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Title: Quantification of Proteoglycan 4 (PRG4) / Lubricin in
Human Vitreous Humor
Abdulaziz Alarifi1, Suresh C Regmi2, David A Hart3,
Tannin A. Schmidt2. 1Medical Sciences, University of Calgary,
Calgary, AB, Canada; 2Kinesiology, University of Calgary, Calgary,
AB, Canada; 3University of Calgary, Calgary, AB, Canada.
Purpose: Purpose: Proteoglycan 4 (PRG4) / lubricin is a mucin-like
glycoprotein originally discovered in synovial fluid, and recently
on the ocular surface. PRG4 is classically known to function as a
boundary lubricant at articulating biointerfaces, both alone and in
combination with hyaluronan (HA). In a recent mass spectrometry
study, PRG4 was identified in human vitreous humor (VH). We have
also recently shown by western blot the full-length protein is present
in VH. However, both the functional role and concentration of PRG4
within human vitreous humor remain to be determined. The objective
of this initial study was to quantify the PRG4 protein, along with HA,
in human VH samples.
Methods: Methods: Human VH samples, from both left and
right eyes, were obtained (N=12, 4 female and 8 male) through
Southern Alberta Lions Eye Bank. The subjects’ ages varied from
61 to 77 years with a mean of 70.25, with diverse pathological
medical histories. Samples were obtained within 8 hours of death,
and were centrifuged prior to aliquoting and storage at -80°C. The
concentration of PRG4 was determined via a competitive amplified
luminescent proximity homogeneous assay using recombinant human
PRG4 as the control. The concentration of HA was determined in
select samples via a commercially available sandwich enzyme-linked
immunosorbent assay.
Results: Results: The mean +/- SD PRG4 concentration in VH was
20 ± 25 µg/mL, and values ranged from 2 – 95 µg/mL. Left and right
samples from individual donors were within 31+/-20 % of each other.
The HA concentration in two subjects, one high (12 µg/mL) and one
low (2 µg/mL) in corresponding PRG4 content, were 52 and
208 µg/mL, respectively.
Conclusions: Conclusion: PRG4 was quantified in human VH for
the first time. The reported values are approximately an order of
magnitude lower than those reported for synovial fluid. Analysis is
ongoing to establish any potential correlation between HA and PRG4
concentration. While there is no obvious load bearing surface in the
vitreous humor for PRG4 to directly lubricate, it could contribute
to the viscous properties of vitreous humor. Given PRG4’s recently
described biological and anti-inflammatory properties (e.g. through
TLR interaction), PRG4 could also have biological function(s) in the
VH. Future studies are required to elucidate the role of PRG4 in the
VH and its contributions to VH health and/or disease.
Commercial Relationships: Abdulaziz Alarifi, None; Suresh
C Regmi, None; David A Hart, None; Tannin A. Schmidt, None
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Towards elucidation of the myopia signalling cascade: association
of human cone system electrophysiological response parameters
with a myopia susceptibility polymorphism
Omar A. Mahroo1, 2, Ambreen Tariq3, Taha Bhatti3, Ting Shen3,
Katie M. Williams1, 3, Christopher J. Hammond1, 3, Pirro G. Hysi3.
1
Ophthalmology, King’s College London, London, United Kingdom;
2
Retinal Service, Moorfields Eye Hospital, London, United Kingdom;
3
Twin Research and Genetic Epidemiology, King’s College London,
London, United Kingdom.
Purpose: Genetic associations with myopia have been identified,
but mechanisms by which they might confer susceptibility are not
known. The strongest association (rs524952) is near a gene coding
for a protein forming gap junctions in the retina (GJD2). We tested
the hypothesis that this locus might be associated with alterations in
retinal electrophysiological responses.
Methods: Full-field electroretinograms (ERGs) were recorded
from healthy adult volunteers from the TwinsUK cohort. Stimuli
were delivered through pharmacologically dilated pupils using
the Espion ColorDome (DiagnosysLLC, Lovell, MA, United
States), and conformed to international standards. Responses were
recorded using conductive fibre electrodes placed in the lower
conjunctival fornix. Where response parameters (amplitudes and
implicit times as specified by the International Society for the
Clinical Electrophysiology of Vision (ISCEV) standards for fullfield electroretinography) were available for both eyes, these were
averaged. Genotypes were obtained using the Illumina Human
660-Quad array and were imputed up to the 1000 Genomes Project
haplotype. Association testing was performed using a mixed linear
model with electrophysiological parameters as the outcomes and
allelic dosage at this locus (rs524952) as a predictor, adjusting for
age, sex and inter-individual relatedness.
Results: Genotype data and recordings were available from 153
subjects (95% were female; mean (SD) age was 64.3 (9.8) years). Of
the ISCEV parameters for photopic responses, significant associations
were found with the locus of interest for a number of parameters
as follows: photopic 30 Hz flicker peak amplitude (p=0.017) and
implicit time (p=0.026); photopic standard flash b-wave amplitude
(p=0.017) and implicit time (p=0.035). Of the parameters for scotopic
ERGs, no significant associations were found.
Conclusions: The findings suggest associations between cone-driven
(but not rod-driven) retinal electrophysiological parameters and the
genetic polymorphism most strongly linked to myopia. These ERG
parameters derive from cone-driven inner retinal neurons. Axial
length elongation is known to be driven by retinal signalling, and this
novel finding supports the hypothesis that alterations in cone system
signalling may contribute to myopia development.
Commercial Relationships: Omar A. Mahroo, None;
Ambreen Tariq, None; Taha Bhatti, None; Ting Shen, None;
Katie M. Williams, None; Christopher J. Hammond, None;
Pirro G. Hysi, None
Support: Fight for Sight UK; Birdshot Uveitis Society; Thomas
Pocklington Trust; NIHR Biomedical Research Centre for
Ophthalmology at Moorfields Eye Hopsital and the UCL Institute
of Ophthalmology; TwinsUK receives support from the Wellcome
Trust and the NIHR BioResource Clinical Research Facility and
Biomedical Research Centre based at Guy's and St Thomas' NHS
Foundation Trust and King's College London
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MITF alternative splicing isoforms differently regulate cell
proliferation in the retinal pigment epithelium
Xiaoyin Ma. School of Ophthalmology and Optometry and Eye
Hospital, Wenzhou Medical University, City, China.
Purpose: Tissue-specific alternative splicing is an important
mechanism for providing spatiotemporal protein diversity and
functional activity. Microphthalmia-associated transcription factor
(MITF) plays critical roles in RPE cells that has two alternative
splicing isoforms named (+) MITF and (-) MITF. The expression
states and functional roles of (+) MITF and (-) MITF in RPE cells
are poorly understood. The research purpose of this project is to
investigate whether two MITF alternative splicing isoforms play any
roles in cell proliferation in the RPE.
