Glaucoma

Transgenic Mice Expressing Mutated Tyr437His Human
Myocilin Develop Progressive Loss of Retinal Ganglion
Cell Electrical Responsiveness and Axonopathy With
Normal IOP
Tsung-Han Chou,1 Stanislav Tomarev,2 and Vittorio Porciatti1
1

Bascom Palmer Eye Institute, University of Miami, Miller School of Medicine, Miami, Florida, United States
Retinal Ganglion Cell Biology Section, Laboratory of Retinal Cell and Molecular Biology, National Eye Institute, National Institutes
of Health, Bethesda, Maryland, United States

2

Correspondence: Vittorio Porciatti,
Bascom Palmer Eye Institute,
McKnight Vision Research Center,
1638 NW 10th Avenue, Room 201D,
Miami, FL 33136, USA;
vporciatti@med.miami.edu.
Submitted: May 14, 2014
Accepted: August 1, 2014
Citation: Chou T-H, Tomarev S, Porciatti V. Transgenic mice expressing
mutated Tyr437His human myocilin
develop progressive loss of retinal
ganglion cell electrical responsiveness
and axonopathy with normal IOP.
Invest Ophthalmol Vis Sci.
2014;55:5602–5609. DOI:10.1167/
iovs.14-14793

PURPOSE. To characterize age-related changes of retinal ganglion cell (RGC) function, IOP, and
anatomical markers of axon/glia integrity in a transgenic mouse expressing Tyr437His mutant
of human myocilin protein.
METHODS. Retinal ganglion cell electrical responsiveness was tested with pattern electroretinogram (PERG) in 11 transgenic mice expressing mutated myocilin at different ages over 18
months under ketamine/xylazine anesthesia. Twelve age-matched C57BL/6J mice also were
tested as controls. Intraocular pressure was measured with a Tonolab tonometer.
Immunohistochemistry for GFAP and neurofilament was performed on dissected optic nerve
heads.
RESULTS. In transgenic mice expressing mutated myocilin, the PERG amplitude progressively
decreased with increasing age by approximately 50%, whereas the PERG peak latency
increased by approximately 40 ms (ANOVA, P < 0.05). In contrast, PERGs of young and old
control mice had similar amplitudes and peak latencies. In transgenic mice, GFAP staining was
more intense and extended than in control mice, and increased with increasing age;
neurofilament staining showed swollen and partially degenerated axons in old transgenic
mice. The IOP of young transgenic mice was similar to that of control mice and did not
significantly change with increasing age.
CONCLUSIONS. Transgenic mice expressing mutated human myocilin display progressive agerelated changes in RGC electrical responsiveness that are not associated with IOP elevation
but are associated with marked astrogliosis and axonopathy. Our results support the view that
MYOC expression in the optic nerve may impact structural, metabolic, or neurotrophic
support to RGC axons, thereby influencing their susceptibility to glaucomatous damage
independently of IOP.
Keywords: retinal ganglion cell, pattern electroretinogram, mouse, myocylin, optic nerve,
intraocular pressure

laucoma is a prevalent group of diseases whose common
feature is progressive death of retinal ganglion cells
(RGCs), optic nerve degeneration, and eventually blindness.1,2
The most common form of glaucoma, primary open-angle
glaucoma (POAG), is often associated with elevated IOP.
However, glaucomatous degeneration of the optic nerve also
may develop in individuals without elevated IOP.3 Despite
decades of research, the causative mechanisms of glaucomatous
neurodegeneration are still largely unclear.4–6 Different genes
have been identified that account for a small proportion of
POAG. In most cases, POAG is inherited as a complex trait.7,8
The first identified and the most studied gene is MYOC, which
is highly expressed in the human trabecular meshwork (TM)9
but also expressed in other ocular tissues, such iris, ciliary body,
and optic nerve.10,11 Several studies have suggested that MYOC
mutations are associated with 3% to 4% of POAG patient
populations worldwide.12 The role of myocilin in POAG is not

