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Presentation Time: 11:30 AM–11:45 AM
Identification, RNA splice defect assessment and AON correction 
of non-coding variants of ABCA4 in Stargardt disease
Silvia Albert6, Riccardo Sangermano6, Alejandro Garanto6, 
Miriam Bauwens1, Ana Fakin2, Ingeborgh Van Den Born4, 
Andrew R. Webster2, Elfride De Baere1, Heidi Stoehr3, 
Bernhard H. Weber3, Carel C. Hoyng5, Rob W. Collin6, 
Frans P. Cremers6. 1Center for Medical Genetics, Ghent University 
and Ghent University Hospital, Ghent, Belgium; 2Institute of 
Ophthalmology and Moorfields Eye Hospital, London, United 
Kingdom; 3Institut für Humangenetik, Regensburg, Germany; 
4Rotterdam Eye Hospital, Rotterdam, Netherlands; 5Ophthalmology, 
Radboud University Medical Center, Nijmegen, Netherlands; 6Human 
Genetics, Radboud university medical center and Donders Institute 
for Brain, Cognition and Behaviour, Nijmegen, Netherlands.
Purpose: In ~35% of persons with autosomal recessive (ar) Stargardt 
disease (STGD1), no or one variant was identified in the protein 
coding regions of ABCA4. In 84 STGD1 cases with one or no ABCA4 
variants, we searched for rare deep-intronic variants, assessed their 
effect on transcripts, and corrected selected splice defects by using 
antisense oligonucleotides (AONs).
Methods: Haloplex-based whole ABCA4 gene sequencing was 
performed in 84 STGD1 cases with one or no ABCA4 variant. In 
silico prediction of splice abnormalities was assessed by using 5 
different algorithms, and the effect of the candidate disease variants 
was tested in vitro by transfecting minigenes splice constructs into 
HEK293T cells. Fibroblasts of STGD1 cases were reprogrammed 
into induced pluripotent stem cells and differentiated into 
photoreceptor precursor cells (PPCs). The effect of deep-intronic 
variants on RNA splicing was assessed by reverse transcription (RT)-
PCR of PPC mRNA. AONs were designed and added to the medium 
of minigene-transfected HEK293T and PPCs and the effect was 
analyzed at the mRNA level.
Results: Analysis of sequence data yielded 355 rare variants in 84 
probands. In silico predictions revealed putative splice abnormalities 
for 36 variants, and so far, 3 splice abnormalities were found for 11 
tested variants. One variant activated a cryptic splice acceptor site 
and upon HEK293T transfection of the mutant minigene led to a 
pseudoexon (PE) insertion. It was found in 6 alleles of 5 unsolved 
Dutch STGD1 cases but not in 195 unsolved German STGD1 cases. 
Another variant generated a cryptic splice donor site and also led to 
a PE insertion. It was found in one additional Dutch STGD1 case, 
but not in the German STGD1 cohort. Another previously identified 
deep-intronic variant resulted in the insertion of a sizeable PE, which 
was confirmed in patient-derived PPCs. By treatment with AONs we 
corrected the splice defects of two of the three tested variants.
Conclusions: Whole ABCA4 gene sequencing and in vitro and in vivo 
assessments of the effect of rare deep-intronic variants enabled us 
to identify several novel STGD1-associated variants. AON delivery 
resulted in a correction of several splicing defects, showing that 
RNA modulation may represent an exciting therapeutic approach for 
Stargardt disease.
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Size matters: ABCA4 midigenes facilitate accurate RNA splicing 
analysis of non-canonical splice site variants in Stargardt disease
Riccardo Sangermano1, 2, Mubeen Khan1, 3, Valerie Richelle1, 
Stephanie Cornelis1, 4, Alejandro Garanto1, 2, Rob W. Collin1, 2, 
Silvia Albert1, 2, Frans P. Cremers1, 2. 1Department of Human 
Genetics, Radboud University Medical Center, Nijmegen, 
Netherlands; 2Donders Institute for Brain, Cognition and Behaviour, 
Nijmegen, Netherlands; 3Department of Biosciences, Commission 
on Science and Technology for Sustainable Development in the 
South Institute of Information Technology, Islamabad, Pakistan; 
4Department of Ophthalmology, Radboud University Medical Center, 
Nijmegen, Netherlands.
