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Abstract

Early stages of glaucoma and optic neuropathies are thought to show inner retina remodeling and
functional changes of retinal ganglion cells (RGCs) before they die. To assess RGC functional
plasticity, we investigated the contrast-gain control properties of the pattern electroretinogram
(PERG), a sensitive measure of RGC function, as an index of spatio-temporal integration
occurring in the inner retina circuitry subserving PERG generators. We studied the integrative
properties of the PERG in mice exposed to different conditions of neurotrophic support. We also
investigated the effect of genotypic differences among mouse strains with different susceptibility
to glaucoma (C57BL/6J, DBA/2J, DBA/2.Gpnmb+). Results show that the integrative properties
of the PERG recorded in the standard C57BL/6J inbred mouse strain are impaired after deficit of
neurotrophic support and partially restored after exogenous neurotrophic administration. Changes
in PERG amplitude, latency, and contrast-dependent responses differ between mouse strains with
different susceptibility to glaucoma. Results represent a proof of concept that the PERG could be
used as a tool for in-vivo monitoring of RGC functional plasticity before RGC death, the effect of
neuroactive treatments, as well as for high-throughput tool for phenotypic screening of different
mouse genotypes.
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Introduction

Methods

Early stages of optic neuropathies, including glaucoma, are characterized by loss of axonal
and synaptic function (Adalbert and Coleman, 2013; Almasieh et al., 2012), as well as by
compensatory changes in surviving neurons (Samuel et al., 2011). Dendritic shrinkage/
remodeling preceding cell death and loss of retinal ganglion cell (RGC) function is well
documented in ex-vivo retinal preparations (Buckingham et al., 2008; Enriquez-Algeciras et
al., 2013; Liu et al., 2011; Morquette and Di Polo, 2008; Williams et al., 2013; Williams et
al., 2012) (Della Santina et al., 2013) (Pang et al., 2015). An in vivo, non-invasive method to
assess RGC functional plasticity would greatly improve our ability to detect/monitor early
stages of the disease and the effects of neuroprotective treatments. To this aim, we have
investigated the integrative properties of the pattern electroretinogram (PERG), a sensitive
measure of RGC function (Porciatti, 2015). The PERG is reversibly altered in DBA/2J
mouse glaucoma before histological loss of RGC bodies and axons (Howell et al., 2007b;
Nagaraju et al., 2007; Porciatti and Nagaraju, 2010; Saleh et al., 2007). The PERG has been
shown to be altered in the absence of cell death when target-derived neurotrophic support to
RGCs is impaired (Chou et al., 2013; Yang et al., 2013). The PERG may also display
differences between common mouse strains (Porciatti et al., 2010).

Here we specifically investigated in the mouse how PERG amplitude and latency change as
a function of stimulus strength (contrast). The PERG signal integrates the activity of a large
number of RGCs that includes cellular function as well as connectivity of the inner retina
circuitry impinging on RGCs (Porciatti, 2015). Signal integration requires time (manifested
as response latency after stimulus onset), which typically decreases as the strength of the
stimulus increases. Also, the response gain (strength of response relative to the strength of
the stimulus) may change for different levels of stimulus strengths to adapt the limited
dynamic range of neurons to the spatio-temporal statistics of the stimulus. Changes in both
response latency and gain with contrast have been explained within neural gain control
modeling frameworks (Beaudoin et al., 2008; Carandini and Heeger, 2012; Demb, 2008;
Demb et al., 1999; Shapley and Enroth-Cugell, 1984). We show that the integrative
properties of the PERG recorded in the standard C57BL/6J inbred mouse strain are
modifiable in response to alterations of neurotrophic support. PERG integrative properties
may also differ between mouse strains with different susceptibility to glaucoma.

