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Presentation Time: 3:45 PM–4:00 PM
Early mitochondrial fragmentation in retinal endothelial cells 
and vascular dysfunction in ocular hypertension glaucoma
Jorge Luis Cueva Vargas1, Yoko Ito1, Ariel M. Wilson2, 
Christine Vande Velde1, Przemyslaw Mike Sapieha2, Adriana Di 
Polo1. 1Neuroscience, University of Montreal Hospital Research 
Center, Montreal, QC, Canada; 2Ophthalmology, Maisonneuve-
Rosemont Hospital Research Center, Montreal, QC, Canada.
Purpose: Vascular dysfunction has been proposed to contribute to the 
pathogenesis of glaucoma.
Early metabolic stress in retinal endothelial cells is predicted to have 
harmful effects on the integrity of the neurovascular unit and might 
compromise vascular homeostasis. Here, we tested the hypothesis 
that ocular hypertension triggers early mitochondrial alterations in 
endothelial cells impairing the integrity of the blood-retinal-barrier 
(BRB) in glaucoma.
Methods: Ocular hypertension was induced by injection of magnetic 
microbeads into the anterior chamber of EndoMito-EGFP mice, a 
strain expressing GFP selectively in the mitochondria of endothelial 
cells. Capillary density, mitochondrial volume, and the number of 
mitochondrial components from glaucomatous and control retinas 
were 3D-reconstructed and quantified using Imaris (Bitplane). The 
expression of dynamin-related protein (DRP-1), mitofusin-2  
(MFN-2) and optic atrophy-1 (OPA-1) was assessed by western blot 
analysis of primary endothelial cells. Mitochondrial structure was 
evaluated by transmission electron microscopy (TEM) and their 
oxygen consumption rate was monitored by Seahorse analysis.  
The integrity of the BRB was quantified using Evans blue.
Results: Our data demonstrate a significant decrease in total 
endothelial cell mitochondrial volume at two and three weeks 
after induction of ocular hypertension (108 ± 5 µm3 or 93 ± 7 µm3, 
respectively) relative to non-injured naïve retinas (140 ± 2 µm3) 
(mean ± S.E.M x 10-3, ANOVA p <0.001, N=6/group). Frequency 
distribution analysis showed a substantial increase of smaller 
mitochondrial complexes (<0.5 µm3) in endothelial cells from 
glaucomatous retinas. Significant upregulation of DRP-1 was found 
in vessels isolated from hypertensive retinas compared to naïve 
controls, while MFN-2 and OPA-1 remained unchanged. Pathological 
alterations in the mitochondrial outer membrane and cristae were 
confirmed by TEM, and were accompanied by a 2-fold reduction in 
the oxygen consumption rate (n=3-6/group). Structural changes in 
endothelial cell mitochondria correlated with a 2.6-fold increase in 
BRB leakage in glaucoma relative to controls (N=4/group, P<0.01).
Conclusions: Our data demonstrate that ocular hypertension 
triggers early structural and molecular alterations in endothelial cell 
mitochondria leading to vascular dysfunction in glaucoma.
Commercial Relationships: Jorge Luis Cueva Vargas, None; 
Yoko Ito, None; Ariel M. Wilson, None; Christine Vande Velde, 
None; Przemyslaw Mike Sapieha, None; Adriana Di Polo, None
Support: CIHR

Program Number: 2018
Presentation Time: 4:00 PM–4:15 PM
Altered potassium homeostasis in glaucoma and significance for 
retinal ganglion cell health
Rachel Fischer2, Roman Lazarenko1, Qi Zhang1, 
Rebecca M. Sappington1, 3. 1Department of Pharmacology, Vanderbilt 
University, Nashville, TN; 2Vanderbilt Pharmacology Graduate 
Program, Vanderbilt University, Nashville, TN; 3Vanderbilt Eye 
Institute, Vanderbilt University Medical Center, Nashville, TN.
Purpose: Degeneration of retinal ganglion cells (RGCs) in 
glaucoma is spatially heterogeneous. We tested the hypothesis that 
heterogeneous degeneration is reflected in RGC physiology and 
related cation homeostasis.
Methods: Intraocular pressure (IOP) was elevated bilaterally in 
C57Bl/6 mice, using the microbead occlusion model. Control mice 
received equivalent, bilateral injections of saline. After 4 weeks 
IOP elevation, the neural tracer cholera toxin beta (CTB) was 
injected intra-vitreally to assess the degenerative state of RGCs. 
