ADVANCED
MATERIALS

Makes

www.MaterialsViews.com

www.advmat.de

C) PLGA+MNPs PLGA d)
RMS: 2.86 nm RMS: 0.489 nm
000um 020 840 o860 080 CoOpm 020 o40 080 085 180000
Ty 160000

20 ym

Merge

¢ 20 Im

Figure 2. Micropatterned nanosheets direct RPE-| cellular morphogenesis. a)

&
£ 140000

cellsic
e
S
g

.
g
g

>
w  E 80000
-3
@
% = Z(:gx -8~ With MNPs
e & ~O-Without MNPs
20000
10
0
00 4] 24 48 72
Time (hrs)

PLGA

20 pym

Merge

20 um

RPE-J cells on micropatterned nanosheets (400 um ¢) after 1 d of culture

stained to show live/dead cells. b) A CLSM image showing monolayer formation by the RPE-| cells on the nanosheet (stained with rhodamine B).
c) AFM surface morphology of micropatterned PLGA nanosheets with and without MNPs. d) Influence of MNPs on the proliferation of RPE-] cells.
Immunostaining of the RPE monolayer on the nanosheet e) with and f) without MNPs (top left, phase microscopy; top right, nucleus and tight junction
protein ZO-1; bottom left, nucleus and F-actin; bottom right, merged image). On the MNP surface, the RPE-] cells showed bridges among the ZO-1
tight junctions with hexagonal structures. Student t-test with *p < 0.05 set as the level of statistical significance.

cells showed that the RPE-] cells adhered to the micropat-
terned nanosheet and remained viable; no adherent cells were
observed outside the nanosheet due to the swelling of the
PVA layer (Figure 2a). We then analyzed cellular organization
using a confocal laser scanning microscope (CLSM) to deter-
mine whether the RPE-] cells formed a monolayer. CLSM
images clearly showed monolayer formation by the RPE-] cells
(colored green by calcein AM) on the micropatterned nanosheet
(colored red by rhodamine B) (Figure 2b). Also, the rim of the
nanosheet (see Figure S3, Supporting Information) was clearly
observed in the CLSM image. The RPE monolayer formed con-
sistently across the nanosheet, as confirmed by cross-sectional
images. In addition to monolayer formation, RPE cells formed
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a densely packed structure (a “cobblestone-like” morphology)
that is critical for their ability to function as a barrier under
physiological conditions.['?] Tt has been reported that the nano-
structured surface generated by nanoparticles or by means of
electron beam lithography has a significant impact on cell pro-
liferation or cytoskeletal organization at the nanoscale.’* Thus,
we sought to influence RPE cell morphogenesis by modulating
the surface structure of the nanosheets with MNPs. Atomic
force microscope (AFM) measurements revealed that the inclu-
sion of MNPs generated a rough surface (Figure 2c); the sur-
face roughness (root-mean-squared value) was increased by
more than 5 times by the inclusion of MNPs from 0.489 nm
(IMNPs] = 0 mg mL™?) to 2.86 nm ([MNPs] = 2.5 mg mL™1).
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Figure 3. Evaluation of cell viability following syringe manipulation. a) Comparison of cell viability before and after injection of micropatterned
nanosheets (400 um @) using a 25 G syringe needle (320 pm inner diameter). All scale bars indicate 100 um. b) Quantification of cell viability on
micropatterned nanosheets of different diameters. A 25 G syringe needle (S.N.) was used for nanosheets of 300 to 500 um diameter, and a 24 G
intravenous catheter (I.C.) was used for nanosheets of 1000 um (the diameter of each needle is indicated below the Figure). c) Mechanical stability of
cellular organization on micropatterned nanosheets (400 um ¢) of 170 nm or 5.5 um thickness (all scale bars indicate 400 um). d) Quantification of
the cell adhesion region after syringe manipulation. Student’s t-test with *p < 0.05 set as the level of statistical significance.

