jennifer R. Chao. Ophthalmology, University of
Washington, Seattle, WA.
Purpose: Sorsby Fundus Dystrophy (SFD) is an autosomal dominant
disorder that can result in central vision loss in early adulthood.
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Mutations in the TIMP3 gene are found in patients with SFD, but
the pathogenesis remains unclear. In order to better understand the
disease process, we determined the protein expression profile of
retinal pigment epithelial (RPE) cells derived from an individual with
SFD as compared to normal controls.
Methods: Induced pluripotent stem cells (iPSCs) were generated
from an individual with an S181C TIMP3 mutation and from
unaffected control individuals. RPE cell lines were differentiated
from at least three distinct iPSC clones from each individual and
cultured to maturity (4 wks). RPE were analyzed using isobaric
tag for absolute and relative quantification (iTRAQ) to develop a
protein expression profile. The SFD-RPE and control-RPE samples
were pooled separately, digested with porcine trypsin, and labeled
with iTRAQ 4-plex reagents. All samples were then pooled together
and fractionated with liquid chromatography followed by tandem
mass spectrometry to produce a peptide sequence tag. This tag
was searched against the proprietary peptide database Proteome
Discoverer using a false discovery rate of 1% to identify the peptide
and the corresponding parent protein. We then identified proteins that
were expressed at either higher than two-fold or less than one-halffold between the SFD and control samples. Western blot was used to
confirm differences in protein expression.

Results: We identified 6953 total proteins, 16 of which were
present with increased abundance in SFD compared to control,
and 9 of which were present with decreased abundance in SFD
compared to control. Interestingly, several of the proteins with
increased abundance in SFD were found to belong to the alpha and
beta crystalline category and several were found to be involved in
glutathione metabolism. The increased abundance of GSTA1 was
confirmed with Western Blot.
Conclusions: Several proteins with increased expression in SFDderived RPE are involved in glutathione metabolism, which plays a
role in cell protection against oxidative stress. A key protein involved
in glutathione metabolism was confirmed using Western Blot. Our
results suggest that glutathione metabolism may play a role in the
pathogenesis of SFD. Further studies will be needed to determine the
role of oxidative stress in Sorsby Fundus Dystrophy.
Commercial Relationships: Christine A. Petersen, None;
Thomas Khuu, None; Kaitlen Knight, None; Abbi Engel, None;
Jianhai Du, None; Jennifer R. Chao, None
Support: EY026030 (JD, JRC), EY001730 (NEI Vision Research
Core), an unrestricted grant from Research to Prevent Blindness
(CP, ALE, JRC)
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