Animals and husbandry

All procedures were performed in compliance with the Association for Research in Vision
and Ophthalmology (ARVO) statement for use of animals in ophthalmic and vision research.
The experimental protocol was approved by the Animal Care and Use Committee of the
University of Miami. A total of 88 mice were used to investigate the effect of neurotrophic
support and genotype on PERG at different stimulus contrast. All mice were maintained in a
cyclic light environment (12 h light: 50 lux — 12 h: dark) and fed with Grain Based Diet (Lab
Diet: 500, Opti-diet, PMI Nutrition International, Inc., Brentwood, MO). All procedures and
testing were performed under anesthesia by means of intraperitoneal injections (0.5-0.7
ml/kg) of a mixture of ketamine (42.8 mg/ml) and xylazine (8.6 mg/ml). For the experiments
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on the role of neurotrophic support, PERGs were recorded before and one week after
intravitreal injection of BDNF (2 pL, 5 pug/uL) or anti-BDNF antibody (2 uL, 1 ug/uL) using
a Hamilton syringe connected to a fine needle (33 gauge/0.375 inch/point style 4). For the
experiments on chronic deficiency of target-derived factors, the bone overlying the right
superior colliculus (SC, 0.5 mm lateral to the central suture, 2.9 mm posterior to the bregma)
was drilled under sterile conditions to aspirate a narrow column of cortical tissue and expose
the SC. Then the superficial layers of the SC were also removed by aspiration (Yang et al.,
2013). PERGs were recorded from the left eye —contralateral to the lesioned SC— one month
after surgery.

Pattern Electroretinogram — PERG

RGC function was assessed by Pattern Electroretinogram (PERG), an electrical signal that
specifically depends on the presence of functional RGCs (Chou et al., 2013; Miura et al.,
2009; Porciatti, 2015; Porciatti et al., 1996; Xia et al., 2014)and is commonly used in human
and experimental models of glaucoma and optic neuropathies (Enriquez-Algeciras et al.,
2013; Howell et al., 2007a; Porciatti, 2015; Yu et al., 2015; Yu et al., 2012). Anesthetized
mice were gently restrained in a holder allowing unobstructed vision as previously described
(Porciatti et al., 2007) and kept at a constant body temperature of 37.0 °C using a rectal
probe and fee dback-controlled heating pad (TCAT-2LV; Physitemp Instruments, Inc.
Clifton, NJ). Pupils were natural and had a diameter smaller than 1 mm at the mean
luminance of the visual stimulus (Nagaraju et al., 2007); eyes were not refracted for the
viewing distance since the mouse eye with natural pupil has a large depth of focus (Artal et
al., 1998; Remtulla and Hallett, 1985; Schmucker and Schaeffel, 2004). A small drop of
balanced saline was topically applied every 15 min to prevent corneal drying. A PERG
electrode (0.25 mm diameter silver wire configured to a semi-circular loop of 2 mm radius)
was placed on the extrapupillary corneal surface by means of a micromanipulator. Reference
and ground electrodes were subcutaneous stainless steel needles inserted in the scalp behind
the interaural line and the base of tail, respectively. At the end of the recording session the
pupil was dilated to check for possible lens opacification, which was not detectable in all
eyes tested as assessed with a 2.7x surgical loupe.

Visual stimuli consisted of contrast-reversing (2 reversal/s) horizontal bars (0.05 cycles/deg,
mean luminance 50 cd/m? of two different Michelson contrasts — high, 1.0 and low, 0.2 —
generated by a programmable graphic card (VSG- Cambridge Research Systems, Rochester,
UK) on a CRT display (Sony Multiscan 500) whose center was aligned with the projection
of the pupil. At the viewing distance of 15 cm, the stimulus field covered an area of 69.4 x
63.4 deg (Porciatti et al., 2010). Occluded visual stimuli of 1.0 contrast were also used to
record noise responses.