This level of increase in roughness is consistent with that
found in our previous study using polylactide nanosheets modi-
fied by MNPs.1% We compared the proliferation of RPE-]
cells on nanosheets with and without MNPs and found that
a significantly enhanced rate of proliferation occurred after
1 d of culture on the surface with MNPs (Figure 2d, p < 0.05).
Immunohistochemical analysis of the morphogenesis in the
RPE monolayer after 2 d of culture showed that cells on the
surface with MNPs had a hexagonal structure with abundant
formation of tight junctions, as visualized by the presence of
the tight junction protein ZO-1 (Figure 2e); by contrast, cells on
surfaces without MNPs were randomly organized (Figure 2f).
Stress fibers (F-actin) formed along the tight junctions in cells
on the surface with MNPs, but were less organized on cells on
surfaces without MNPs. After 7 d of culture, the formation of
tight junctions had occurred on both surfaces (data not shown).
A previous study reported that cells grown on a nanoparticle-
modified surface showed an increased area of contiguous con-
tact of the cell membrane (endothelial cells) with the underlying
substrate, and also showed a consistent increase in growth of
F-actin filaments.!'* Therefore, we anticipated that the greater
surface roughness generated by MNPs would enhance cell
migration and proliferation, and result in faster maturation of
tight junctions in the epithelial monolayer. With regard to use
of RPE cells in clinical applications, such enhanced morpho-
genesis on a micropatterned nanosheet would accelerate the
process of transplantation of RPE monolayers.

On the assumption that transplantation of engineered RPE
monolayers would be carried out using conventional syringe
needles, we evaluated cell viability following mechanical

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

compression of the micropatterned nanosheets inside a syringe
needle that had a circular opening. The stability and viability
of the RPE monolayer was evaluated on micropatterned
nanosheets with different diameters by analyzing the cells
after live/dead staining. After 2 d of culture, the cell/nanosheet
constructs were detached from the glass substrate by gently
scratching and rubbing the corner of the nanosheets. Due to
the magnetic properties of the nanosheets, the freely suspended
cell-nanosheet constructs could be remotely gathered in one
place using an external magnetic force (Movie S2, Supporting
Information); this enabled a minimally invasive collection of
the engineered RPE monolayer. Each construct was then aspi-
rated and injected through a 25 G syringe needle (320 um inner
diameter) at 10 mL min !. Despite the mechanical stress during
syringe manipulation, the RPE monolayer retained its original
shape without distortion (Figure 3a). Following cell staining,
we estimated a rate of cell viability of over 80% for nanosheets
ranging in diameter from 300 to 500 pm (Figure 3b). The
ratio of the diameter of the nanosheet to that of the syringe
needle was crucial for minimizing cell mortality during the
manipulation process. If the inner diameter was increased, as
in switching from a 25 G syringe needle (320 pm) to a 24 G
intravenous catheter (470 um), a micropatterned nanosheet of
1000 pm diameter could be injected without significant loss of
cell viability (more than 85%) (see also Figure S5). These results
suggest that the micropatterned nanosheet can withstand
deformation in syringe needles with an internal diameter up
to half that of the nanosheet. Furthermore, we also evaluated
the effect of the thickness of the nanosheet on cell viability fol-
lowing syringe manipulation. Micropatterned nanosheets with
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Figure 4. Injection of a micropatterned nanosheet into the subretinal space of a swine eye ex vivo. a) Schematic representation of the injection process:
i) fresh swine eyeball without the detachment of retinal tissue, ii) subretinal injection of saline to make a space for injection, and, iii) injection of the
micropatterned nanosheet (1000 um ¢) using a 24 G intravenous catheter (470 im in inner diameter). b) Microscopic image of the injected nanosheet
(stained with rhodamine B), which was fixed on the macula after removal of the saline. ¢) Staining of the micropatterned nanosheet with RPE- cells

in the catheter to show live/dead cells.