Methods: RPE cell proliferation in Mitf-/- mouse embryos was
carried out by morphological analysis and Ki67 immunostaining. The
expression levels of (+) MITF and (-) MITF were examined by RTPCR in E13.5, P0 and P60 RPE cells in C57BL/6J mice. (+) MITF or
(-) MITF were overexpressed in ARPE-19 and D407 cells using lentivirus infection, and cell proliferation was carried out by cell growth
curve, cell cycle and Ki67 or BrdU immunostaining. Gene expression
profiling was used to examine downstream genes, and ChIP-PCR
and luciferase reporter assay were used to verify the (-) MITF/target
relationship.
Results: RPE cell proliferation was increased in Mitf-/- mouse
embryos. We further showed that MITF two alternative splicing
isoforms dynamically expressed at the different proliferative states
in RPE cells. (-) MITF was lowly expressed in the proliferative RPE
cells while its expression was increased in mature RPE cells that were
out of cell cycle. Interestingly, after mature RPE cells re-entry into
cell cycle, the expression level of (-) MITF was back to a low level.
Functional studies showed that (-) MITF but not (+) MITF inhibits
RPE cell proliferation. Further studies revealed that (-) MITF-6
increased the expression level of a cell proliferation repressor EEDA
through the MSI2 and miR-7 axis. In addition, knockdown of EEDA
in (-) MITF overexpressing ARPE-19 cells led to downregulate the
P21 protein level and partially rescue the cell proliferation.
Conclusions: These results reveal that MITF alternative splicing
isoforms play different roles in RPE cell proliferation. Our findings
provide novel insights into the regulatory mechanisms for RPE cell
proliferation and may also have implications for our understanding of
the roles of the (-) MITF-MSI2-miR-7-EEDA pathway in abnormal
RPE-related proliferative diseases.
Commercial Relationships: Xiaoyin Ma, None
Support: National Natural Science Foundation of China (81570892,
81600748)
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Development and characterization of tissue-engineered choroidal
stromas produced by the self-assembly approach
Aïcha Dede Djigo1, 2, Julie Bérubé1, 2, Stephanie Proulx1, 2.
1
Opthalmologie, Université Laval, Québec, QC, Canada; 2CUOLOEX, CHU de Québec, Québec, QC, Canada.
Purpose: The purpose of this study was to produce and characterize
a tissue engineered (TE) choroidal stroma that could serve as a carrier
for retinal pigment epithelium transplantation.
Methods: Human choroidal fibroblasts (n=8) were cultured during 6
weeks in the presence of ascorbic acid to promote extracellular matrix
(ECM) assembly. Two sheets were stacked, then cultured for another
week. To measure the contractility (n=4), images were taken with a
stereo microscope at 1, 10, 30, 60 and 120 min after a circular cut

(diameter = 10 mm). The percentage of contractility was determined
by using the formula (1 – final area/initial area) *100. ECM
composition (n=4) was analyzed by immunostainings (collagens
and glycoproteins) with native choroids as controls. Thickness of
contracted TE-stromas was assessed on histology cross-sections and
calculated using Image J analysis software (25 measurements per
section, 3 sections per population). Finally, the mechanical properties
of the TE-stromas were evaluated (n=3) using a uniaxial tension test.
The ultimate tensile strength (UTS) was the maximum stress that the
TE-stromas can withstand while being stretched before tearing up,
and the elasticity modulus (E) was the ration of strain to stress.
Results: The contractility assays showed that the TE-stromas
contracted by themselves for 10 min (79.35 ± 7.95%) before
stabilizing. Type I, IV, V, VI collagens, as well as decorin and
tenascin C were found in both TE-stromas and native choroids.
Contracted TE-stromas were 133.44 ± 39.44 μm thick. UTS TE-stromas
was three times as high as the control whereas ETE-stromas was 12 times
as low.
Conclusions: At least a 10 minute-wait should be allowed after
cutting the TE-stroma before grafting, in order to avoid generating
retinal detachment. The composition of ECM proteins of the TEstromas was similar to the native tissue. The two-sheet stromas
were 3 times as thin as the native choroid, which could facilitate the
reestablishment of blood circulation and diffusion of nutrients from
the choroid to the RPE and photoreceptors. Our TE-stromas were
stiffer than native choroid, but they resisted more tension. These
tissue-engineered (TE) stromal substitutes could serve as carriers for
RPE transplantation.
Commercial Relationships: Aïcha Dede Djigo; Julie Bérubé,
None; Stephanie Proulx, None
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Isolation and Transcriptome Analyses of Choroidal
Retinaldehyde Dehydrogenase-2 (RALDH2) Expressing Cells
Jody A. Summers Rada1, Salman Hamid2, Angelica Harper1,
Lynn Forest-Smith3, Jonathan Wren4. 1Dept of Cell Biology, Univ
of Oklahoma Hlth Sci Ctr, Oklahoma City, OK; 2University of
Oklahoma, Norman, OK; 3Saving Sight, Kansas City, MO; 4Arthritis
and Clinical Immunology Research Program, Oklahoma Medical
Research Foundation, Oklahoma City, OK.
Purpose: Choroidal expression of RALDH2 by an unknown cell
type is responsible for all-trans-retinoic acid (atRA) synthesis during
visually guided eye growth. Therefore, the objective of this study is
to identify the cell type(s) responsible for choroidal atRA synthesis in
the chick and human eye.
Methods: Choroidal cells were isolated following digestion of
isolated choroids with collagenase/trypsin. Cells were stained
with Ghost Dye UV 450 (to label non-viable cells), fixed, and
immunolabeled with anti-chick RALDH2 and anti-rabbit IgGAlexafluor 488 (2○ antibody). RALDH2(+) cells were isolated by
fluorescence activated cell sorting (FACS) using gates for Alexfluor
488 and Ghost Dye UV 450. RNA was isolated from the Ghost(-)/
RALDH2(+) cell population as well as from unsorted choroidal
cells, RNAseq libraries were constructed, and transcripts sequenced
using an Illumina MiSeq. Raw data were analyzed using CLC
Genomics Workbench and mapped to the Gallus gallus genome.
The choroidal RALDH2(+) cell transcriptome was analyzed using:
1) the computational algorithm GAMMA, 2) expression of cell-type
specific signature genes, and 3) Ingenuity Pathway Analysis.
Results: Following FACS isolation and RNAseq, a total of 13,579
genes were detected in RALDH2(+) cells; 2131 were upregulated
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(≥ 2 fold) and 589 were downregulated (≤ 0.5 fold), relative
to unsorted cells, (p ≤ 0.01, Baggerley’s Beta-binomial test).
Among the most highly expressed (8,464 – 15,773 RPKM) and
significantly overexpressed (↑6 – 526 fold) genes in the RALDH2(+)
population included: Ig lambda chain-C region; ferritin heavy chain;
apolipoprotein A-1; C-reactive protein; and hemoglobin subunit
gamma-2. GAMMA analyses of overexpressed genes suggests that
RALDH2+ cells resemble T-cells and monocytes. Additionally,
choroidal RALDH2+ cells expressed cell type-specific signature
genes associated with myofibroblasts, smooth muscle cells and
pericytes. RALDH2(+) cells were similarly isolated by FACS from
the choroids of two human eyes, representing approximately 29% of
the total cell population.
Conclusions: Choroidal RALDH2(+) cells can be isolated from the
chick and human choroid and utilized for transcriptome analyses.