fully understood.11,12 Intracellular accumulation of myocilin
aggregates is believed to deteriorate TM function and cause IOP
elevation.13–15 Specific MYOC mutations seem to be associated
with different levels of IOP elevation and severity of optic
neuropathy.16 However, mice with either deletion of the Myoc
gene17 or overexpression of wild-type (wt) Myoc18 have normal
IOP and no RGC/axon degeneration, suggesting a gain-offunction property of mutated MYOC.18 Transgenic (Tg) mice
expressing the Tyr423His mutant of mouse19 or Tyr437His
human20 myocilin proteins develop modest IOP elevation and
mild RGC loss in the peripheral retina of aged mice. Transgenic
mice expressing high levels of mutated human myocilin
(Tyr437His) under the control of the cytomegalovirus promoter
develop elevated IOP, and early, progressive RGC death and
axonal degeneration.15
MYOC is also expressed in the retinal pigmented epithelia
and optic nerve head and optic nerve astrocytes.21–26 Thus,
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mutated myocilin may potentially contribute to the optic
neuropathy. Here we report that Tg mice expressing the
Tyr437His mutant of human myocilin protein develop progressive RGC dysfunction associated with marked axonal
swelling and astrogliosis in the optic nerve head but not IOP
elevation.

METHODS
Animals and Husbandry
All procedures were performed in compliance with the 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. Transgenic
mice expressing the Tyr437His mutant human myocilin
protein have been described.20 Transgenic founders were
crossed to C57BL/6J (B6) mice, and the presence of the MYOC
mutation in later generations was confirmed by PCR on DNA
extracted from tail snips. A total of 11 Tyr437His-positive
progenies were available in different age groups: first group,
tested at 2 months of age with pattern electroretinogram
(PERG)/pattern visually evoked potential (PVEP) and then
euthanized for immunohistochemistry; second group, tested
serially at 4 and 7 months of age; third group, tested serially
with PERG at 10, 13, 16, and 18 months of age. At end point,
PVEP was recorded and mice euthanized for immunohistochemistry. Twelve B6 mice (six aged 4 months, six aged 18
months) were tested as controls. IOP data on 13 B6 mice aged
16 and 18 months from a previous study27 were also included.
Mice were maintained in a cyclic light environment (12 hours
light at 50 lux and 12 hours dark) and fed with grain-based diet
(Lab Diet 500, Opti-diet; PMI Nutrition International, Inc.,
Brentwood, MO, USA). All measurements (IOP, pattern ERG,
visually evoked potentials) were performed under anesthesia.
Mice were weighed and anesthetized with intraperitoneal
injections (0.5–0.7 mL/kg) of a mixture of ketamine (42.8 mg/
mL) and xylazine (8.6 mg/mL). After testing, mice were
humanely euthanized and the optic nerves harvested for
immunohistochemical analysis.

IOP Measurement
Intraocular pressure was measured with an induction/impact
tonometer (Tonolab Colonial Medical Supply, Franconia, NH,
USA). The tonometer was fixed in a vertical position to a
support stand by means of clamps. The probe tip was aligned
with the optical axis of the eye at 1 to 2 mm distance using a
magnifier lamp. Three consecutive IOP measures of five
readings each were taken and then averaged (15 readings
averaged). Local corneal anesthesia was not used because
repeated IOP measurements can be performed in nonsedated
mice and are not reported to cause obvious corneal damage at
biomicroscopic examination. Intraocular pressure readings
obtained with Tonolab have been proven to be accurate and
reproducible in different mouse strains.28–31