thicknesses of a few hundred of nanometers (170 nm) retained
viable cells on the surface, whereas those that were microme-
ters in thickness (5.5 Wm) retained few cells, with most showing
low viability (Figure 3c). We assumed that cells on the latter
nanosheets had been scraped from the surface during manip-
ulation, resulting in only a few cells remaining. Such phe-
nomena would be explained from the feasible elastic properties
between cells and the 170 nm-thickness nanosheets rather than
the 5.5 pm-thickness sheets; the more flexible substrate could
retain the cellular organization under the mechanical stress.
Indeed, comparison of the sizes of the cell adhesion regions
showed that the thicker nanosheets had a significantly reduced
area (Figure 3d). Overall, therefore our findings show that the
ultrathin flexible structure of the micropatterned nanosheets is
beneficial for aspirating them into a narrow space, such as a
syringe needle, and also reduces the mechanical stress on the
attached cells.

Finally, we used our system to deliver micropatterned
nanosheets to the subretinal space of a swine eye ex vivo.
Before injection of the nanosheet, the subretinal space was par-
tially filled with saline in order to secure the transplanted site
(Figure 4a). As the macula of the swine ocular ball is large, we
injected a 1000 pm ¢ micropatterned nanosheet using a 24 G
intravenous catheter. The nanosheet was successfully injected
and spread into the subretinal space (see Movie S3, Supporting
Information); it then attached to the macula and retained its cir-
cular shape after removal of the saline (Figure 4b). In addition,
staining for live/dead cells showed that the RPE monolayer was
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stable inside the catheter needle and retained cellular activity
(Figure 4c). Thus, the ex vivo results confirm the practicality of
using micropatterned nanosheets for delivering an RPE mono-
layer in a therapeutic context. In this ex vivo study, the fixation
of the cell monolayer after injection was facilitated by removal
of the prefilled saline, since the native RPE layer is closely sand-
wiched between the retinal photoreceptors and the choroid.
Thus, removal of the saline would be sufficient to fix the trans-
planted RPE monolayer stably. In addition, the number of cells
on the nanosheet is basically adjustable in line with the AMD
size. Therefore, it may be possible to inject multiple nanosheets
through the syringe needle unless the prefilled saline is
removed from the subretinal place. Such multiple injections
would enhance the transplantation efficacy.

It was previously reported that polylactide nanosheets from
20 to 200 nm thick degraded within 1 week under physiological
enzymatic conditions and also showed minimal inflammatory
response in vivo due to the small amount of polymer.'™¥ For
further estimation, we are currently investigating the biodeg-
radability of the micropatterned nanosheets by using model
eye fluid, such as aqueous humor (data not shown). In addi-
tion, it has recently been reported that MNP-labeled cells can
be transplanted into rat retina without inducing a significant
inflammatory response.’®) Thus, we incorporated MNPs or
fluorescent dyes into the micropatterned nanosheets in order
to visualize the structure, improve the ease of manipulation,
and enhance cellular morphogenesis. Moreover, these mate-
rials can be substituted by other chemicals. For example,
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fluorescein can be used as a dye since it is clinically available.
The roughness effect induced by MNP could also be recapitu-
lated by integrating microfabricated structure in the nanosheet
(e.g., micropores or nano/microcues). Similar techniques could
also be used to incorporate the drugs necessary for further
improving the function of the nanosheet, that will be applied
for drug delivery system.'® For example, it may be possible to
enhance the tissue integration of the transplanted RPE mon-
olayer through the controlled release of drugs and growth fac-
tors from the micropatterned nanosheet. Thus, the micropat-
terned nanosheet will not only be of value for retaining cellular
organization but also for enhancing cellular activity such as
proliferation and differentiation. For further characterization
of the tissue function, we are currently investigating transepi-
thelial electrical resistance (TER) of the engineered RPE mono-
layer on the nanosheet using a volt—ochm meter."*" In addition,
integration of the engineered tissue to the host tissue will be
examined by histological analysis in vivo.