Single-cell, current clamp recordings were performed on CTB+ 
RGCs and the amplitude and frequency of spikes at +20pA current 
steps was correlated with degree of CTB uptake. To examine cation 
homeostasis, we assessed cation channel expression and localization 
in retina from microbead- and saline-injected eyes, using western 
blot and immunohistochemistry, respectively. To examine pressure-
induced changes in cation flux specifically in RGCs and Müller 
glia, we exposed primary, purified cultures to elevated hydrostatic 
pressure for 48 hours and measured both the concentration of cations 
in culture media (inductively-coupled plasma mass spectrometry) and 
cation flux (Thallium flux imaging).
Results: Retina from microbead eyes exhibited heterogeneous uptake 
of CTB by RGCs, where areas of high to low CTB labeling were 
detected within a single retina. RGCs with low CTB uptake exhibited 
decreased ability to maintain the frequency and amplitude of spikes 
with increasing current applied. The current threshold for deficits 
in spike frequency and amplitude positively correlated with CTB 
intensity. Immunolabeling intensity for both TASK-1 and TREK-2 
K+ channels substantially decreased in Müller glia and RGCs from 
microbead retinas, as compared to controls. In primary cultures of 
purified RGCs and Müller glia exposed to elevated pressure, the 
extracellular K+ concentration increased by 75% and 12% (p=0.001), 
respectively. Correspondingly, cation conductance diminished by 8% 
(p=0.03) and 5% (p=0.007) in Müller glia and RGCs, respectively.
Conclusions: These data indicate the potential for disruption of K+ 
homeostasis in glaucomatous retina that is likely mediated by altered 
cation conductance in Müller glia and RGCs. Localized changes in 
cation homeostasis could underlie electrophysiological impairment in 
RGCs with the potential to propagate this dysfunction to neighboring 
RGCs.
Commercial Relationships: Rachel Fischer, 
None; Roman Lazarenko, None; Qi Zhang, None; 
Rebecca M. Sappington, None
Support: T32 Training Grant EY007135-22 (RAF), National Eye 
Institute; RO1EY020496 (RMS) and P30EY08126 (VVRC), National 
Eye Institute; Career Development Award (RMS) and Unrestricted 
Departmental Award (VEI), Research to Prevent Blindness

Program Number: 2019
Presentation Time: 4:15 PM–4:30 PM
Loss of OFF vs. ON bipolar cell axon terminals in an 
experimental model of glaucoma
Yvonne Ou1, Rebecca Jo1, Luca Della Santina2. 1Ophthalmology, 
University of California, San Francisco, San Francisco, CA; 
2University of Pisa, Pisa, Italy.
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Purpose: We previously demonstrated that ganglion cells with 
dendrites stratifying in the OFF sublamina of the inner plexiform 
layer (IPL) of the retina were more susceptible in a rodent model of 
experimental glaucoma (Ou et al., J Neurosci. 2016). We hypothesize 
that bipolar cells, the excitatory presynaptic partners of ganglion 
cells, might also be differentially susceptible to intraocular pressure 
(IOP) elevation depending on the level of stratification of their axon 
terminals within the IPL. The purpose of this study is to determine 
the effects of laser-induced ocular hypertension on various bipolar 
cell types at specific time points after IOP elevation.
Methods: IOP was elevated unilaterally using laser photocoagulation 
of the limbal and episcleral vessels of adult CD-1 mouse eyes. 
Whole-mount retina immunostaining with synaptotagmin-2 antibody 
was used to label both the type 2 OFF bipolar cell axon terminals and 
the type 6 ON bipolar cell axon terminals. The axon terminal volume 
occupancy was calculated for IPL volumes (n = 16) containing 
the various axon terminal types. The Student’s t-test was used to 
calculate statistical significance.
Results: Given our finding of greater presynaptic ribbon loss in the 
OFF vs. ON sublamina of the IPL, we examined OFF and ON bipolar 
cell axon terminals. While after 7 days of IOP elevation there was no 
statistically significant difference in type 2 OFF vs. type 6 ON bipolar 
cell axon terminals, at 14 days there was a statistically significant 
decrease in axon volume occupancy of type 2 OFF bipolar cells 
(8.98% laser vs. 12% control; p < 0.02, 4 animals per group).
Conclusions: The finding of type 2 OFF bipolar cell axon terminal 
loss corroborates our hypothesis of OFF pathway vulnerability in 
experimental glaucoma. Uncovering the anatomic changes of ON 
vs. OFF bipolar cell types in response to IOP elevation may support 
strategies to probe specific light pathways in the diagnostic testing of 
glaucoma.
Commercial Relationships: Yvonne Ou, None; Rebecca Jo, None; 
Luca Della Santina, None
Support: NIH Grant KEY022676A, Research to Prevent Blindness 
Career Development Award, BrightFocus Foundation, E. Matilda 
Ziegler Foundation for the Blind.