Pattern Electroretinogram
Retinal ganglion cell function was assessed by means of the
PERG, an electrical signal that specifically depends on RGC
integrity32–34 and is commonly used in human and experimental models of glaucoma and optic neuropathies.35–37 Pattern
electroretinograms were simultaneously recorded from both
eyes according to a new paradigm recently described.38
Anesthetized mice were gently restrained in a custom-made
holder that allowed unobstructed vision. The body of the
animal was kept at a constant body temperature of 37.08C
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using a rectal probe and feedback-controlled heating pad
(TCAT-2LV; Physitemp Instruments, Inc., Clifton, NJ, USA).
Pupils were natural and had a diameter smaller than 1 mm39;
eyes were not refracted for the viewing distance because the
mouse eye has a large depth of focus.40,41 A small drop of
balanced saline was topically applied as necessary to prevent
corneal dryness.
Visual stimuli consisted of contrast-reversing bars with
approximately square wave luminance profile38,42 generated
on two custom-made light-emitting diode (LED) tablets (15 3
20 cm). Tablets were made with six parallel rows of 19 LEDs
each (LTW-E670DS; LITEON, New Taipei City, Taiwan)
separated from each other in a framework of alumina-reflective
strips and covered with a diffuser to generate uniform
luminance distribution on the surface of each LED row. At
the viewing distance of 10 cm, each pattern stimulus covered
an area of 568 vertical 3 638 horizontal approximately centered
on the projection of the optic disk and was invisible to the
contralateral eye. The mean luminance of the two LED tablets
was 500 cd/m2 as measured by a photometer (OptiCal OP200E; Cambridge Research Systems Ltd., Rochester, UK). Contrast
was greater than 95%, defined as C ¼ (Lmax – Lmin)/(Lmax þ
Lmin), where Lmax ¼ luminance of the bright stripes and Lmin
¼ luminance of the dark stripes. Each stimulus contained six
horizontal bars (three white and three dark, 0.05 cycles per
degree). A spatial frequency of 0.05 cycles per degree and
maximum contrast has been previously shown to elicit PERGs
of maximal amplitude.43 A software-controlled digital signal
processing (Universal Smart Box; IHSYS, Miami, FL, USA)
generated transistor-transistor logic (TTL) signals to trigger the
circuit of LED pattern reversal with two unsynchronized
stimulation rates (right eye: every 492 ms; left eye: every 496
ms).
Pattern electroretinograms from each eye were simultaneously derived from a common subcutaneous stainless steel
needle (Grass, West Warwick, RI, USA) placed in the snout.
The reference and ground electrodes were similar needles
placed medially on the back of the head and at the root of the
tail, respectively. Electrical signals were amplified (10,000
times), band-pass filtered (1–300 Hz, 6 dB/oct), acquired over
183.024 seconds (corresponding to 369 right eye and 372 left
eye epochs) and averaged in synchrony with corresponding
TTL triggers. The two contrast-reversal frequencies (0.992 Hz
and 0.984 Hz) and the averaging time were calculated to obtain
a cancellation of the crosstalk between the responses of the
right and left eyes, in agreement with previous published
theory that enables cross-talk cancellation in simultaneous
recordings of multiple generators.42,44 The recording protocol
was based on three consecutive PERG responses, which were
automatically superimposed to check for consistency and
averaged. As the total recording time was quite long (9
minutes), it was possible that the recording conditions (i.e.,
anesthesia level) changed over time. As a cautionary measure,
the protocol required that successive partial averages were
consistent. If not, recording conditions had to be restored and
the entire set of partial PERGs recorded again. This occurrence
never happened in the present study. As shown in Figures 1A
and 1F, PERG waveforms of young Tg and B6 mice consisted of
a small negative wave peaking at approximately 50 ms (N1), a
positive wave peaking at approximately 80 ms (P1), and a
broad negativity peaking at approximately 350 ms (N2).38
Pattern electroretinogram waveforms were automatically
analyzed with MATLAB software (MathWorks, Natick, MA,
USA) to identify the major positive (P1) and negative trough
(N2). As the small N1 wave could not be unambiguously
identified in all PERGs, the amplitude of P1 wave was
calculated from baseline to P1 peak; the amplitude on N2
wave was calculated from baseline to N2 trough (the lowest
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FIGURE 1. Age-related PERG changes in Tg mice expressing Tyr423His human myocilin (top) compared with control C57BL/6J (B6) mice (bottom).
(A, B, F, G) Pattern electroretinogram waveforms recorded in individual eyes of young and old mice (black: 2 months old; gray: 18 months old). (C,
H) The corresponding grand-average PERG waveforms. Pattern electroretinogram amplitudes (D, E) and peak latencies (E, J) as a function of age in
Tg mice (top) and B6 mice (bottom). Open symbols represent PERG amplitudes and latencies measured in individual mice (average of the two eyes).
Filled symbols adjacent to open symbols represent the corresponding means 6 SEM. Note in (D, E, I, J) that in Tg mice the PERG amplitude
progressively decreases with increasing age while the PERG peak latency increases. In control mice, the PERG amplitude and peak latency are
invariant with age.

negative trough after P1 wave). The peak latency of N2 wave
was not considered in the analysis, as its broadness and
distortions by noise generated measurement ambiguity. For the
purposes of the presents study, the PERG amplitude was
defined as the peak-to-trough amplitude of P1-N2 waves, and
PERG latency as the peak latency of P1 wave.38