With respect to the clinical treatment of AMD using stem
cells, such as induced pluripotent stem (iPS) cells,”] it should
be noted that the present technique for directing transplanted
cells using micropatterned nanosheets may also be appli-
cable for differentiated RPE cells from stem cells providing
they adhere to the nanosheet. In particular, transplanted cells
might induce apoptosis unless they attach correctly to the base-
ment membrane;I'8 the rate of attachment may depend on the
anatomy and physiology of the basement membrane. In this
regard, a micropatterned nanosheet may offer a good micro-
environment for transplanted cells since the high flexibility of
the nanosheet permits the stable attachment of the RPE mono-
layer despite the complicated surface of the retinal lesion. In
addition, conventional cell-sheet engineering has to wait for cell
confluence in order to detach the cells as a freestanding struc-
ture.') To this end, the nanosheets will provide stable platforms
for the cells, on which the organized cells can be detached even
without waiting for the cell maturation. Therefore, integration
of the nanosheet technology into cell-sheet engineering may
reduce the cell culture period and also enhance the overall
transplantation process.

In summary, we described the development of micropat-
terned nanosheets that consisted of biodegradable PLGA and
MNPs toward local delivery of RPE cells for the treatment of
AMD. The micropatterned nanosheets promoted the formation
of a stable monolayer of the RPE-] cells that could differentiate
into a cobblestone-like structure. Owing to the high flexibility of
the nanosheet, the RPE monolayer could be injected through a
clinical syringe without significant loss of cell viability. We also
injected micropatterned nanosheets into the subretinal space
of a swine eye and showed that they could attach stably to the
macula. Our results indicate that micropatterned nanosheets
are useful substrates not only for delivery of RPE-] cells but
also for enhancing morphogenesis in the cells, such as mono-
layer formation with hexagonal tight junctions. Furthermore,
manipulability by magnetic force would be exploited for the
minimally invasive delivery of the engineered RPE-] cells. In
order to further improve cell transplantation methods, such
as those for iPS cells, development of cell resources as well as
effective delivery technique will play an important role for the
enhancement of therapeutic efficacy. Flexible micropatterned
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nanosheets hold great promise for transplantation of organized
cellular structures and for the development of local cell delivery
systems.

Experimental Section

Experimental details are described in the Supporting Information.

Supporting Information

Supporting Information is available from the Wiley Online Library or
from the author.
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Abstract

Purpose Optic nerve crush (ONC) and subsequent
axonal damage can be used in rodents to study the
mechanism of retinal ganglion cell (RGC) degeneration.
Here, we examined electroretinograms (ERGs) in post-
ONC mice to investigate changes in the positive scotopic
threshold response (pSTR). We then compared these
changes with molecular and morphological changes to
identify early objective biomarkers of RGC dysfunction.
Methods Fifty 12-week-old C57BL/6 mice were
included. ONC was used to induce axonal injury in
the right eye of each animal, with the left eye used as a
control. The expression of the RGC markers Brn3a and
Brn3b was measured on days 1, 2, 3, 5 and 7 after ONC
with quantitative real-time PCR. ERGs were recorded
under dark adaptation with the stimulus intensity
increasing from —6.2 to 0.43 log cd-s/m” on days 1, 2,
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3, 5,7 and 10 after ONC. The pSTR, a- and b-wave
amplitudes were measured. Inner retinal thickness
around the optic nerve head was measured with
spectral-domain optical coherence tomography on days
0,2, 5,7 and 10 after ONC.

Results The expression of Brn3a and Brn3b began to
significantly decrease on day 1 and day 2, respectively
(P < 0.01). The amplitude of the pSTR underwent
rapid, significant deterioration on day 3, after which it
fell gradually (P < 0.01), while the a- and b-wave
amplitudes remained unchanged throughout the exper-
iment. Inner retinal thickness gradually decreased, with
the most significant reduction on day 10 (P < 0.01).
Conclusions Decrease in pSTR likely reflected the
early loss of RGC function after ONC and that
declining expression of RGC-specific genes preceded
anatomical and functional changes in the RGCs.
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Introduction

Currently available treatments for glaucoma mostly
depend on lowering intraocular pressure (IOP) [1].
However, even after the successful reduction in 10P,
visual dysfunction continues to progress in many
glaucoma patients [2], likely due to the influence of
IOP-independent contributing factors [1-3] such as
axonal injury [2]. Thus, new therapies targeting these
factors have been the subject of recent research and
development.