Program Number: 2020
Presentation Time: 4:30 PM–4:45 PM
Characterizing longitudinal in vivo changes of RGC dendrites 
after injury
Delaney C. Henderson2, John Gobran2, Balwantray C. Chauhan2, 1. 
1Ophthalmology and Visual Sciences, Dalhousie University, Halifax, 
NS, Canada; 2Physiology and Biophysics, Dalhousie University, 
Halifax, NS, Canada.
Purpose: Retinal ganglion cell (RGC) death is preceded by retraction 
of dendrites and an overall loss of dendritic branch complexity. 
The aim of the present study was to characterize and contrast the 
effects of an acute (optic nerve transection, ONT) and a chronic 
(experimental glaucoma (EG) with magnetic microbead injection) 
injury on the structure of RGC dendritic arbors.
Methods: We used a transgenic mouse line with expression of yellow 
fluorescent protein (YFP) in <0.5% of RGCs (Thy-1 YFP, line H; 
Jackson Laboratories, ME) allowing for visualization of the entire 
dendritic arbor. Mice had either ONT (n=9) or EG (n=5) induced 
in one eye. Fluorescence confocal scanning laser ophthalmoscopy 
(Spectralis Multiline, Heidelberg Engineering) was used to perform 
longitudinal in vivo imaging of YFP+ RGCs to document the 
progression of injury. Sholl analysis was conducted on in vivo images 
to quantify dendritic complexity and arbor size changes of YFP+ 
RGCs over the time course of both injuries.
Results: ONT caused a rapid and severe loss of RGCs over 3 weeks. 
Early time points were examined to characterize RGC dendritic 

arbors prior to cell death. Dendritic arbor radii retracted (mean (SD): 
179 (33) vs. 160 (49) µm; baseline vs. day 11, n=20 cells) and the 
peak number of branch intersections at the corresponding time point 
also decreased (22 (5) vs. 10 (4)) after ONT. Four of the 20 RGCs 
followed entirely lost fluorescence and became non-detectable prior 
to day 11. In the EG animals, the mean (SD) IOP integral, an index 
of IOP elevation compared to the fellow control eye, at day 28 was 
144(39) mmHg days. The RGC arbor radii reduced by a smaller 
amount and over a longer time period (169 (16) vs. 166 (18) µm; 
baseline vs. day 28 EG, n=9 cells) and peak number of intersections 
(25 (4) vs. 20 (4)) after prolonged IOP elevation. The area under 
the curve (AUC) of RGC Sholl profiles, a measure of dendritic 
complexity, decreased following both injuries; however, to a lesser 
degree in the EG group (64% vs. 21%, 11 days post-ONT vs. 28 days 
EG, Figure).
Conclusions: The present study demonstrates that longitudinal  
in vivo imaging and Sholl analysis can be used to track the 
progression of RGC injury prior to cell death. A prolonged chronic 
elevation of IOP resulted in a slower time course of dendritic 
retraction and loss of RGC arbor complexity compared to ONT.

Commercial Relationships: Delaney C. Henderson; John Gobran, 
None; Balwantray C. Chauhan, Heidelberg Engineering (F)
Support: AIF 197809
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Program Number: 2021
Presentation Time: 4:45 PM–5:00 PM
Destructive neuroinflammation triggered by activation of the 
NLRP3 inflammasome in the glaucomatous optic nerve head
Meredith S. Gregory-Ksander1, Fei Fei1, 2, anitha krishnan1, 
Te-Chen Tzeng3, Deepa Subramanian1, Douglas Golenbock3, 
Ann Marshak-Rothstein4, Bruce Ksander1. 1Schepens Eye Research 
Institute, Massachusetts Eye and Ear Infirmary/HMS, Boston, MA; 
2Ophthalmology, Fourth Military Medical University, Xian, Shannxi 
Province, China; 3Infectious Diseases and Immunology, University 
of Massachusetts Medical School, Worcester, MA; 4Medicine, 
University of Massachusetts Medical School, Worcester, MA.
Purpose: The importance of inflammation in glaucoma has been 
realized, but the mechanism by which it is triggered is incompletely 
understood. There is substantial evidence that the initial injury in 
glaucoma occurs in the optic nerve head (ONH), where activated 
astrocytes produce mediators that can damage axons and trigger 
inflammatory cell recruitment. We discovered that human and mouse 
ONH astrocytes constitutively express NLRP3, a critical regulator of 
inflammation and part of a multi-protein complex that contains the 
adapter protein ASC and activates caspase-1 to produce IL-1β and 
IL-18. We hypothesize that activation of the NLRP3 inflammasome 
in ONH astrocytes initiates inflammation and axonal damage in 
glaucoma.