Pattern Visually Evoked Potentials
Pattern visually evoked potentials were recorded monocularly
(right eye first, left eye second) in response to pattern-reversal
stimuli (0.05 cycles per degree > 95% contrast, 1 Hz reversal
rate) similarly to the PERG. Pattern visually evoked potentials
were recorded from stainless steel screws (shaft length 2.4
mm, shaft diameter 1.57 mm; PlasticsOne, Roanoke, VA, USA)
inserted into the skull contralateral to the stimulated eye 2 mm
lateral to the lambda suture, which corresponds to the
monocular visual cortex.45,46 Reference and ground electrodes
were subcutaneous stainless steel needles in the neck and at
the base of the tail, respectively. Pattern visually evoked
potential signals were amplified (10,000) band pass filtered (1–
100 Hz) and averaged (three consecutive, partial averages of
600 epochs each, whose grand-average constituted the PVEP
response). As for the PERG, PVEP signals were automatically
analyzed to retrieve the peak-to-trough amplitude and the peak
latency of the major positive wave.

Immunohistochemistry
For immunohistochemistry, six mice were perfused with 4%
paraformaldehyde, and the eyes with optic nerves were
enucleated and immersion-fixed in the same fixative for
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overnight. The eyes were then rinsed in PBS (pH 7.4) and
dissected. The eye with optic nerve was covered in tissuefreezing medium (Tissue-Tek, Torrance, CA, USA) and 10-lm
thick frozen sections were cut and mounted on the glass slides
(Cat#16004-406; VWR VistaVision HistoBond Microscope
Slides; VWR International, Radnor, PA, USA). The sections were
permeabilized in the 0.5% Triton X-100 and then immersed in
the 0.2% Triton X-100 with goat serum to reduce nonspecific
background staining, followed by overnight incubation of the
primary antibody at 48C. Antibodies used included mouse antiGFAP with Cy3 conjugated (dilution 1:100; EMD Millipore,
Temecula, CA, USA) and rabbit antineurofilament (dilution
1:200; Abcam, Inc., Cambridge, MA, USA). After washing in
PBS, the sections were incubated with goat anti-rabbit Cy2
secondary antibody (dilution 1:100; Jackson ImmunoResearch
Laboratories, Inc., West Grove, PA, USA) for 1 hour at room
temperature. The sections were rinsed again, mounted with
4 0 ,6-diamidino-2-phenylindole (DAPI) (H-1200; Vector Laboratories, Inc., Burlingame, CA, USA), and viewed with a confocal
microscope (Leica, Exton, PA, USA) (310).

Statistics
Main analyses were performed by univariate ANOVAs. For
analyses of PERG, IOP, and PVEP data, the measurements of the
two eyes were averaged and used a single entry.

RESULTS
The main results of this study are summarized in Figure 1.
Figures 1A and 1F show that robust PERGs were recordable in
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FIGURE 2. Age-related IOP measurements in Tg mice expressing Tyr423His human myocilin (A) compared with control C57BL/6J (B6) mice (B).
Each symbol represents the average of the two eyes. (C) Mean 6 SEM IOP for each age group of Tg and B6 mice.