Animal models are one of the most useful tools for
understanding the pathogenesis of disease and devel-
oping new treatments. Research on retinal ganglion
cell (RGC) degeneration commonly uses optic nerve
crush (ONC) in rodents as an animal model [4, 5].
However, despite numerous previous studies of ONC-
induced morphological and molecular changes in the
RGCs [6, 7], early sequential change in RGC function,
especially its relationship with alterations in gene
expression, remains poorly understood.

The photopic negative response (PhNR) [8] of the
photopic electroretinogram (ERG) has emerged as a
new functional measure of the RGCs in clinical
practice [9-14]. However, studies have suggested that,
in rodents, the PhNR originates from amacrine cells
[15] and is thus unaffected by ONC [15, 16]. A useful
alternative may be the scotopic threshold response
(STR) of the scotopic ERG, which is elicited by very
dim stimuli and is driven by the inner retina, including
the RGCs [17, 18]. The STR consists of negative and
positive components, defined as the positive STR
(pSTR) and negative STR (nSTR), respectively [16].
In particular, the pSTR has been suggested to reflect
RGC function in rodents [16, 19, 20]. However, it has
not been determined at what time point after ONC
alterations begin to occur in the pSTR caused by the
functional loss of RGCs.

The aim of this study was therefore to determine
whether the pSTR could serve as an early biomarker of
RGC dysfunction after ONC in mice. We thus set out

@ Springer

to compare changes in the pSTR with molecular and
morphological changes in the RGCs after ONC.

Methods
Animals

Fifty CS7BL/6 mice (male, 12-week-old; SLC, Ham-
amatsu, Japan) were used in this study. All animals
were handled in accordance with the guidelines of the
ARVO Statement for the Use of Animals in Ophthal-
mic and Vision Research and the guidelines from the
Declaration of Helsinki. All experimental procedures
described were approved by the Ethics Committee for
Animal Experiments of Tohoku University Graduate
School of Medicine.

During the surgical procedures, recording of the
ERGs and spectral-domain optical coherence tomog-
raphy (SD-OCT) imaging, the mice were anesthetized
with ketamine (100 mg/kg) and xylazine (9 mg/kg).
In the ONC procedure, the optic nerve was exposed,
crushed 1.0 mm posterior to the globe with fine
forceps for 5 s and released [4]. This procedure was
performed by a single surgeon in order to reduce
variations in the severity of the ONC-induced damage.
The contralateral eye was left untouched and served as
a control.

Quantitative real-time PCR

Total RNA (200 ng per sample) extracted from the retina
was first reverse transcribed into cDNA using Super-
Script IIT (Invitrogen Life Technologies, Carlsbad, CA,
USA). Quantitative real-time PCR (RT-PCR) was then
performed in duplicate with a 7500 Fast RT-PCR System
(Applied Biosystems, Foster City, CA, USA) as previ-
ously described [21]. To determine relative gene
expression, we analyzed the RT-PCR data with the
comparative Ct method (Z‘AACY), normalized to an

Table 1 List of Tagman probes used in this study

Gene symbol Assay ID

Poudfl
Poudf?

Mm02343791_m1
MmO00454754_s1




Doc Ophthalmol (2015) 130:149-156

151

endogenous control (Gapdh). The Tagman probes used
for these reactions are listed in Table 1.

Recording the ERG

The mice were dark-adapted overnight and were
prepared for the ERG recording under dim red light.
Each animal underwent additional dark adaptation for
approximately 30 min before starting the ERG record-
ing. The mice were anesthetized with an intraperito-
neal injection of a mixture of ketamine (100 mg/kg)
and xylazine (10 mg/kg).