Purpose: Stargardt disease is characterized by a conspicuously high 
proportion of non-canonical splice site (NCSS) variants in ABCA4 
that have unknown functional consequences. In vitro minigene splice 
assays enable a cost-effective assessment of putative splice defects. 
While using an in-house Gateway-adapted minigene splice assay 
vector containing RHO exons 3 and 5, we found a splicing artifact 
when testing an exon 40 non-canonical splice variant. The strong 
nature of the RHO exon splice sites resulted in aberrant wild-type 
and mutant exon 40 skipping. We therefore tested the hypothesis that 
larger constructs, containing multiple exons and coined ‘midigenes’, 
would represent a more reliable in vitro system. In addition, we aimed 
to generate a complete library of wild-type midigenes for the ABCA4 
gene which would allow us to systematically test all published NCSS 
variants for splice abnormalities.
Methods: Wild-type midigenes were generated by PCR amplification 
of overlapping ABCA4 fragments from a bacterial artificial 
chromosome clone containing ABCA4. We collected all NCSS 
ABCA4 variants mentioned in peer-reviewed papers from 1997 
to 2015. Their putative effect on splicing was assessed by using 5 
different splicing algorithms via Alamut Visual software. Through 
site-directed mutagenesis, the wild-type midigenes were converted 
into mutant versions and subsequently used in HEK293T splice 
assays.
Results: 28 wild-type ABCA4 midigenes (insert sizes: 4.7 – 11.7 
kb) were generated, each of which containing the exon or intron of 
interest plus as many flanking exons (ranging from at least 2 to 6) as 
possible. Altogether they cover ~80% of the 128-kb ABCA4 gene and 
46 of 50 exons. 39 ABCA4 NCSS variants were tested and abnormal 
splicing was observed in 65% of these. We found exon skipping, 
exon elongation and multiple exon abnormalities, which enabled us 
to determine the severity of the different NCSS variants.
Conclusions: The creation of a library of ABCA4 wild-type 
midigenes allowed us to generate mutant constructs containing NCSS 
variants. Similarly, this midigene collection will also enable us to 
quickly test potential splicing defects due to any other unclassified 
variant, and thereby can become a cost-effective diagnostic tool.
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Validating splice altering ‘variants of uncertain significance’ in 
genetically unsolved Leber congenital amaurosis patients using 
the RHCglo minigene
Justin Branch1, 4, Zachary Soens1, 4, Yumei Li1, 4, Keqing wang1, 4, 
mingchu xu1, 4, David G. Birch2, Fernanda B. Porto3, 
Juliana M. Sallum5, Peiquan Zhao6, Ruifang Sui7, 
Robert K. Koenekoop8, 9, Rui Chen1, 4. 1Molecular and Human 
Genetics, Baylor College of Medicine, Houston, TX; 2Retina 
Foundation of the Southwest and Department of Ophthalmology, 
University of Texas Southwestern Medical Center, Dallas, TX; 
3Department of Retina and Vitreous, Ophthalmologic Center of 
Minas Gerais, Minas Gerais, Brazil; 4Human Genome Sequencing 
Center, Baylor College of Medicine, Houston, TX; 5Department of 
Ophthalmology and Visual Sciences, Paulista School of Medicine, 
Sao Paulo, Brazil; 6Department of Ophthalmology, Xin Hua Hospital 
Affiliated to Shanghai Jiao Tong University School of Medicine, 
Shanghai, China; 7Department of Ophthalmology, Peking Union 
Medical College, Dongcheng, Beijing, China; 8Department of 
Ophthalmology, McGill University Health Centre, Montreal, QC, 
Canada; 9Department of Paediatric Surgery, McGill University Health 
Center, Montreal, QC, Canada.
Purpose: A confident molecular diagnosis is essential for patients 
that have the potential to be considered for personalized treatment. 
Many Mendelian diseases are often genetically heterogeneous which 
impedes the ability to confidently assign a molecular diagnosis to a 
significant portion of patients. Leber congenital amaurosis (LCA) 
is an inherited retinal disease in which ~30% of patients forgo a 
confident molecular diagnosis after sequencing associated disease 
genes. For our LCA patient cohort, we tested the hypothesis that 
variants of uncertain significance affect RNA splicing patterns by 
using computational splicing tools and an in vitro minigene assay.