all eyes of young Tg and B6 mice and consisted of a small
negative wave (N1, ~50 ms), a large positive wave (P1, ~80
ms), and a late negative wave (N2, ~300 ms).38 No obvious
differences were noticeable between young B6 and Tg mice,
except a trend to a larger variability in young Tg mice
compared with young B6 mice. Pattern electroretinograms of
old Tg mice, however, appeared to have reduced amplitude
compared with both young Tg mice (Fig. 1A) and old B6 mice
(Fig. 1G). Figures 1C and 1H overlay the grand-average PERG
waveforms of young and old Tg mice and young and old B6
mice, respectively. It can be noted that the grand-average PERG
of old Tg mice, compared with that of young Tg mice,
appeared reduced and delayed. No substantial differences were
apparent between young and old B6 mice.
The scattergrams displayed in Figures 1D and 1E show peakto-trough (P1-N2) amplitude and P1 peak latencies as a
function of increasing age in individual Tg mice. It can be
noted that the PERG amplitude progressively decreased with
increasing age while the PERG peak latency increased. The
effect was significant, even though the sample was small
(ANOVA: PERG amplitude, P ¼ 0.03; PERG peak latency, P ¼
0.013). In contrast, Figures 1I and 1J show that the PERG
amplitudes and latencies of young and old B6 mice did not
show measurable differences.
The scattergrams shown in Figure 2 summarize IOP
measurements (average of the two eyes) of Tg and B6 mice
of different ages. Figure 2 also includes IOP data on B6 mice
aged 16 and 18 months from a previous study.27 The ranges of
IOP values of Tg and B6 mice largely overlapped. Univariate
ANOVAs did not did not reveal significant effect of age (Tg: P ¼
0.41; B6: P ¼ 0.08). Two-way ANOVA did not reveal significant
effect of genotype (Tg versus B6, P ¼ 0.09). To investigate the
possibility of an IOP role in PERG changes, we performed a
multiple regression analysis in Tg mice with either PERG
amplitude or peak latency as dependent variable and age and
IOP as independent variables. In both cases, age predicted
PERG amplitude (P ¼ 0.03) and peak latency (P ¼ 0.008),
whereas IOP did not significantly contribute to the model. In
B6 mice, neither age nor IOP were significant predictors of
PERG amplitude/peak latency.
Figure 3 compares neurofilament and glial fibrillary acidic
protein (GFAP) immunostaining of two young and two older
Tg mice in longitudinal sections through the optic nerve head
and optic nerve. In young Tg mice, neurofilament staining
showed normal appearance of RGC axons in Figures 3A and
3C. Glial fibrillary acidic protein–stained cells were present in

Downloaded from iovs.arvojournals.org on 04/15/2021

the optic nerve fiber layer of the retina, in the nonmyelinated
as well as in the myelinated part of the optic nerve. However,
GFAP staining was much more extended than that of the
control C57BL/6 mice (Fig. 3I).47 In older Tg mice, neurofilament staining showed swollen and partially degenerated RGC
axons (Figs. 3E, 3G). Glial fibrillary acidic protein–stained cells
invaded virtually the entire optic nerve head as well as the
optic nerve fiber layer of the retina (Figs. 3F, 3H).
Figures 4A and 4B compare the PVEP waveforms of young
(2 months old, n ¼ 3, six eyes) and older (18 months old, n ¼ 3,
six eyes) Tg mice in response to the same stimulus used for
PERG recording. Signals were recorded by means of screws
implanted in the superficial layers of monocular cortices
contralateral to the stimulated eyes. In Figure 3C, grandaverage PVEPs for each group are shown superimposed. In
agreement with previous reports,45,46 the intracortical PVEP
waveform recorded from superficial layers of the visual cortex
was characterized by a prominent positive wave peaking at
approximately 100 ms, followed by a broad negativity. In older
Tg mice, compared with young mice, the grand-average peakto-trough amplitude appeared reduced and the peak latency of
the positive wave appeared delayed. However, the mean PVEP
amplitude and peak latency evaluated from individual waveforms (Figs. 4D, 4E) were not significantly different between
young and older Tg mice (t-test, amplitude, P ¼ 0.35; peak
latency, P ¼ 0.5).

DISCUSSION
As the MYOC gene expression is largest in the TM, the focus of
most studies has been on the role of myocilin in regulating IOP;
however, MYOC is also expressed in the optic nerve. This
raises the possibility that myocilin plays a structural and
functional role in the optic nerve, thereby impacting susceptibility of optic nerve axons to glaucomatous damage.
Transgenic mouse models carrying MYOC mutations are
associated with different levels of IOP elevation and severity
of optic neuropathy. Transgenic mice expressing the Tyr437His
mutant of human myocilin20 have previously shown to develop
slight IOP elevation associated with moderate RGC loss. Retinal
ganglion cell loss may result from IOP-independent, direct
effect of mutated myocilin on the optic nerve. The present
study investigates age-dependent changes of RGC function in
the Tg mice expressing the Tyr437His mutant of human
myocilin.
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FIGURE 3. Immunostaining for neurofilament (green) and GFAP (red) in longitudinal sections through the optic nerve head and optic nerve of four
different Tg mice expressing Tyr423His human myocilin (top, 2-month-olds; bottom, 18-month-olds). In older Tg mice (E, G), RGC axons appear
swollen and partially degenerated compared with young Tg mice (A, C). In both young and old Tg mice, GFAP staining is more intense and
widespread than that of representative wt mice (I). In older Tg mice (F, H), GFAP staining is more extended than in young Tg mice (B, D). In (I),
GFAP (red), neurofilament (green), and DAPI staining are shown superimposed.