At present, it is unclear as to whether these cells are endogenous
choroidal cells or represent a population of cells that migrate into the
choroid from the vasculature or neighboring tissues.
Commercial Relationships: Jody A. Summers Rada, None;
Salman Hamid, None; Angelica Harper, None; Lynn ForestSmith, None; Jonathan Wren, None
Support: National Eye Institute Grant R01 EY09391 (JAS) and pilot
project grant from Saving Sight® (JAS).
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Urocortin in the chicken eye: distribution and origin
Falk Schroedl1, Andrea Trost2, Barbara Bogner2, Christian Runge2,
Daniela Bruckner2, Clemens Strohmaier2, Chea-Su Kee4,
Anja Horn3, Herbert A. Reitsamer2, 5, Alexandra KaserEichberger2. 1Ophthalmology and Anatomy, Paracelsus University
Salzburg, Salzburg, Austria; 2Research Program for Experimental
Ophthalmology and Glaucoma Research, Dept. of Ophthalmology
and Optometry, Salzburg, Austria; 3Dept. of Anatomy, LudwigMaximilians-University, Munich, Germany; 4School of Optometry,
The Hong Kong Polytechnic University, Hong Kong, Hong Kong;
5
Head of Research Program for Experimental Ophthalmology and
Glaucoma Research, Salzburg, Austria.
Purpose: Neuroregulatory peptides are important contributors
in ocular homeostasis, and fulfill multiple functions. The
neuroregulatory peptide urocortin-1 (UCN) has been recently
identified in human eye tissue, but its exact role is unclear. To
establish a possible animal model, in which UCN function can be
studied, we here screen the chicken eye for the presence of UCNinnervation including possible sources of ocular UCN.
Methods: Chicken eyes and cranial autonomic ganglia
(pterygopalatine ganglion, PPG; ciliary ganglion, CIL; superior
cervical ganglion, SCG) were prepared for immunohistochemistry of
UCN, neuronal nitric oxide synthase (nNOS), vasoactive intestinal
peptide (VIP), and vesicular monoamine-transporter 2 (VMAT2). For
documentation, confocal laser-scanning microscopy was applied
Results: In the chicken anterior eye, UCN was detected in corneal
epi- and endothelium and stromal keratinocytes. Few UCN+ stromal
nerve fibres were present. In contrast in the choroid, numerous
UCN+ nerve fibres were detected within the ciliary nerves, most
of which lacking nNOS immunoreactivity, while few co-expressed
nNOS. Many stromal choroidal nerve fibres were UCN+, but lacked
nNOS, VIP, or VMAT2. UCN immunoreactivity was not observed in
perivascular nerve fibers and intrinsic choroidal neurons lacked UCN.
In cranial autonomic ganglia, UCN-immunoreactivity was expressed
in numerous neurons of the SCG and in small and large neurons of
the CIL, but was not detectable in the PPG

Conclusions: UCN is a neuroregulatory peptide in the chicken eye.
While its function in the cornea is not clear, the lack of UCN in the
vascular supply and its presence in choroidal stroma suggests an
impact for stromal non-vascular smooth muscle cells. Since intrinsic
choroidal neurons and neurons of the PPG lacked UCN, and while
a co-localization with VMAT2 (SCG-origin) was not detected, the
main input of choroidal stromal UCN is thought to originate from
the UCN-positive neurons in the CIL. Future functional studies will
clarify the role of UCN in ocular homeostasis.
Commercial Relationships: Falk Schroedl, None; Andrea Trost,
None; Barbara Bogner, None; Christian Runge, None;
Daniela Bruckner, None; Clemens Strohmaier, None;
Chea-Su Kee, None; Anja Horn, None; Herbert A. Reitsamer,
None; Alexandra Kaser-Eichberger, None
Support: Fuchs-Foundation for Research in Opththalmology and
Glaucoma Research
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Shear stress governs choroidal endothelial cell proliferation and
homeostasis
Bradley D. Gelfand1, 2, Senyou An3, 4, Whitney Yu3, Rou Chen3,
Jun Yao4, Jayakrishna Ambati1. 1Ophthalmology, University of
Virginia, Charlottesville, VA; 2Biomedical Engineering, University
of Virginia, Charlottesville, VA; 3Mechanical Engineering, IndianaUniversity Purdue-University Indianapolis, Indianapolis, IN;
4
Science and Technology Department, China University of Petroleum
(Huadong), Qingdao, China.
Purpose: The choroidal vascular network provides critical trophic
support for the avascular outer retina, and therefore is indispensable
for vision. Hemodynamic wall shear stress (WSS), the mechanical
drag imparted on vascular endothelium arising from blood flow,
has profound effects on the physiology of endothelial cells from
different vascular beds, including retinal endothelial cells. However,
the magnitude of WSS in the choroid and extent to which endothelial
cells of the choroid respond to physiologic WSS are unknown.
Methods: Choroidal shear stress was quantified by computational
fluid dynamic modeling of 3D reconstructions of normal human inner
choroid using InVascular, which integrates mesoscale modeling with
GPU (Graphic Processing Units) parallel computing to achieve fast
and reliable numerical results. Physiologic WSS (0-11 dyne/cm2) was
applied to primary and immortalized choroidal endothelial cells with
an orbital shaker and parallel plate cell culture system for durations
ranging from 10 min to 72 h. Functional responses to WSS including
morphologic orientation, proliferation and apoptosis were measured
by morphometry and flow cytometry. Mitogen-activated protein
kinase phosphorylation and expression of KLF2 were measured by
western blotting. CD59 abundance was measured by quantitative
PCR and western blotting. Deposition of the membrane attack
complex (MAC) was measured by stimulation with human serum.
Results: The human inner choroid experiences a wide range of
hemodyanmic WSS. Choroidal endothelial cells exhibited alterations
in morphology, MAPK signaling and KLF2 expression in response
to shear stress. WSS also profoundly inhibited choroidal endothelial
cell proliferation in a dose-dependent manner. WSS reduced CD59
expression and increased susceptibility to MAC deposition.
Conclusions: These findings suggest that WSS is a biologically
relevant stimulus that elicits morphological and homeostatic changes
in choroidal endothelial cells, and may be an important parameter to
understand the biology of the choroidal endothelium in health and
disease.
Commercial Relationships: Bradley D. Gelfand, None;
Senyou An, None; Whitney Yu, None; Rou Chen, None; Jun Yao,
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Endothelial cell-derived Indian Hedgehog targets multipotent
perivascular cells in the adult choroid and prevents retinal damage
Guillermo Lehmann-Mantaras1, Ignacio Benedicto1,
Michael Ginsberg2, Daniel J. Nolan2, Olivier Elemento3,
Arvydas Maminishkis4, Sheldon S. Miller3, Alexandre Wojcinski5,
Alexandra L. Joyner5, Shahin Rafii6, Enrique J. Rodriguez-Boulan1.