Methods: Using exon-capture next generation sequencing data a 
member of our laboratory, Zachary Soens, identified splice disruption 
candidates within splice site regions by obtaining scores from the 
database of splicing consensus SNV’s (dbscSNV). For rare exonic 
variants outside splicing consensus regions, NNsplice was used to 
assess a variants ability to strengthen a cryptic splice site. These 
scores were then applied to our LCA cohort of 714 patients. Each 
variant that possesses a score and matches a genes inheritance pattern 
is then validated using a minigene vector termed “RHCglo.”
Results: We discovered 17 rare variants within 20 patients predicted 
to alter RNA splicing patterns. From these, 5 nonsynonymous 
variants were identified in 8 patients, 4 synonymous variants in  
4 patients, and 8 intronic variants in 8 patients. All 17 variants caused 
a disruption in RNA splicing patterns by comparing to a patient/
placenta wild-type sequence. 14 variants have caused exon loss,  
2 variants have caused truncation of an exon, and 1 variant has 
caused intron retention.
Conclusions: Most of these splice altering variants have caused the 
loss of an entire exon thereby leading to the absence or truncation of 
a protein. We can therefore assign a confident molecular diagnosis to 
these patients. We suggest for other groups working with genetically 
heterogeneous Mendelian diseases use these splicing tools to identify 
splice-altering variants for patient cohorts to achieve a higher solving 
rate.
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miRNA-34a-TREM2 and miRNA-146a-CFH signaling regulates 
phagocytosis, amyloidogenesis and innate-immune funtions in 
age-related macular degeneration (AMD)
Walter J. Lukiw, Yuhai Zhao, Vivian Jaber. Neurology, Neuroscience 
& Ophthalmology, Lousiana State Univ Hlth Sci Ctr, New Orleans, 
LA.
Purpose: A characteristic feature of AMD is the accumulation of 
retinal drusen, yellowish deposits enriched in oxidized proteolipids, 
complement proteins, serum amyloids and amyloid beta (Aβ) 
peptides. The abundance of drusen is linked to the inability of 
homeostatic clearance mechanisms to remove these self-aggregating 
lesions via a compromised triggering receptor expressed in microglial 
cells (TREM2)-mediated clearance mechanism, a down-regulation 
in complement factor H (CFH) and an altered innate-immune 
signaling system that drives inflammatory neurodegeneration. The 
purpose of this study was to examine the nature of 2 NF-kB-regulated 
microRNAs: miRNA-34a and miRNA-146a on TREM2 and CFH 
signaling in cell cultures, in the retina of amyloid over-expressing 
transgenic mice and in human AMD retina.
Methods: anti-miRNA, bioinformatics, cultured microglial cells; 
mRNA-miRNA arrays; NFkB inhibitors, LED-Northern dot blot, 
DNA and RNA sequencing, transgenic murine models for AMD 
(TgAMD)
Results: miRNA-34a and miRNA-146a are members of a family 
of inducible, NF-kB-regulated pro-inflammatory miRNAs over-
expressed in AMD. Increased miRNA-34a and miRNA-146a 
abundance leads to decreases in 2 of their messenger RNA (mRNA) 
targets including those encoding TREM2 and CFH. The inducible 
down-regulation and insufficiency of TREM2 and CFH appear to 
be linked to deficits in phagocytosis, amyloidogenesis and innate-
immune signaling.
Conclusions: Our understanding of the highly specialized functions 
for CNS miRNAs continues to evolve. These data are the first to 
show: (i) an up-regulated miRNA-34a and miRNA-146a coupled 
to TREM2 and CFH down-regulation in AMD, a CNS disease 
associated with drusen formation, Aβ42 accumulation, and defects 
in the innate-immune response; (ii) that an NF-kB-sensitive miRNA-
34a modulation of TREM2 contributes to Aβ42 clearance; (iii) that 
miRNA-146a modulation of CFH leads to deficiencies in the innate-
immune system; (iv) that 4 gene products encoded on 3 different 
chromosomes (miRNA-34a at chr 1p36.22, TREM2 at chr 6p21.1, 
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miRNA-146a at chr 5q33.3 and CFH at chr 1q31.3) orchestrate a 
complex Aβ42 clearance and innate-immune system function; (v) that 
these regulatory systems are inducible from outside of the microglial 
cell; and (vi) that anti-NF-kB and/or AM-based therapeutic strategies 
may be useful in the clinical management of AMD.