Retinal signals were averaged in sync with each contrast-reversal over 1800 epochs to
retrieve PERG waveforms. In all mouse groups, PERG waveforms (examples in Figure 1
and 2) consisted of a positive wave (defined as P1) followed by a slower negative wave with
a broad trough (defined as N2) (Chou et al., 2014; Porciatti, 2015; Porciatti et al., 2007; Xia
et al., 2014). The positive peak and the negative trough of PERG waveforms were
automatically identified using a macro written in Sigmaplot 11.2 language (Systat Software,
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San Jose, CA USA) to measure the peak-to-trough (P1-N2) amplitude (defined as PERG
amplitude) and the time-to-peak of the P1 wave (defined as PERG latency). Typically, the
PERG has its largest amplitude at maximum contrast and progressively decreases with
decreasing contrast while the PERG latency progressively increases (Porciatti, 2015;
Porciatti et al., 1996). The relationship relating PERG amplitude with contrast may be non-
linear (Porciatti et al., 2010). Departure from linearity implies that mechanisms of contrast
gain control are at play in the PERG generators (Beaudoin et al., 2008; Carandini and
Heeger, 2012; Demb, 2008; Demb et al., 1999; Shapley and Enroth-Cugell, 1984), which
this study seeks to quantify. Quantitative analysis of non-linearities in contrast response
functions is a laborious procedure that requires recording a series of PERG waveforms at
close-spaced contrasts and fitting corresponding amplitude/latency data with suitable
mathematical functions (e.g., (Albrecht and Hamilton, 1982)). A preset mathematical
function may sub-optimally fit contrast response functions in different mouse genotypes/
interventions. In addition, it requires assumptions on the relationship between stimulus and
response. For the purposes of the present study, we introduced a simplification by assessing
PERG amplitude and latency at high (1.0) and low (0.2) contrast only. Our rationale was, if
the relationship between PERG amplitude and contrast were linear, the amplitude at low
contrast would be lower than that at high contrast by a 0.2/1.0 factor. The normalized
contrast amplitude ratio (NAR) would be [amplitude @ 0.2 contrast -~ amplitude @ 1.0
contrast) + 0.2 = 1]. An NAR >1 would mean that the relationship between PERG amplitude
and contrast is non-linear of compressive type (the response at low contrast is relatively
higher than that at high contrast). An NAR <1 would mean that the relationship between
PERG amplitude and contrast is non-linear of expansive type (the response at high contrast
is relatively higher that that at low contrast). Thus, we calculated the NAR to have a
quantitative index of relative amplitude gain at low contrast in different mouse groups. We
also calculated the latency difference between PERG at low and high contrast (latency delta
= latency @ 0.2 minus latency @ 1.0) to have an index of latency change at low contrast. In
absence of contrast gain control, the expected NAR and latency delta are respectively 1 and
0.

Statistical differences between mouse groups have been analyzed by means of multivariate
analysis of variance (MANOVA) including all role variables (PERG amplitude and latency
and high and low contrast, NAR, latency delta). Association between PERG amplitude and
latency variables have been analyzed with Pearson correlation coefficient. All statistical tests
were performed with JMP pro statistical package (SAS Institute, NC).

Figure 1 shows representative examples of PERG waveforms recorded in one B6 mouse in
response to black-white reversing (2/s) gratings of fixed spatial frequency (0.05 cycles/deg)
and different contrasts, ranging between 1.0 and 0.2 in steps of 0.1 contrast. Note that by
decreasing contrast, the PERG amplitude progressively decreased whereas the PERG latency
progressively increased. The latency at 0.2 contrast was considerably longer than the latency
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at 1.0 contrast, suggesting that the temporal integration properties of PERG generators were
highly dependent on stimulus contrast.

Figure 2 shows population PERG waveforms (grand-average of waveforms recorded in
individual mice) at high and low contrast for all mouse groups. Note in all groups that at 0.2
contrast, compared to 1.0 contrast, the PERG signal had a smaller amplitude and longer
latency. Also note that the PERG signal at 0.2 contrast was larger than the noise.

In order to investigate whether PERG integrative properties depended on either neurotrophic
support or genotype, we tested the following hypotheses in young adult (~4 month old)
mice:

Effect of neurotrophic support in mice of the same C57BL/6J (B6) genetic background

If RGC functional plasticity depends on neurotrophic support, then intravitreal injection of
either BDNF or antibody against BDNF should modify integrative properties of the PERG.
The integrative properties of the PERG should also be altered after chronic deficit of target-
derived factors from the superior colliculus (Superior Colliculus Lesion, SCL) and perhaps
restored after intravitreal BDNF injection. Finally, a transgenic mouse for human mutant
P301S Tau with constitutionally reduced axonal transport in the optic nerve (Bull et al.,
2012) and possible chronic deficit of target-derived factors, may display altered integrative
properties of the PERG.