1
Ophthalmology, Well Cornell Medical College, New York, NY;
2
Angiocrine Bioscience, Inc., New York, NY; 3Department of
Physiology and Biophysics, Weill Cornell Medical College, New
York, NY; 4Section of Epithelial and Retinal Physiology and Disease,
National Eye Institute, National Institutes of Health, Bethesda, MD;
5
Memorial Sloan Kettering Cancer Center, New York, NY; 6Ansary
Stem Cell Institute, Weill Cornell Medical College, New York, NY.
Purpose: Recent publications support the notion that microvascular
endothelial cells (ECs) constitute tissue-specific instructive niches
key for the maintenance and regeneration of adult organs (Rafii et al,
Nature 2016). This could be relevant to the etiology of Age Related
Macular Degeneration (AMD) as patients with this disease exhibit
choroidal thinning and vascular dropout. Hence, we investigated
whether choroid ECs secrete specific factors that regulate the
homeostasis of the outer retina to test the hypothesis that functional
defects of choroid ECs may be important in the etiology and
pathogenesis of AMD.
Methods: RNAseq analysis of purified choroid, neural retina, liver,
heart and lung ECs from adult mice identified Indian hedgehog
(Ihh) as a gene specifically expressed by choroid ECs. To identify
Hedgehog (Hh)-responding cells, we made use of a reporter albino
Gli1+/eGFP mouse that expresses GFP under the control of the Gli1
promoter. To test the role of choroidal Ihh in retinal function in adult
mice, we generated a tamoxifen inducible EC-specific Ihh KO mouse.
We analyzed visual function by electroretinography and OptoMotor
Response in the absence or presence of moderate retinal stress
induced by low doses of intravenous sodium iodate.
Results: We found that adult choroid ECs express Ihh at 300x higher
levels than all other tested ECs. Immunofluorescence assays on eye
sections from Gli1+/eGFP reporter mice revealed Hh-responding cells
surrounding the choriocapillaris but not around deeper choroidal
blood vessels. Molecular characterization of sorted perivascular
choroid GFP-positive cells and in vitro differentiation assays
suggested a mesenchymal stem cell (MSC)-like identity. EC-specific
Ihh KO mice displayed more severe visual function disruption than
control mice after sodium iodate-induced retinal stress.
Conclusions: Past studies by several laboratories suggest an
association between defects in the Hh-signaling pathway and AMD,
a prevalent and incurable disease affecting the elderly. Here, we
demonstrate the existence of choroidal ECs that express Ihh and
perivascular MSC-like cells expressing Gli1, suggesting a key role of
Ihh in choroid homeostasis. EC-specific Ihh deletion promotes higher
susceptibility to retinal damage, suggesting that disruption of this
Hh-pathway may participate in the onset of AMD.
Commercial Relationships: Guillermo Lehmann-Mantaras, None;
Ignacio Benedicto, None; Michael Ginsberg, Angiocrine Bioscience
(I), Angiocrine Bioscience (E); Daniel J. Nolan, Angiocrine
Bioscience (I), Angiocrine Bioscience (E); Olivier Elemento,
None; Arvydas Maminishkis, None; Sheldon S. Miller, None;
Alexandre Wojcinski, None; Alexandra L. Joyner, None;
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Quantitative OCT Angiography of the Retinal Microvasculature
and the Choriocapillaris in Myopic Eyes
Mayss Al-Sheikh1, 2, Nopasak Phasukkijwatana2, 3, Rosa Dolz-Marco4,
Nicholas A. Iafe2, K Bailey Freund4, 5, Srinivas R. Sadda1,
David Sarraf2, 6. 1Doheny Eye Institute, Los Angeles, CA;
2
Department of Ophthalmology, Stein Eye Institute, Los Angeles,
CA; 3Ophthalmology, Mahidol University, Bangkok, Thailand;
4
Ophthalmology, Vitreous Retina Macula Consultants of New York,
New York, NY; 5Department of Ophthalmology, New York University
School of Medicine, New York, NY; 6Department of Ophthalmology,
Greater Los Angeles Veterans Affairs Healthcare System, Los
Angeles, CA.
Purpose: To study the retinal capillary microvasculature and the
choriocapillaris (CC) in myopic eyes using quantitative optical
coherence tomography angiography (OCTA) analysis.
Methods: 3x3 macular OCTA images were obtained using the
RTVue XR Avanti with AngioVue. Quantitative measurements of the
retinal capillary microvascular layers and the CC were obtained using
en face projection images. Vessel density and fractal dimension of the
superficial and deep retinal capillary plexus, and area and density of
flow reduction in the CC were analyzed, quantified and compared to
an age-matched control group.
Results: Fifty eyes of 28 patients (15 female, 13 male) with myopia
and thirty-four eyes of 20 age-matched healthy individuals were
included. The vessel density and the vessel branching complexity
using fractal dimension of the retinal capillary microvasculature
were significantly lower in myopic eyes (P<0.001 and P=0.001).
The number of flow void areas in the CC was lower (112.04 vs
139.09, P=0.002) but the total and average size was significantly
higher (3.706±0.259 vs 3.592±0.192, P=0.038) compared to the
healthy control group. Average choroidal thickness was less in the
myopic group versus the normal control cohort (123.538±73.477 vs
246.97±41.745, P<0.05) and significantly less in eyes with lacquer
cracks (LC) compared with myopic eyes without LC formation
(P=0.003). There was no correlation between choroidal thickness and
quantitative parameters of the CC in the myopic eyes.
Conclusions: The density of the retinal capillary microvasculature
is reduced and the area of flow deficit in the CC is increased in eyes
with greater myopia. The relevance of microvascular alterations in
the setting of myopia warrants further study.
Commercial Relationships: Mayss Al-Sheikh, None;
Nopasak Phasukkijwatana, None; Rosa Dolz-Marco, Alcon,,
Bayer, Heidelberg Engineering, Allergan, Novartis, Thea (F);
Nicholas A. Iafe, None; K Bailey Freund, Genentech, Optos,
Optovue, Heidelberg Engineering, and Bayer HealthCare (C);
Srinivas R. Sadda, Optos, Carl Zeiss Meditec, Allergan, Genentech,
Thrombogenics, Novartis, and Iconic (C), Optos, Carl Zeiss Meditec,
Allergan and Genentech (F); David Sarraf, Allergan, Heidelberg,
Regeneron, Genentech and OptoVue (F), Novartis and Optovue,
Bayer and Genentech (C)
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Effect of Myopia on the Macular Vessel Flow Density in Eyes
Using Optical Coherence Tomography Angiography
Yasir Jamal J. Sepah1, 2, Muhammad Hassan1, Muhammad S. Halim1,
Mohammad A. Sadiq1, Rubbia Afridi1, Diana V. Do1, 2,
Quan D. Nguyen1, 2. 1Ophthalmology, Byers Eye Institute- Stanford
University, Palo Alto, CA; 2Ocular Imaging Research and Reading
Center, Menlo Park, CA.
Purpose: Vessel flow density (VFD) around the fovea in eyes with
myopia using OCT angiography (OCTA) has not been reported in
literature. The index study investigates the effect of myopia on the
VFD in the macular region using OCTA.