Commercial Relationships: Walter J. Lukiw, None; Yuhai Zhao, 
None; Vivian Jaber, None
Support: Research to Prevent Blindness (RPB); the Louisiana 
Biotechnology Research Network (LBRN) and NIH grants NEI 
EY006311, NIA AG18031 and NIA AG038834.
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Identification of microRNAs associated with glaucoma using 
GWAS data
Magda A. Meester3, Mohsen Ghanbari1, Adriana I Iglesias1, 
H Springelkamp3, S.J Erkeland2, A. Dehghan1, Cornelia van Duijn1, 
O Franco1, Caroline Klaver3, 4. 1Epidemiology, Erasmus Medical 
Center, Rotterdam, Netherlands; 2Immunology, Erasmus Medical 
Center, Rotterdam, Netherlands; 3Ophthalmology and Epidemiology, 
Erasmus Medical Center, Rotterdam, Netherlands; 4Ophthalmology, 
Radboudumc, Nijmegen, Netherlands.
Purpose: Genetic polymorphisms in microRNA (miRNA) genes or 
their binding sites (BS) within target genes are expected to contribute 
to phenotypic variance and risk of disease. We aimed to identify 
miRNAs and target genes that are involved in glaucoma using 
existing GWAS data on glaucoma endophenotypes.
Methods: Single Nucleotide Polymorphisms (SNPs) in miRNA 
sequences and miRNA BS were retrieved from online databases (e.g. 
PolymiRTS and miRNASNP) and literature. MiRNA SNPs and BS 
SNPs present in the GWAS data were evaluated for their associations 
with glaucoma endophenotypes including intraocular pressure (IOP), 
cup area, disc area and vertical cup-disc ratio (VCDR), using data 
from the International Glaucoma Genetics Consortium (IGGC). 
Target genes for the associated miRNAs were ranked according to 
their association with the studied traits and tested in cell lines by 
transfection experiments for regulation by the miRNAs. Associated 
miRNA BS SNPs were prioritized based on various criteria (e.g. 
eQTL data, miRNA and target gene expression, putative interaction 
score).
Results: Out of 2,420 miRNA SNPs, 412 (17%) were available in 
IGGC GWAS data. After applying Bonferroni correction, two SNPs 
were significantly associated with VCDR and cup area (p-values 
<1.2×10-4). One of the SNPs is located in the pre-miRNA sequence, 
and has been shown to decrease the expression level of the mature 
miRNA. The other is located in the seed region and does not 
influence the expression of the miRNA. However, we showed that 
this SNP disrupts the regulatory interaction between the miRNA and 
CARD10, a gene associated to disc area.
Out of 401,000 miRNA BS SNPs, 72,052 (18%) were present in 
IGGC GWAS data. Forty-seven miRNA BS SNPs (in twenty-one 
genes) were significantly associated with glaucoma endophenotypes 
(p-value threshold of <6.9×10-6). After prioritization, ten identified 
SNPs were considered candidates for functional validation. Two of 
these are located in the glaucoma-associated gene CDKN2B, and 
both were already described to disrupt the miRNA binding sites. This 
underscores the validity of the methods and prioritization strategy 
used in this study.
Conclusions: We have successfully identified SNPs in two miRNAs, 
and in multiple miRNA BS that are associated with glaucoma 
endophenotypes. These miRNAs and target genes may represent 
targets for miRNA-related therapies for glaucoma.

Commercial Relationships: Magda A. Meester, None; 
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Combining CRISPR based genome editing and patient specific 
iPSCs to elucidate the pathophysiologic role of WFS1 mutations 
in optic atrophy
Tasneem P. Sharma, Joseph C. Giacalone, Erin R. Burnight, 
Kristin R. Anfinson, Jill S. Wiley, John Fingert, Robert F. Mullins, 
Edwin M. Stone, Budd Tucker. Ophthalmology and Visual Sciences, 
University of Iowa, Stephen A. Wynn Institute for Vision Research, 
Iowa City, IA.
Purpose: Mutations in wolframin ER transmembrane glycoprotein 1 
(WFS1) gene have been associated with optic atrophy and Wolfram 
syndrome. The purpose of this study was to use patient specific iPSCs 
and CRISPR based genome editing to determine how mutations in 
WFS1 cause retinal ganglion cell (RGC) death.