Effect of genotype

Because the PERG shows functional changes in pre-glaucomatous stages, PERG integrative
properties may differ between mouse strains known to display different vulnerability to IOP
elevation and glaucoma development. DBA/2J mice (D2) develop a pigment-dispersing iris
disease caused by mutations in two genes, Gpnmb and Tyrpl, which leads to age-related
IOP elevation and RGC loss (Howell et al., 2007a; Libby et al., 2005). D2 mice are the most
used genetic model of glaucoma (Fernandes et al., 2015). However, a congenic strain of B6
mice that has the same Tyrpl and Gpnmb mutations as DBA/2J mice and develops the same
degree of iris disease, is resistant to IOP elevation and does not develop glaucoma (Anderson
et al., 2006; Howell et al., 2007a). Coisogenic D2.Gpnmb+ mice have a Gpnmb gene with
normal function and do not develop elevated 10P or glaucoma with age (Howell et al.,
2007h).

PERG amplitudes and corresponding latencies for high and low contrast measured in
individual mice are displayed in Figure 3 as bi-directional scattergrams of group means
(£SEM). The upper panel (Fig. 3A—C) includes mice of the same B6 genetic background but
exposed to different conditions of neurotrophic support. The lower panel (Fig. 3D-F)
includes mice of different genotype with different susceptibility to glaucoma. High contrast
stimuli (Fig. 3A, 3D) showed a substantial separation among group means as indicated by
non- overlapping error bars of either amplitude, latency, or both. Reduction of stimulus
contrast (Fig. 3B, 3E) resulted in a substantially reduced PERG amplitude and a much
delayed PERG latency. The low-contrast PERG showed a substantial separation among
group means. However, the distribution of means appeared to differ from that of high-
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contrast PERG (compare Fig. 3A, with Fig. 3B, and Fig. 3D with Fig. 3E), suggesting that
diverse mouse groups may have different contrast-dependent properties.

Contrast-dependent PERG changes were isolated (Fig. 3C, 3F) by displaying amplitude
changes as normalized amplitude ratios, (NAR = amplitude @ 0.2/amplitude @ 1.0/0.2) as a
function of corresponding latency changes (Latency delta = latency @ 0.2 minus latency @
1.0). Fig. 3C compares contrast-dependent PERG changes between mice with the same
genetic B6 background but exposed to different conditions of neurotrophic support. In
absence of contrast gain control, the expected NAR and latency delta should have been 1 and
0, respectively. As all NARs were larger than 1 and all latency deltas had positive values,
this would mean that contrast gain control mechanisms were at play and regulating electrical
responsiveness of PERG generators. Interestingly, the distribution of means appeared to be
part of a continuum, with control B6 having the lowest NAR associated with largest latency
delta. There was a significant inverse correlation between NAR and latency delta (R? = 0.74,
P=0.027), suggesting a trade-off between amplitude gain and temporal integration in
contrast gain control mechanisms (Shapley and Enroth-Cugell, 1984). Overall, manipulation
of neurotrophic support appeared to be able to regulate integrative properties of RGC
responsiveness. The strongest effect was observed in SC-lesioned wild type mice,
conceivably due to compensatory mechanisms after chronic deficit of target-derived factors
(Yang et al., 2013).

Fig. 3F compares contrast-dependent PERG changes between mice with different genotype
and different susceptibility to glaucoma. There was a clear separation between B6, pre-
glaucomatous D2, and D2.Gpnmb+ strains, conceivably reflecting intrinsic differences in
inner retina PERG generators.

Data shown in fig. 3A—F were submitted to multivariate analysis of variance (MANOVA)
including all PERG role variables (amplitude and latency at high and low contrast, NAR,
latency delta) to isolate significant differences between mouse groups. Results are
summarized in Table 1. Two effects were investigated in relevant mouse groups, 1) Effect of
neurotrophic support in the same B6 genotype, 2) Effect of different genotype in glaucoma-
relevant strains.

Relevant within-group comparisons were made based on appreciable visual differences in
Fig. 3 and statistical analysis in Table 1.

1 — Effect of neurotrophic support, Fig. 3A-C

1.1 — B6 (black circle) vs B6+BDNF (green square): BDNF injection in the healthy retina
tended to reduce PERG latency at low contrast (Fig. 3B) but not at high contrast (Fig. 3A).
These trends were reflected in an increased amplitude gain and reduced latency delta (Fig.
3C). The overall effect was borderline significant (MANOVA, P=0.06), and may mean that
exogenous BDNF had a modest effect on RGC electrical responsiveness in the healthy
retina.