Methods: Optovue RTVue XR 100 AVANTI was used to capture
OCTA images of 12 myopic and 12 emmetropic eyes. 3x3mm grid
centered on the fovea was chosen to scan the parafoveal region.
ReVue software (Version: 2015.1.0.71) was used to measure VFD in
the regions of interest (ROI). In the macular ROI, VFD was measured
in 5 sectors within the inner 2 circles of grid derived from the ETDRS
grid (Figure 1A). The mean VFD in the parafoveal and foveal region
was correlated with the spherical equivalent in subjects with myopia.
The mean VFD in the macular sectors of the myopic eyes were also
compared to that of emmetropic eyes.
Results: 12 myopic (mean spherical equivalent: -4.97±1.98) and
12 emmetropic eyes were analyzed (mean age: 33 and 28 years,
respectively). Mean VFD in the macular sectors of myopic subjects
was 44.2 (±1.9) and 45.6 (±2.4)% and the emmetropic subjects was
42.8 (±6.1) and 45.8 (±6.8)% in superficial and deep retinal plexus,
respectively. A negative correlation was found between spherical
equivalents of myopic eyes and mean VFD in the parafoveal region
at both the superficial and deep plexuses (p<0.05) (Figure 1B and
1C). There was no correlation between spherical equivalent and
VFD in the foveal region. Table 1 provides a comparison of mean
VFD between myopic and emmetropic eyes. Mean VFD in myopic
eyes was found to be significantly lower in the parafoveal region of
the deep vascular plexus (p=0.03). This was more significant in the
parafoveal nasal and temporal region.
Conclusions: Mean VFD in myopic eyes is lower in the parafoveal
deep vascular plexus compared to emmetropics. Additionally, an
increase in spherical equivalent of myopic eyes is correlated with
a decrease in parafoveal VFD, which may predispose the eyes to
neovascularization.

Figure 1A: Macular sectors for VFD analysis: A: Fovea; B: Superior;
C: Nasal; D: Inferior; E: Temporal; B-E: Parafoveal Region. 1B and
1C: Scatter plots depicting correlation between VFD and spherical
equivalent of subjects with myopia in superficial (1B) and deep (3B)
plexuses in parafoveal region.

Table 1. Comparison of VFD between myopics and emmetropics.
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Longitudinal Evaluation of Choroidal Thickness and Ocular
Perfusion Pressure in Progressing Myopes, Baseline Data
Jason Ning1, Nabin Joshi1, Rachel Franchi-Pereira2,
Alexandra Benavente-Perez1. 1State University of New York College
of Optometry, Bridgewater, NJ; 2Fordham University, New York, NY.
Purpose: To investigate the relationship between myopia
progression, choroidal thickness changes and ocular perfusion
pressure (OPP) in healthy myopes with no degenerative fundus
changes.
Methods: In an ongoing longitudinal study of progressing myopes
(0.50D change within past 2 years) aged 21-40, visual acuity,
refractive error (ShinNippon K 5001), axial length (Lenstar),
choroidal thickness (subfoveally and 750μm, 1500μm, and 2250μm
nasal, temporal, inferior, and superior; Spectralis EDI-OCT), blood
pressure (BP, Omron HEM-705CP), and intraocular pressure (IOP,
Canon T-2 NCT) were measured between 3-5pm to control for
circadian rhythm effects. Ocular perfusion pressure (OPP) was
calculated as OPP = 2/3 * (Mean Arterial Pressure – IOP).
Results: Fifteen participants have been recruited to date (2m, 13f;
23.47±1.18 years; -4.79±-2.28D). On average the choroid was thinner
on the nasal retina, followed by the temporal, subfoveal, inferior and
superior quadrants (p<0.001). Choroidal thickness in all three nasal
locations decreased significantly with increasing axial length (all
p<0.05). In low and moderate myopes with axial lengths less than
26mm, OPP increased with decreasing choroidal thickness at the
most eccentric location of the inferior quadrant (R2=0.51, p<0.05),
and followed the same trend on the nasal (R2=0.36, p=0.08) and
subfoveal regions (R2=0.39, p=0.07).
Conclusions: Our preliminary data suggest that the nasal choroid
thins significantly with increasing axial length. In low and moderate
myopes with shorter axial lengths, but not in high myopes, OPP

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
increases as the peripheral inferior, nasal and subfoveal choroidal
thickness decreases. These early vascular anatomical and functional
differences between moderate and high young myopes need
to be evaluated longitudinally and may represent a marker for
the development of posterior pole complications with myopia
progression.
Acknowledgements: Dr. Kathryn Richdale for extending SUNY
CVRC’s services and Lenstar biometer to us.
Dr. Suresh Viswanathan for allowing us to use the Heidelberg
Spectralis OCT for choroidal measurements.
Ann Nour and Tobin Ansel for technical assistance and guidance
throughout the project.
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Choroidal Structure and Relation to Responses to Imposed
Defocus in Young Guinea Pigs
Liqin Jiang, Christine F. Wildsoet. School of Optometry, University
of California, Berkeley, CA.
Purpose: We previously reported on two strains of guinea pigs, Elm
Hill (EH) and New Zealand (NZ), which vary in their sensitivity to
myopia-inducing stimuli and their choroidal responses to +5 and
- 5 D defocusing lenses. Curiously, only EH animals, which were

shown to be less sensitive to myopiagenic stimuli (Garcia et al. 2015
ARVO), showed bidirectional choroidal responses after four days of
lens wear (Jiang et al. 2016 ARVO). To further explore these straindependent differences, we tested lower lens powers in much younger
guinea pigs and also examined choroidal structures in more detail.
Methods: Eleven day-old pigmented guinea pigs were used (NZ
strain, n=8 and EH strain, n=12). Choroidal thickness and refractions
were measured using high frequency A-scan ultrasonography and
retinoscopy without cycloplegia respectively, both under anesthesia,
both at baseline and 1 and 5 days after left eyes were fitted with -2
or +2 D lenses; right eyes wore plano lenses as controls. Choroidal
structures were also evaluated using posterior segment SD-OCT
(Bioptigen) in age-matched adult guinea pigs.
Results: Young EH guinea pigs have significantly thicker choroid
than the NZ animals (NZ vs EH, 11 days old: 125±71 vs. 144±26
μm, p<0.05). After just one day of lens treatment, EH animals
showed bidirectional responses (minus: -20.2±0.56 µm, n=5; plus:
6.86±12.05 µm, n=7, p<0.05), while NZ animals showed choroidal
thinning with both minus and plus lenses (-6±8.72 vs. -7.75±6.99 µm,
n=4 resp.). After four days of lens wear, both NZ and EH showed
bidirectional response patterns, although EH animals showed greater
choroid thinning than NZ ones with -2 D lenses (EH: -21.6±4.43
µm, n=5; NZ: -8±8.98 µm, n=4, n.s.). OCT images suggest better
well-defined choroidal layering in EH compared to NZ animals
to (putative Haller’s layer, indicated by stars, and Sattler’s layer,
indicated by black arrows).
Conclusions: Chorioidal thickness and structural differences
appear linked to differential responses to imposed optical defocus,
with thicker choroids showing more capacity to thin, perhaps also
contributing to myopiagenic protection.