Methods: Dermal fibroblasts were obtained and expanded from 
two patients with suspected WFS1 associated optic atrophy and one 
patient with molecularly confirmed Wolfram syndrome. Fibroblasts 
were targeted for induced pluripotent stem cell (iPSC) generation 
using Sendai viruses driving expression of OCT4, SOX2, KLF4 and 
c-MYC. Pluripotency was confirmed using  
rt-PCR, immunocytochemistry and the TaqMan Scorecard Assay. 
Immunofluorescence, quantitative rt-PCR, and Western blot analyses 
were used to characterize expression of ER stress associated markers. 
Cells generated from a patient with molecularly confirmed Wolfram 
syndrome and isogenic CRISPR/Cas9 corrected patient-specific 
iPSCs were used as controls.
Results: Homozygous Arg558Cys WFS1 variants were identified 
in two patients with non-syndromic recessive optic atrophy using 
exome sequencing. As determined by a TaqMan ER stress assay, 
patient-specific iPSC-derived retinal ganglion cells generated from 
these two individuals were found to have increased expression of 
key ER stress genes such as BIP and ERO1LB (P<0.05). Likewise, 
ER-stress mediated RGC dysfunction, as evident by increased levels 
of BIP, HSP90AB, CANX, DDIT3, EIF2AK3, CASP3 and BAX were 
identified (P<0.05). CRISPR/Cas9-mediated homology dependent 
repair of the WFS1 gene mitigated the mutant phenotype and enabled 
generation of normal RGCs.
Conclusions: Mutations in WFS1 can cause non-syndromic early 
onset optic atrophy. By combining patient specific iPSCs and 
CRISPR based genome editing we have successfully demonstrated 
that mutations in WFS1 lead to activation of the ER-stress pathway.
Commercial Relationships: Tasneem P. Sharma, 
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Inheritance Pattern Prediction of Retinal Dystrophies:  
A Machine-Learning Model
Dana Schlegel1, Edmond Cunningham2, Xinghai Zhang2, 
Yaman Abdulhak2, Andrew DeOrio2, Thiran Jayasundera1.  
1Retinal Dystrophy, Kellogg Eye Center, Ann Arbor, MI; 2University 
of Michigan, Ann Arbor, MI.
Purpose: Knowing the pattern of inheritance of a retinal dystrophy 
can suggest causal mutated genes, inform appropriate genetic testing, 
and determine likely diagnoses. At this time, there is no known 
algorithm to predict the pattern of inheritance for a patient, and not 
all patients have access to genetic counseling resources. Therefore, 
using a retrospective chart review to collect data on patients with 
genetically-proven retinal dystrophies, a machine-learning algorithm 
has been created whose input is family history phenotype and whose 
output is the most likely pattern of inheritance.
Methods: The pedigrees of patients from the Kellogg Eye Center 
with genetically-proven retinal dystrophies were analyzed with 3 
methods: 1) prediction of pattern of inheritance by students who were 
trained by genetic counselors (277 patients), 2) clinician-reported 
answers to 12 questions about family history (100 patients), and 3) 
computer-calculated answers to the same questions using feature 
extraction, with tolerance for user input errors, on a digitalized 
patient pedigree (90 patients). The 3 cohorts have an overlap of 70 
patients. Questions were based on pedigree structure, severity and 
age of onset of disease in males vs females, symmetric vs asymmetric 
disease in females, and variability of retinal diagnoses in the  
family. A machine learning model using a Gradient Boosted Tree 
(80/20 training/testing split) was used on the second two methods to 
predict the pattern of inheritance. Results were compared with the 
pattern of inheritance associated with the causal mutated gene for that 
patient.

Results: Student-predicted pattern of inheritance had 84% accuracy, 
machine learning on clinician-reported answers to questions had 77% 
accuracy (SD 2.6%), and machine learning on computer-calculated 
answers to the questions had 70% accuracy (SD 3.1%). Our machine-
learning algorithms provided results with similar accuracy to that of 
humans, and this algorithm will likely improve over time and with 
the addition of more data.
Conclusions: Machine learning methodology is becoming more 
common in medicine, and it is a useful tool for examining the pattern 
of inheritance for patients with retinal dystrophies. This may be 
helpful for predictive purposes, counseling about risk calculation 
for relatives, determining appropriate genetic testing to order, and 
refining the differential genetic and clinical diagnoses for a given 
patient.
Commercial Relationships: Dana Schlegel, None; 
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