Methods: NLRP3 expression in human and mouse ONH astrocytes 
was determined by immunofluorescence, PCR, and Western blot. 
Speck formation, a hallmark of inflammasome activation, was 
monitored in vivo using a fluorescent reporter mouse (ASC-citrine/
Cre+). Intracameral injection of microbeads (controls: uninjected 
or saline-only) was used to elevate IOP in WT C57BL/6J mice and 
C57BL/6 KO mice (NLRP3 KO, ASC KO, IL-1R KO, and IL-18 
KO). IOP was monitored by rebound tonometry. At designated time 
points, mice were euthanized and the ONH and retina were processed 
for: (i) qPCR (GFAP, IL-1β, IL-18, TNFα), (ii) WB (NLRP3, 
caspase-1, IL-1β, IL-18), (iii) immunostaining (Iba1, GFAP, NLRP3), 
and (iv) RGC and axon counts.
Results: NLRP3 is constitutively expressed in the astrocytes of 
normal human and mouse ONH. WT and KO mice displayed a 
similar increase in IOP for 21 days as compared with controls. The 
absence of NLRP3, ASC, IL-1R or IL-18 resulted in a significant 
reduction in RGC and axon loss, as compared to WT controls. At 
7 days post microbead injection, the ASC-citrine reporter mouse 
revealed increased speck formation in the ONH, but not retina, that 
co-localized with NLRP3 staining. The formation of ASC specks in 
the ONH coincided with the induction of pro-inflammatory cytokines 
(GFAP, IL-1β, IL-18, and TNFα) and accumulation of Iba1+ immune 
cells in the ONH.
Conclusions: The components of the NLRP3 inflammasome are 
constitutively expressed in normal ONH astrocytes but remain 
inactive. Our data indicate that elevated IOP-induced axonal damage 
and death of RGCs is dependent upon destructive neuroinflammation 
triggered by the activation of the NLRP3 inflammasome in the ONH.
Commercial Relationships: Meredith S. Gregory-Ksander, 
None; Fei Fei, None; anitha krishnan, None; Te-Chen Tzeng, 
None; Deepa Subramanian, None; Douglas Golenbock, None; 
Ann Marshak-Rothstein, None; Bruce Ksander, None
Support: Bright Focus Foundation, Thomas R. Lee Award for 
Glaucoma

Program Number: 2022
Presentation Time: 5:00 PM–5:15 PM
Functional deficits in early progression in glaucoma involve 
redistribution of astrocyte processes and diminished optic nerve 
glycogen
Melissa Cooper2, 1, John W. Collyer1, Silvia Pasini1, 
David J. Calkins1. 1Ophthalmology and Visual Sciences, Vanderbilt 
University, Nashville, TN; 2Neuroscience, Vanderbilt University, 
Nashville, TN.
Purpose: Retinal ganglion cell axonopathy in glaucoma is influenced 
by complex interplay with astrocyte processes which may reflect 
metabolic changes. Our goal is to understand how sensitivity 
to intraocular pressure (IOP) in glaucoma influences astrocyte 
distribution in the optic nerve early in progression and how these 
changes may relate to axon and visual function.
Methods: In young (2 month) C57 mice, IOP was elevated 
unilaterally (30-35%) using microbead occlusion of aqueous flow. 
The contralateral eye received an equivalent volume saline injection 
as internal control. We monitored IOP for up to 4 weeks using Tono-
Pen XL rebound tonometry and measured optokinetic nystagmus 
(OKN) using Optomotry (Cerebral Mechanics). Some eyes received 
intravitreal injection of cholera toxin B to measure anterograde 
axonal transport to the superior colliculus. Following perfusion, optic 
nerve cross-sections were analyzed for astrocyte process orientation 
using custom Matlab routines. We devised a metric to quantify the 
degree of parallelism between astrocyte processes and compared 
the results to optic nerve glycogen content, which is restricted to 
astrocytes.
Results: Two weeks of microbead-induced IOP elevation resulted 
in measurable functional loss. Optokinetics and CTB labeling 
demonstrated a 15% loss in visual spatial contrast sensitivity (n=10, 
p=0.024) and a 40% deficit in anterograde axonal transport (n=7, 
p=0.018) compared to control. Four weeks of IOP elevation caused 
a 23% deficit in spatial contrast sensitivity (n=5, p=0.03) and a 55% 
deficit in axonal transport (n=5, p=0.002), as well as a 66% loss of 
optic nerve glycogen content. These changes mirror alterations in 
astrocyte morphology. Increased glial coverage after 4 weeks IOP 
elevation was associated with increased parallelism among astrocyte 
processes in the nerve (n=9, p=0.02).