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Wide-field choroidal thickness in myopes and emmetropes
Hosein Hoseini-Yazdi, Stephen Vincent, Michael J. Collins,
Scott A. Read, David Alonso-Caneiro. School of Optometry and
Vision Science, Queensland University of Technology, Brisbane,
QLD, Australia.
Purpose: There is limited information regarding the choroidal
thickness (CT) characteristics beyond the central macular region
(central 17°) and how the peripheral CT is affected by myopia.
This prospective study examined the topographical CT profile over
the central 55° of the retina in healthy myopic and emmetropic
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adults with enhanced depth imaging wide-field optical coherence
tomography (WFOCT).
Methods: The right eye of 13 emmetropic and 11 myopic adults who
were matched for age (mean age 27 ± 5 years) and sex (54% male)
underwent WFOCT choroidal imaging using the Spectralis device (a
55° wide × 45° high horizontal volumetric protocol with 37 B-scans),
controlling for the time of day. Using a semi-automated procedure,
CT was measured over the macular region including the fovea (FCT),
parafovea (PaFCT), and perifovea (PeFCT), and the peripheral
region including the near-periphery (NPCT), mid-periphery (MPCT)
and far-periphery (FPCT) across common points (Figure 1). The
anatomical variation in the disc-fovea angle and variations in the
transverse magnification of the B-scans due to individual ocular
dimensions were taken into account.
Results: °For both myopes and emmetropes, significant
topographical variations in CT were observed, with the choroid
progressively thinning beyond the parafovea (365 ± 80 µm) towards
the far-periphery (257 ± 36 µm), and being thickest in the superior
quadrant (361 ± 64 µm) and thinnest in the nasal quadrant (291 ± 71
µm) (all p < 0.05). The CT profile was also influenced significantly
by refractive error (p < 0.05). While myopes exhibited a significantly
thinner macular and near-peripheral choroid than emmetropes (FCT:
322 ± 81 v 422 ± 81 µm, PaFCT: 317 ± 81 v 413 ± 81 µm, PeFCT:
308 ± 74 v 390 ± 74 µm, NPCT: 290 ± 60 v 346 ± 60 µm) (all p
< 0.05), there was no significant difference in CT associated with
refractive error in the two outermost peripheral regions (all p > 0.05)
(Figure 2). The meridional variations in CT were not associated with
myopia (p > 0.05).
Conclusions: Across a 55° field, the choroid was thickest within the
parafoveal zone and attenuated substantially towards the periphery.
Significant differences in CT associated with myopia were found
to be largely confined to the central 27 macular and near-peripheral
zones.

Illustration of the examined choroidal regions following the discfoveal angle adjustment

Wide-field CT profile in myopes and emmetropes as a function of
retinal eccentricity
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Prevalence of a suprachoroidal space on EDI-OCT in
11-12-year-old Danish children
Mathias Hvidtfelt1, 2, Xiao Qiang Li1, Joao N. Duarte1, Inger
Christine Munch3, 2, Michael Larsen1, 2. 1Department of
Ophthalmology, Rigshospitalet-Glostrup, Glostrup, Denmark;
2
University of Copenhagen, Faculty of Health and Medical Sciences,
Copenhagen, Denmark; 3Zealand University Hospital, Department of
Ophthalmology, Roskilde, Denmark.
Purpose: There is limited information about the presence of a
suprachoroidal space in man and the extent to which it is open or
closed in the healthy eye. It is of interest for the utilization of the
suprachoroidal space for drug delivery to find out whether it is a
constant or fluctuating feature and whether the lack of a visible
suprachoroidal space on optical coherence tomography (OCT) scans
means that it cannot be opened in response to disease or injection
of fluid. We have investigated its presence on OCT in healthy
11-12-year-old children.
Methods: 250 children from the Copenhagen Child Cohort 2000
Study were randomly selected for inclusion. None had a history of
ophthalmological disease and all had best corrected visual acuity of
80 ETDRS letters or better. Six were excluded due to missing OCT
scans. A fovea-centered, seven-line horizontal set of enhanced-depth
imaging scans, 30 by 5 degrees set 240 µm apart, was used for
evaluation. Presence of a suprachoroidal space was registered when a
hyporeflective line was seen to demarcate the transition between the
choroid and the sclera over a distance of minimum 500 µm (Fig). The
space should be visible over at least two adjacent lines. Each eye of
a given individual was assessed independently twice in random order
by the same grader. To provide a reference from an older age group,
OCT scans from 101 patients from a medical retina clinic were also
reviewed.
Results: In the 11-12-year-old children, 5.7 (CI95 2.8 - 8.7) % of
right eyes and 4.9 (CI95 2.2 - 7.7) % of left eyes had a suprachoroidal
space, 8.2 (CI95 4.7 - 11.7) % of the children had a suprachoroidal
space in at least one eye and 2.5 (CI95 0.5 – 4.4) % in both eyes. The
spaces appeared as pockets rather than continuous spaces and 77 %
were seen temporal of the fovea. Intragrader kappa values were 0.73
in left eyes and 0.77 in right eyes. The medical retina patients had a
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mean age of 59.2 (SD±16.0) years and 71.3 % of the patients showed
a suprachoroidal space in at least one eye.
Conclusions: An open suprachoroidal space on enhanced-depth
imaging OCT is a rare finding in healthy children occurring in only
8.2 % of subjects and mostly in the form of pockets rather than
continuous spaces. This is in striking contrast to a suprachoroidal
space being visible in the majority of adult patients from a medical
retinal clinic.

Suprachoroidal space visible on optical coherence tomography scan
temporal of the fovea.
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Characterization of the Dynamics of Liquid and Gel Spread in
the Suprachoroidal Space of Enucleated Porcine Eyes
Jesse Yoo, Vladimir Zarnitsyn, Samirkumar R. Patel, Glenn Noronha.
Engineering, Clearside Biomedical Inc., Atlanta, GA.
Purpose: To characterize the dynamics of liquid and gel spread of
suprachoroidal injections delivered via microneedles in enucleated
porcine eyes.
Methods: Physicochemical formulations were delivered using a
microneedle. Enucleated porcine eyes were acclimated to room
temperature (~22 C) with intraocular pressure (IOP) stabilized
to 17±2 mmHg prior to injections. 1% Seakem LE agarose
solution (solidifying @ <37 C) was heated to ~100 C and injected
suprachoroidally at volumes ranging from 5 µL to 200 µL. Eye
samples were dissected and analyzed two (2) minutes post-injection.
Dimethyl sulfoxide (DMSO) was injected suprachoroidally at room
temperature (~22 C) with volumes ranging from 1 µL to 10 µL.
Eye samples in this test group were immediately frozen to -36 C for
approximately 5 minutes and dissected post-injection for analysis.
Ultraviolet (UV) fluorescent particles were added to each formulation
batch prior to injections to enhance visualization of spread. Image
analysis was performed to characterize and quantify spread of
physicochemical formulations in a gel state.