1.2 — B6 (black circle) vs B6+anti-BDNF (magenta hexagon): Antibody against BDNF
should reduce available BDNF support in the retina. Injection of anti-BDNF tended to
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reduce PERG amplitude at both high (Fig. 3A) and low contrast (Fig. 3B), without altering
amplitude gain and latency delta at low contrast (Fig. 3C). The overall effect was significant
(MANOVA, P=0.034). Note that injection of PBS (cyan circles in Fig. 3A, 3B and 3C) did
not cause significant changes in PERG amplitude and latency compared to non-injected
controls (black circles).

1.3 - B6 (black circle) vs B6+SCL (red triangle down): Chronic lesion to the superior
colliculus tended to reduce PERG amplitude and increase latency at high contrast (Fig. 3A)
but less so at low contrast (Fig. 3B), resulting in substantial difference in amplitude gain and
reduction in latency delta (Fig. 3C). The overall effect was highly significant (MANOVA, P
<0.0001). The inner retina of B6+SCL mice has been shown to thin and undergo molecular
changes after chronic deficit of target-derived neurotrophic factors (Yang et al., 2013). This
has been also shown to be associated with altered PERG at high contrast (Yang et al., 2013).
The present results show in addition a remarkable alteration of contrast gain control
properties (Fig. 3C). The effects of SCL on the PERG on B6 mice could not be replicated
with intravitreal injection of anti-BDNF on B6 mice (compare with section 1.2).

1.4 — B6+SCL (red triangle down) vs B6+SCL+BDNF (yellow diamond): Injection of
BDNF in mice with chronic lesion of the superior colliculus tended to shorten PERG latency
at both high (Fig. 3A) and low contrast (Fig. 3B) without noticeable differences in contrast
gain control (Fig. 3C). Overall, the effect of BDNF injection in B6+SCL mice was highly
significant (MANOVA, P< 0.0001). The PERG of BDNF-treated SCL mice was not
significantly different from that of control B6 mice (MANOVA, P=0.1). Thus, while BDNF
did not have a strong effect on healthy retina (mentioned in section 1.1), it was able to
induce substantial restorative changes in the inner retina of mice chronically deficient of
target-derived factors.

1.5 — B6 (black circle) vs B6.P301A Tau (blue triangle up): Transgenic P301S Tau mice
have constitutionally reduced axonal transport in the optic nerve. The PERG amplitude of
B6.P3101A Tau mice tended to be higher than that of B6 at both high and low contrast,
while the PERG latency was similar at both contrasts (Fig. 3A, 3B), resulting in a reduction
of latency delta (Fig. 3C). Overall, the difference between the two groups was highly
significant (MANOVA, P=0.0006), and may be related to overcompensatory changes in the
inner retina of mice transgenic for human mutant P301S Tau in response to constitutionally
reduced axonal transport in the optic nerve (Bull et al., 2012).

2 — Effect of genotype, Fig. 3D-F

2.1 — B6 (black circle) vs D2 (white circle): At both high and low contrast (Fig. 3D, 3E) B6
and D2 mice had similar PERG amplitudes, however the latency was substantially longer in
D2 mice. In D2 mice the amplitude gain was considerably lower than that of B6, and the
latency delta was shorter (fig. 3F). Overall, the difference between B6 and D2 was highly
significant (MANOVA, P < 0.0001). The difference between the PERG of B6 and pre-
glaucomatous D2 mice may be due to the relatively higher number of RGCs in D2 mice
(Williams et al., 1996) resulting in difference in inner retina connectivity and longer
integration time.
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2.2 — D2 (white circle) vs D2.Gpnmb+ (grey circle): At high contrast (Fig. 3D), D2 and

D2.Gpnmb+ mice had overlapping amplitude and latency. At low contrast (Fig. 3E),
however, D2.Gpnmb+ tended to have relatively larger amplitude and longer latency,
resulting in different contrast-dependent changes (Fig. 3F). Overall, the difference between
D2 and D2.Gpnmb+ mice was highly significant (MANOVA, P = 0.0012). D2 mice have a
mutant Gpnmb gene and develop a form of age-related pigmentary glaucoma. Coisogenic
D2.Gpnmb+ mice have a Gpnmb gene with normal function and do not develop IOP
elevation and glaucoma (Howell et al., 2007b). As the Gpnmb gene encodes a
transmembrane protein whose function(s) remain largely unknown, it is possible that
differences in GPNMB expression in the inner retina (Kompass et al., 2008) alter RGC
function and this is reflected in the PERG. The PERG of D2.Gpnmb+ mice were also
significantly different from that of B6 mice (MANOVA, P < 0.0001).