The pupils were maximally dilated with topical
0.5 % tropicamide and 0.5 % phenylephrine HCL, and
the corneas were anesthetized with topical 0.4 %
oxybuprocaine hydrochloride. A contact lens electrode
embedded with gold wire was placed on the cornea as an
active electrode (Mayo, Nagoya, Japan), and a chloride
silver plate was placed in the mouth as a reference
electrode. A grounded aluminum sheet placed under the
animal served as the ground electrode. Body tempera-
ture was kept at 37 °C with a heating pad.

The ERGs were recorded from both eyes simulta-
neously using a Ganzfeld bowl that had originally
been assembled at the Kellogg Eye Center (Ann
Arbor, MI, USA). Responses were amplified 10,000
times and band-pass filtered from 0.3 to 500 Hz
(PuREC PC-100, Mayo, Inazawa, Japan). Brief white
stimuli were produced by a xenon arc lamp that was
mounted on the top of the Ganzfeld bowl and
controlled by a photic stimulator (PS33-PLUS, Grass
Instruments, Quincy, MA, USA). The ERG was
recorded under dark adaptation with increasing stim-
ulus intensity from —6.2 to 0.43 log cd-s/m? in 0.40-,
0.23- or 0.37-log-unit steps. The flash duration was
10 ps. The response to approximately 20-30 flashes
was recorded at each stimulus intensity, with an inter-
stimulus interval of 3 s, and then averaged to deter-
mine the final value of the STR [16, 22, 23]. The pSTR
and nSTR amplitudes were measured from the base-
line to the peak of the first positive wave and from the
baseline to the negative trough after the positive wave,
respectively (Fig. 2a). In higher stimulus ranges, 2-3
responses were averaged with an inter-stimulus inter-
val of 10-60 s, depending on the stimulus intensity.
The a-wave amplitude was measured from the base-
line to the trough of the first negative response and the
b-wave amplitude from the first trough to the peak of
the following positive wave.

SD-OCT imaging

After pupil dilation, hydroxymethylcellulose (Goniosol,
2.5 %; Alkon, Buffalo Grove, IL, USA) was applied to
the cornea during the recording. Retinal images were
then acquired by scanning circumferentially around the
optic nerve head with spectral-domain optical coher-
ence tomography (SD-OCT) (RS-3000 Advance,
Nidek). The distance between the internal limiting
membrane and inner plexiform layer was measured to
determine inner retinal thickness.

Statistical analysis

A one-way repeated-measures ANOVA with a post
hoc Bonferroni test was used to assess the post-ONC
quantitative RT-PCR data. A two-way repeated-mea-
sures ANOVA with a post hoc Bonferroni test was
used to compare the OCT data in the control and ONC
eyes. A paired Student ¢ test was performed to
compare the STR amplitude in the control and ONC
eyes. Average values are shown as the mean with
standard error. Differences were considered signifi-
cant at P < 0.05.

Results
Reduced RGC-specific gene expression after ONC

Functional and morphological changes in the RGCs
likely accompany changes in RGC-specific gene
expression. We therefore used RT-PCR to determine
the time when generalized changes in gene expression
took place in the RGCs following ONC. This was done
by studying the temporal expression profile of two
representative RGC-specific genes: Brn3a and Brn3b,
which have been shown to represent defferent RGC
types (Fig. 1). [24, 25] Brn3a showed the earliest
decrease in expression, on day 1 (40.9 £+ 134 %
reduction, Bonferroni test, P < 0.01). This was fol-
lowed by a decrease in Brn3b (65.9 + 8.9 % reduc-
tion, Bonferroni test, P < 0.01) on day 2.