Results: Area of gel coverage ranged from 0.1 cm2 to 2.1 cm2 in
agarose injections, volumes ranging from 5 µL to 200 µL. Injections
<50 µL resulted in roughly symmetrical spread profiles, but displayed
more circumferential spread as injection volume increased to ≥50
µL. Average gel thickness calculations ranged between 0.4 mm to
1 mm with the assumption of uniform gel thickness. Gel coverage for
DMSO was observed to occupy a larger area compared to that seen
from agarose with 0.1 cm2 to 0.8 cm2 ranges in spread for 1 µL to
10 µL injection volumes.
Conclusions: Spread profiles of physicochemical formulations
delivered suprachoroidally were captured within seconds after
injection. SCS injections with Seakem LE agarose displayed more
circumferential spreading at injection volumes greater than 50 µL
which may be due to the anatomical landscape of the SCS. Higher
spread coverage seen in DMSO may be attributable to a relative

lower viscosity. This study shows that formulations can cover as large
as a few squared centimeters in area within a few seconds of SCS
delivery. Less viscous formulations may be capable of occupying
larger areas of spread compared to more viscous formulations when
delivered suprachoroidally.
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Suprachoroid structure and its role in uveoscleral outflow
Andrey Zolotarev, Elena Karlova. Ophthalmology, Samara State
Medical University, Samara, Russian Federation.
Purpose: Due to lack of sufficient suprachoroid morphology data
there is a controversy regarding the mechanism of fluid flow along
uveoscleral pathway. We performed an experimental study of autopsy
donor eyes to identify structures possibly involved in fluid passage
along the suprachoroidal space.
Methods: We used 16 autopsy donor eyes from local eyebank with
no any visible ophthalmopathology. Donors’ age ranged from 24 to
37 years. 10x25 mm scleral strip was removed from limbus towards
posterior pole of the eye. We used irrigation with balanced salt
solution in different directions to observe flow-induced movement
of suprachoroidal lamellae. 3D-videorecording and in-vitro optical
coherence tomography were used for visualization and registration.
Results: Exposed suprachoroid looked like gentle pigmented veil
smoothly covering the surface of choroid. Alternate fluid flow
revealed a multi-layered three-dimensional structure of suprahorioid
which is composed of multiple interconnected “choroid-based flaps”
forming posteriorly opened pockets. Irrigation flow directed from
posterior pole towards the limbus inflated these pockets. Reverse flow
pressed lamellae back to choroid and collapsed the pockets.
Conclusions: Valve-like stucture of suprachoroid can be responsible
for fluid passage along the uveoscleral outflow pathway.

Irrigation of exposed suprachoroid from limbus towards posterior
pole. Suprachoroidal pockets are collapsed. Still image and OCT
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Reverse irrigation of exposed suprachoroid from posterior pole
towards limbus. Suprachoroidal pockets are full. Still image and OCT
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Second-harmonic generation imaging of scleral collagen fibers in
myopic mice
Deng Pan, Lue Xiang, Chun-Yun Feng, Zi-Bing Jin. Lab for Stem
Cell & Retinal Regeneration, The Eye Hospital, Wenzhou Medical
University, Wenzhou, China.
Purpose: Lines of evidences showed an evolvement of scleral
collagen fibers in myopic condition, however currently we do not
have direct imaging of collagen fibers in sclera. Altered collagen
fibers were hard to observe in induced high myopia of short duration.
We aimed to develop a label-free optical imaging method, secondharmonic generation (SHG), to measure thickness and arrangement
changes of scleral collagen fibers in a mouse model.
Methods: Both wildtype and model mice were used in this studies.
Retina, choroid and sclera were carefully peeled down and fixed
in 4% paraformaldehyde in PBS overnight. The resulting samples
were embedded in paraffin and sectioned at a thickness of 12 μm.
SHG image were performed using a Zeiss LSM 710 nonlinear
optics, multiphoton microscope with collagens excitation at 780 nm.
The imaging details, scleral collagens thickness and preferred fiber
orientation, of all of sclera areas were measured.
Results: SHG imaging showed that the scleral collagens thickness
was thinner in myopic mice (p<0.05). Preferred fiber orientations
were also differed (p<0.05), collectively indication the successful
imaging of scleral fibers.
Conclusions: SHG imaging for scleral collagens proved efficient in
quantitative analyzing collagens thickness and fiber orientations in
the myopia model, which is potentially useful for imaging of sclera, a
non-transparent tissue.
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Bidirectional Changes in Type IV Collagen mRNA Expression
in the Retina after Lens-Induced Myopia and Recovery in the
Guinea Pig
Lena Fuchs1, Marita P. Feldkaemper2, Sally A. McFadden1. 1School
of Psychology, University of Newcastle, Newcastle, NSW, Australia;
2
Centre for Ophtalmic Research, University of Tuebingen, Tuebingen,
Germany.
Purpose: Collagen is the main structural protein in the ECM and
the development of high myopia is associated with reduced scleral

collagen accumulation. However collagen also occurs throughout
other ocular structures including Bruch’s and basement membranes
and vessel walls in the retina (Marshall GE, Konstas AGP, Lee WR,
1993). Various collagens also contribute to vitreoretinal adhesion.
We studied the expression of several of the collagens in the retina of
myopic guinea pigs which is largely avascular, and report here the
changes observed in Type IV Collagen (COL4A4).
Methods: Myopia was induced in one eye in 21 guinea pigs wearing
a -5D spectacle lens from 4 days of age for 11 days. Whole retinas
were extracted from both eyes at 15 days of age: after 11 days
of lens-wear (myopia group, N=8); or after 11 days of lens-wear
followed by 48 or 96 hrs of recovery (N=7 and N=6 respectively).
Fellow eyes served as matched controls and were compared to an
age-matched untreated group (N=6). Refractive error was measured
in cyclopleged eyes on day 14 to confirm the degree of induced
myopia. Semi-quantitative real-time PCR was used to quantify
mRNA levels of Col4A4 in whole retina, using Beta-Actin as a
reference gene.
Results: Results: The mean difference in refractive error between
the lens-treated and untreated eyes in the 21 animals was -6.2D
(p<0.001). There was no difference in mean normalised expression
(MNE) of mRNA for COL4A4 between eyes that recovered 96 hr
from myopia and their fellow eyes (0.072 Vs. 0.062 respectively,
p=0.67); or between fellow eyes and eyes from untreated animals.
However, the MNE of COL4A4 was lower after 11 days of myopia
(myopic: 0.067, fellow: 0.083, p<0.003) and tended to be higher
after 2 days of recovery compared to fellow eyes (0.083 Vs. 0.074
respectively, p<0.08).
Conclusions: Conclusion: Collagen changes are not confined to the
sclera in myopia, as we found down regulation of Type IV collagen
in myopic guinea pig retina. This is consistent with the observed
association of the gene for the laminin α2 subunit with human
myopia (Verhoeven VJ, et al., 2013), since strong binding occurs
between Type IV collagen and laminin. Collagen IV is associated
with basement membranes, and its downregulation may be involved
in the association between retinal detachment and myopia.