Discussion

The PERG is dominated by the summed activity of inner retina neurons with receptive field
organized in antagonistic regions, as they respond to each contrast-reversal transition
whereas the summed activity of photoreceptors is absent in the PERG at any contrast level
(Porciatti, 2007). Thus, it is possible to investigate whether the integrative properties of inner
retina neurons and their response dynamics depend on the stimulus contrast without the
confounding effects of outer retina activity. Contrast gain control mechanisms are known to
play a major role at sites where there is a large convergence of neural inputs to target
neurons (e.g., (Beaudoin et al., 2008)) as in the case of mouse RGCs (Jeon et al., 1998),
which may adjust their responsiveness at different contrasts to allow more efficient use of
their dynamic range.

The results of this study show that PERG assessment at high and low contrast can reveal
phenotypic differences among mouse strains of similar genetic background but exposed to
different conditions of neurotrophic support. Also, phenotypic differences could be detected
in mice with different genotype and different susceptibility to glaucoma. Contrast-dependent
PERG differences among groups may be thought to reflect changes occurring in the
integration field of inner retina circuitry impinging on RGCs and regulating RGC electrical
responsiveness.

Since neurotrophins are involved in synaptic plasticity (Blum et al., 2002; Leal et al., 2014;
Poo, 2001) we tested the hypothesis that modulation of neurotrophic support would alter
contrast-dependent PERG changes. Converging results of this study supported this
hypothesis. First, chronic deficiency of target-derived neurotrophic factors in superior
colliculus lesioned mice reduced and delayed the PERG signal and also altered contrast gain
control by increasing amplitude gain and reducing latency delta at low contrast. Changes in
contrast gain control might be interpreted as a compensatory response to neurotrophic
deficiency associated with inner retina shrinkage (Yang et al., 2013). Increased gain at low
stimulus intensity has been also reported in other sensory systems, such as seen in the
auditory system in the case of tinnitus to compensate for neural loss (Parra and Pearlmutter,
2007). More generally, changes in gain control have been suggested in a number of disorders
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and in normal aging (e.g., (Betts et al., 2005; Butler et al., 2008; Porciatti et al., 2000;
Rosenberg et al., 2015)).

Second, injection of BDNF in superior colliculus lesioned mice restored, at least in part,
altered PERG integrative properties. Third, injection of anti-BDNF antibody reduced and
delayed the PERG signal, showing that BDNF is necessary to sustain PERG responsiveness.
Fourth, in B6.301S Tau mice with constitutionally reduced axon transport (Bull et al., 2012)
the PERG signal was larger than that of control B6 at both high and low contrast. This may
be interpreted as developmental overcompensation and maladaptive neuronal reorganization
as it has been postulated for human tinnitus (Rauschecker et al., 2010). Altogether, these
results demonstrate that integrative properties of PERG are modifiable by modulation of
neurotrophic support and are detectable with PERG.

Our results also show that PERG integrative properties may also display substantial
differences between mouse strains with different susceptibility to glaucoma. In particular,
the PERG of D2 mice had a longer latency than that of B6 at high contrast as well as
different contrast gain control properties. D2 mice are known to have significantly higher
numbers of RGCs compared to B6 (Williams et al., 1996), and this may result in different
inner retina connectivity and longer integration time. Dramatic reorganization of inner retina
connectivity has been previously shown in transgenic mice expressing the antiapoptotic gene
bcl-2 (Strettoi and Volpini, 2002) that had a larger number of RGCs due to inhibition of
developmental cell death. Reorganization of inner retina connectivity in Bcl-2
overexpressing mice did not impact behavioral visual acuity (Gianfranceschi et al., 1999).
Significant differences were also detectable between pre-glaucomatous D2 and coisogenic
D2.Gpnmb+ mice, in agreement with previous results (Porciatti et al., 2010). D2 and
D2.Gpnmb+ mice had overlapping PERG amplitude and latency at high contrast, but
different contrast gain control characteristics. As these differences cannot be explained based
on different number of RGCs, they may be due to different GPNMB expression in the inner
retina as well as to other unknown factors that impact PERG integrative properties.