Intensity—response function after ONC
Figure 2 shows representative intensity—response

series of the scotopic ERG for the control (black line)
and ONC (red line) eyes on days 1 and 10. On day 1,
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Fig. 2 Representative intensity—response ERG series recorded
from control (black lines) and ONC (red lines) eyes on days 1
(a) and 10 (b) after ONC. The pSTR to low-intensity stimuli in

the waveforms completely overlapped over the entire
stimulus range. On day 10, the pSTR in the lower
stimulus range deteriorated in the ONC eyes relative to
the control eyes (indicated by the arrows in Fig. 2b).
The a- and b-waves of the control and ONC eyes
elicited by stimuli of higher intensities completely
overlapped. As there was no significant difference in
the nSTR amplitude of the treated and untreated eyes
at any stimulus intensity, we excluded nSTR results
from our analysis.

@ Springer

the ONC eyes deteriorated on day 10 (indicated by the arrows in
b). ERG electroretinogram, ONC optic nerve crush, pSTR
positive scotopic threshold response

The amplitude of the positive waves, including the
pSTR and b-waves, was plotted against stimulus
intensity to determine the intensity—response function
on days 1, 2, 3, 5, 7 and 10 after ONC for the control
(black symbols) and ONC (red symbols) eyes
(Fig. 3a—f). The a-wave amplitude is also shown in
the lower right of each figure. The intensity—response
curves of the control and ONC eyes overlapped until
day 2. In the lower stimulus range, the curve of the
ONC eyes shifted downward and separated from the
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Fig. 3 Intensity-response functions for the pSTR + b-wave
and a-waves recorded from control (n = 5, black symbols) and
ONC (n = 5, red symbols) eyes on days 1 (a), 2 (b), 3 (¢), 5 (d),
7 (e) and 10 (f) after ONC. The arrows in each figure indicate the

curve of the control eyes on day 3. On day 10, the
maximum difference between the control and ONC eyes
was seen, at the stimulus intensity of 5.2 log cd-s/m?
(Fig. 3f). Therefore, subsequent analyses used the pSTR
amplitude elicited at an intensity of —5.2 log cd-s/m? to
compare the control and ONC eyes (indicated by the
arrows in Fig. 3). Significant differences were seen in the
pSTR amplitude between the control and ONC eyes after
day 3 (paired ¢ test, P < 0.01 fordays 3 and 7; P < 0.005
for days 5 and 10).

Inner retinal thickness after ONC, measured
with in vivo OCT imaging

Finally, we measured the thickness of the inner retina
around the optic nerve head, as a morphological
indicator of the status of the RGCs on days 1, 2, 3, 5,7
and 10 after ONC (Fig. 4b). Figure 4b shows a
representative OCT image, obtained on day 10, in
which the selective loss of the inner retina is visible.
After day 5, the inner retinal thickness gradually and
progressively declined, with the most significant
difference between the control and ONC eyes being
seen on day 10 (Fig. 4c, Bonferroni test, P < 0.01).

Stimulus intensity (log cd-s/m?)

Stimulus intensity (log cd-s/m?)

pSTR amplitude elicited by a stimulus intensity of —5.2 log cd-
s/m?. pSTR positive scotopic threshold response, ONC optic
nerve crush, error bars standard error, *P < 0.01, **P < 0.005

Correlation between pSTR and inner retinal
thickness

The pSTR amplitude and inner retinal thickness of the
ONC eyes were normalized to those of the contralat-
eral control eyes, expressed as a percentage and
plotted as a function of the post-ONC period (Fig. 4d).
A rapid loss in pSTR amplitude was seen on day 3,
followed by a gradual loss over time, concurrent with
the gradual loss of inner retinal thickness.

Discussion

In this study, we found that changes in the pSTR could
be used to detect dysfunction of the RGCs as early as
day 3 after ONC and that changes occurred in the pSTR
earlier than in the OCT-measured morphology of the
retina, which did not occur until day 10. Moreover, we
previously used retrograde Fluorogold labeling of the
RGCs to show that RGC loss began 5 days after ONC,
suggesting that the alterations in the pSTR observed
here occurred before even microscopic loss of the
RGCs [4]. We have also previously found that in
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