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Study of retina and choroid biological parameters of rhesus
monkeys eyes on scleral collagen cross-linking by riboflavin and
ultraviolet A
Mingshen Sun1, Fengju Zhang1, Bowen Ouyang1, Mengmeng Wang2.
1
Beijing Tongren Hospital, Beijing, China; 2Hebei Provincial Eye
Hospital, Hebei, China.
Purpose:
Controversy exists regarding the safety of scleral collagen crosslinking(CXL) by riboflavin/ultraviolet A(UVA). In this study,
retina and choroid biological parameters were observed on rhesus
monkeys eyes to evaluate the biological changes in early period
postoperatively of scleral CXL by riboflavin/UVA on rhesus monkeys
sclera.
Methods: Four 3-year-old male rhesus monkeys(8 eyes) were
observed in this study, with scleral CXL procedures applied on
superior temporal equatorial sclera on random eyes of all rhesus.
CXL was performed with topical riboflavin solution (0.1%) followed
by irradiation with ultraviolet A (370nm, 3mW/cm2) for 30 min.
Optical coherence tomography (OCT) examination was performed
before and 1 week, 1 month and 3 months after the CXL operation.

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
The thickness of retina and choroid were analyzed by 9 parts
(1, 3, 6 mm ETDRS) and 7 parts (500, 1000, 1500μm to central
fovea of macula) respectively, to evaluate changes of retina and
choroid biological parameters in different regions after CXL. The
data between cross-linked and untreated control eyes were compared
using paired samples t-test.
Results:
As for retina parameters, only the thickness of inner temporal
part of retina in CXL eyes revealed a significant reduction in
1 week postoperatively(P=0.022). While the thickness of CXL
eyes subsequently increase from 1 month postoperatively, and no
statistical difference was noted between CXL eyes and control eyes
in 1 month and 3 months(P>0.05). Among choroid parameters, the
average thickness of 500μm temporally to central fovea of macula
part of choroid in CXL eyes revealed a significant reduction in
1 week postoperatively(P=0.017). In 1 month postoperatively,
the average thickness of 1500μm temporally to central fovea
of macula part of choroid in CXL eyes revealed a significant
reduction(P=0.026). While the thickness increase gradually from
3 months postoperatively, and no statistical difference was noted
between CXL eyes and control eyes (P>0.05).
Conclusions: The thickness of retina and choroid may be affected
in crosslinked region in early period postoperatively, but it might
recover gradually after 3 months. There is no significant change on
retina and choroid biological parameters of non-crosslinked region.
Further study should be performed to evaluate the long-term effect of
scleral CXL in clinical application.
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Morphological changes of scleral fibroblasts in a murine lensinduced myopia model
Shin-cihi Ikeda1, 2, Toshihide Kurihara1, 2, Xiaoyan Jiang1, 2,
YASUHISA TANAKA1, 2, Kiwako Mori1, 2, Maki Miyauchi1, 2,
Hidemasa Torii1, 2, Kazuo Tsubota2. 1Laboratory of Photobiology,
Keio University School of Medicine, Tokyo, Japan; 2Department of
Ophthalmology, Keio University School of Medicine, Tokyo, Japan.
Purpose: A scleral remodeling is required for axial length elongation
in the myopia development; however, the cellular components and
the molecular mechanisms in the scleral remodeling have not well
known. In this study, we tried to uncover the biological changes in
the sclera especially focusing on the morphology in scleral fibroblasts
during myopia development.
Methods: Male C57BL/6J mice (3 weeks old, n=5) were subjected
to wear -30 diopter (D) lens on right eye and 0 D lens on left eye,
respectively. After 3 weeks wearing, the refraction and the axial
length were measured using a refractometer and a SD-OCT system
in both eyes. After the measurements, eye balls were enucleated and
fixed by 2.5 % glutaraldehyde in PBS to be prepared for ultra-thin
sections, and observed with transmission electron microscopy (TEM).
Results: TEM observation revealed that mouse sclera was mostly
composed of collagen fibers and fibroblasts. Minus lens-worn eyes
showed a refractive error shift (means ± standard deviation, 0D
eyes: 1.10±1.24 D, -30D eyes: -13.44±5.75 D) and an axial length
elongation (delta increase of axial length, 0D eyes: 0.09±0.02 mm,
-30 D eyes: 0.26±0.07 mm) indicating a successful induction of
myopia in C57BL6J mice. In 0 D lens-worn eyes, fibroblasts have
rich mitochondria and rough endoplasmic reticulum (rough-ER).
On the other hand, in -30 D lens-worn eyes, expanded ERs were
observed in a large number of fibroblasts suggesting that ER stress
may be induced in myopic sclera. Furthermore, intercellular contacts

(macrophage-fibroblast, fibroblast-fibroblast) were observed in lensinduced myopic sclera especially in the inner lesion.
Conclusions: In myopic sclera, scleral fibroblasts showed 1) an
enhanced ER stress appearance and 2) an increase in intercellular
contacts. These phenotypical changes might be associated with the
mechanism of the myopia development.
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Culture of Guinea Pig Limbal Epithelial Stem Cells in Three
Different Media
Jiexi Zeng1, 2, Yan Zhang1, Grace M. Chuang1, Christine F. Wildsoet1.
1
School of Optometry, University of California, Berkeley, CA;
2
Ophthalmology, 2nd Xiangya Hospital, Changsha, China.
Purpose: Limbal epithelial stem cells (LESCs) are a tissue-specific
stem cells located in the limbal palisades of Vogt at the corneo-scleral
junction of the eye. It has been previously shown that LESCs can be
converted to both corneal epithelial cells and corneal keratocytes.
Our interest is in whether LESCs can be used as a source of scleral
fibroblasts, for treatment of high myopia, the first step being to isolate
LESCs from our guinea pig model of myopia.
Methods: Limbal tissue, harvested from 1-4 year-old guinea pigs,
was dissected to isolate superficial layers, which were then subjected
to a two-step enzyme digestion using Dispase II and Trypsin-EDTA.
Cell suspensions were expanded ex vivo on fibronectin-coated cell
culture plates in one of three different media: Dulbecco’s modified
Eagle’s medium (DMEM) with 10% fetal bovine serum (FBS),
serum-free keratinocyte medium (KSFM), or KSFM with 10%
FBS. Immunolabelling with p63a, a nuclear transcription factor
and ABCG2, another putative marker of stem-ness, was used to
distinguish LESCs from other cell types. Effects on cell morphology
proliferation and viability were also evaluated.
Results: Guinea pig LESCs were successfully isolated and cultured
in three different media. After one week of culture, there was no
significant difference in total cell numbers, density and viability
related to the culture medium used. However, after another week (day
14), the yield of LESCs was much higher with KSFM compared to
DMEM+FBS and KSFM+FBS. With the KSFM medium, most cells
exhibited epithelial cell-like morphology, with positive staining of
nuclei for p63α and cell membranes/bodies for ABCG2.
Conclusions: A simple, reproducible method for isolating, culturing
and characterizing guinea pig LESCs was developed. Our next
step will be to attempt conversion into scleral fibroblasts for
transplantation into a guinea pig myopia model.
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