In conclusion, the integrative properties of the PERG recorded in the standard C57BI/6J
inbred mouse strain are impaired after deficit of neurotrophic support, and partially restored
after exogenous neurotrophic administration, conceivably reflecting plastic changes in RGC
electrical responsiveness. This further supports the critical role of neurotrophic support on
neuronal electrical activity. PERG integrative properties also differ between mice with
different genotype and with different susceptibility to glaucoma. Recently, several studies
have shown in mouse models of glaucoma significant changes in dendritic structure
associated with loss of function in distinct RGC and amacrine cell types (Della Santina et
al., 2013; El-Danaf and Huberman, 2015; Pang et al., 2015). Whether similar mechanisms
subserve the contrast-dependent PERG changes identified in the present study, will require
further investigation. Nevertheless, the present results represent a promising proof of concept
that the PERG could be used as a tool for in-vivo monitoring of the effect of neurotrophic
support on electrical activity of inner retina, as well as for phenotypic screening of different
mouse genotypes. These pursuits may be greatly facilitated by the use of high- throughput
PERG methods (Chou et al., 2014) that are now commercially available.
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We propose an in-vivo method to quantify retinal ganglion cell (RGC) functional
plasticity.

We examine the integrative properties of the Pattern Electroretinogram (PERG) in
mice.

PERG integrative properties are modifiable with neurotrophic support.

Mouse genotypes differently susceptible to glaucoma have distinct PERG
integration.
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10 pVv

100 ms

Figure 1.
Examples of PERG waveforms at different contrasts. PERGs were recorded in one

representative C57BL/6J mouse (B6) in response to black-white reversing (2/s) gratings of
fixed spatial frequency (0.05 cycles/deg) and different contrasts. At all contrasts, the PERG
waveform consists of a major positive wave (P1) followed by a negative wave (N2). PERG
amplitude was measured peak-to- trough (P1-N2) and PERG latency was the time-to-peak of
the P1 wave. Note that by decreasing contrast, the PERG amplitude progressively decreases
whereas the PERG latency progressively increases.
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Population PERG waveforms for different mouse groups. Waveforms represent the grand-
average of PERG waveforms recorded in individual mice. Black continuous line, PERG in
response to 1.0 contrast pattern-reversal stimuli; gray continuous line, PERG in response to

0.2 contrast pattern reversal stimuli; black-dashed line, Noise signal in response to an

occluded pattern stimulus.
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Figure 3.

Effect of contrast on PERG amplitude and latency for different mouse groups. Top panels:
B6 mice exposed to different conditions of neurotrophic support (A-C). Bottom panels:
Mice with different genotype (D-F). A, D: mean (zSEM) amplitudes as a function of
corresponding mean (+SEM) latencies for stimuli of 1.0 contrast. B, E: mean (xSEM)
amplitudes as a function of corresponding mean (£SEM) latencies for stimuli of 0.2 contrast.
C, F: Normalized mean (zSEM) amplitude ratios [(amplitude at 0.2 contrast + amplitude at
1.0 contrast) + 0.2] as a function of mean (+SEM) latency deltas (latency at 0.2 contrast
minus latency at 1.0 contrast). Note in all panels that there is a sizeable separation between
mouse groups, and that the distribution of mouse groups may depend on the contrast level.
B6, control C57BL/6J; B6+SCL, lesion of the contralateral superior colliculus one month
before; B6+BDNF, 2 weeks after intravitreal injection of BDNF; B6+SCL+BDNF, 2 weeks
after intravitreal injection of BDNF in mice with lesion of the contralateral superior
colliculus; B6.P301S Tau, mice transgenic for human mutant P301S Tau; B6+anti-BDNF, 2
weeks after intravitreal injection of anti-BDNF; B6+PBS, 1 week after intravitreal injection
of PBS; D2, DBA/2J mice 4 months old; D2.Gpnmb+, mice coisogenic with D2 that have a
Gpnmb gene with normal function.
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