Conclusions: Early progression in glaucoma involves reorganization 
of optic nerve astrocyte processes without change in total coverage. 
With these changes, both functional axon transport from retina to 
brain and visual contrast sensitivity are diminished. Both measures 
further diminish with more extensive exposure to elevated IOP, 
which also diminishes glycogen content in the optic projection. These 
changes may reflect how astrocytes redistribute and utilize available 
energy stores when the optic nerve is stressed in glaucoma.
Commercial Relationships: Melissa Cooper, None; 
John W. Collyer, None; Silvia Pasini, None; David J. Calkins, 
None
Support: National Eye Institute (T32EY021453, R01EY017427, 
R01EY024997, P30EY008126), Glaucoma Research Foundation, 
Research to Prevent Blindness Inc.

Program Number: 2023
Presentation Time: 5:15 PM–5:30 PM
Optic Nerve Head Astrocyte Response to Elevated Intraocular 
Pressure does not Require Viable Retinal Ganglion Cell Axons
Lauren Davis, William O. Cepurna, Diana C. Lozano, 
Tiffany E. Choe, Elaine C. Johnson, John C. Morrison, 
Shandiz Tehrani. Ophthalmology, Oregon Health & Science 
University, Portland, OR.
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Purpose: Optic nerve head (ONH) astrocytes respond to elevated 
intraocular pressure (IOP) by structural rearrangement of astrocytic 
extensions. However, it is unclear whether astrocyte extensions 
rearrange in response to elevated IOP or to signals from injured 
retinal ganglion cell axons. This study explored the response of ONH 
astrocytes to 8 hours of IOP elevation in the presence or absence of 
optic nerve transection (ONT).
Methods: Brown Norway rats (n = 33) were assigned to one of two 
groups. In the first group, animals underwent unilateral ONT under 
systemic anesthesia via retrobulbar axotomy of the optic nerve. Two 
weeks post ONT, 11 of these eyes underwent controlled elevation 
of IOP (CEI), consisting of anterior chamber cannulation and IOP 
elevation to 60 mmHg for 8 hours via a saline reservoir. Animals 
were sacrificed either immediately (day 0) or 1 day post CEI. The 
remaining ONT animals were sacrificed without CEI (n = 8). In the 
second group, 14 eyes underwent CEI only with sacrifice at day 0 and 
day 1. Contralateral eyes served as controls. All eyes were perfusion 
fixed and longitudinal vertical ONH cryo-sections were co-labeled 
with fluorescent-tagged phalloidin and tubulin βIII antibody to 
delineate astrocyte extensions and axons, respectively. Following 
confocal microscopy, astrocyte extension orientation was determined 
and quantified relative to the anterior-posterior (AP) axis using FIJI 
software and ANOVA statistical analysis.
Results: ONT resulted in a loss of observable axon-specific tubulin 
labeling within the ONH. In control and ONT-only eyes, astrocyte 
extensions were oriented nearly perpendicular to the AP axis (84.1° 
± 1.3 [n=7] and 72.8° ± 4.7 [n=7], respectively, no significant 
difference). Immediately following CEI (day 0), astrocyte extensions 

rearranged to lie more parallel to the AP axis relative to controls in 
both CEI-only and ONT+CEI eyes (43.18° ± 13.3 [n=7, p ≤ 0.01] 
and 54.43° ± 16.0 [n=7, p <0.05], respectively). Astrocyte extensions 
reoriented back to control levels 1 day post CEI in both CEI-only and 
ONT+CEI eyes.
Conclusions: These results suggest that astrocyte structural 
arrangements within the ONH primarily respond to IOP elevation 
rather than through a secondary response triggered by axonal injury. 
As such, the relatively early structural response of ONH astrocytes to 
elevated IOP may play a primary role in influencing axonal injury.
Commercial Relationships: Lauren Davis, None; 
William O. Cepurna, None; Diana C. Lozano, None; 
Tiffany E. Choe, None; Elaine C. Johnson, None; 
John C. Morrison, None; Shandiz Tehrani, None
Support: Supported by the American Glaucoma Society Young 
Clinician Scientist Award (ST), the Glaucoma Research Foundation 
Shaffer Grant (ST), the Research to Prevent Blindness (RPB) Career 
Development Award (ST), an unrestricted grant from RPB (CEI/
OHSU), and the National Institute of Health (K08EY024025 to ST, 
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