In agreement with Zhou et al.,20 our results show that
young Tg mice had IOP similar to age-matched C57BL/6J mice.
However, Zhou et al.20 showed a small increase in IOP of 18month-old Tg mice versus wt littermates using a fiberoptic
signal (FTI-10) conditioner equipped with a fiberoptic pressure
transducer for IOP measurements. For their study, they used
mice of a mixed genetic background that were obtained by
crosses of FVB/N founders to C57/BL6 mice for at least five
generations. We did not detect IOP changes in the age range of

18 to 22 months using the Tonolab induction/impact
tonometer and mice that were crossed to C57/BL6 for more
than 10 generations. In the same period, however, the PERG
amplitude was progressively reduced by approximately 50%,
whereas the PERG peak latency was progressively delayed by
approximately 40 ms (increased by ~50%).
Recently, Zode and collaborators48 induced substantial IOP
elevation in wt mice by applying glucocorticoids as eye drops.
Intraocular pressure elevation was associated with upregu-

FIGURE 4. Pattern visually evoked potentials in young (A) and old (B) Tg mice expressing Tyr423His human myocilin (n ¼ 3, 6 eyes). (C) Grandaverage VEP waveforms for young (black line) and old (gray line) Tg mice. (D, E) Pattern visually evoked potential amplitudes (D) and peak
latencies (E) measured in individual mice (average of the two eyes). Filled symbols adjacent to open symbols represent the corresponding means 6
SEM. Pattern visually evoked potentials were recorded from a screw electrode implanted in the monocular cortex contralateral to the eye stimulated
with a contrast-reversing grating of 0.05 cycles per degree and high contrast.
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lation of wt myocilin as well as several other proteins in the
TM, and preceded loss of PERG signal and RGC density. The
study does not report changes in wt myocilin in the optic
nerve. In the present results, mutated myocilin could have
contributed directly to loss of PERG signal and structural
changes in the optic nerve.
Loss of PERG signal may be caused by RGC loss, dysfunction
of viable RGCs, or a combination of both conditions; delay of
PERG signal may be caused by viable RGCs that respond in a
more sluggish way.49 The PERG amplitude loss measured in the
present Tg mice is similar to that previously reported in DBA/
2J mice of 8 months of age50 when RGC axon degeneration is
in its initial stages.51 An approximately 50% PERG amplitude
reduction and approximately 40-ms peak latency delay also can
be simulated in normal C57BL/6J mice by lowering the PERG
stimulus contrast to 50% of its maximum.52 This may mean that
the slower response of Tg mice results, at least in part, from
altered contrast gain of viable RGCs or altered connectivity
with preganglionic neurons.
Previous work on Tg mice expressing the Tyr437His mutant
of human myocilin20 has shown moderate (20%) RGC loss in
the peripheral retina associated with axonal degeneration at
the periphery of the optic nerve and modest IOP elevation.
Our results complement and extend previous work20 showing
swelling and degeneration of optic nerve head axons, as well as
marked GFAP staining in aged Tg mice, indicating reactive
astrogliosis. Axonopathy at the junction between the retina
and optic nerve is of particular interest, as it is believed to be
the point of origin of glaucomatous neuropathy in humans53
and mice.35,54,55 As the PERG signal is also believed to be
mainly generated by optic nerve axons in the optic nerve
head,33 axonopathy and astrocytic activation at this level may
substantially impair the response.
The magnitude of PERG amplitude loss (50%) appears to
exceed the magnitude of RGC loss (20%) reported in previous
work.20 This may mean that surviving RGC/axons were
dysfunctional, as has been previously shown in DBA/2J
glaucoma.35,50 Pattern visually evoked potentials of aged Tg
mice were modestly reduced by approximately 23% compared
with those of young Tg mice. This may mean that surviving
RGC axons20 and dysfunctional, but viable RGC axons are still
capable to carrying retinal signals along the geniculo-cortical
pathway and contribute to the PVEP response. Compensatory
mechanisms may occur in the visual cortex in response to
progressive reduction of the retinal output, thereby minimizing
VEP loss.56 It should be also considered that the numerical
relationship between topographically matched RGCs and
contralateral geniculate relay cells is approximately 3:1.57 This
retina–lateral geniculate nucleus (LGN) convergence may
increase the strength of LGN input to the visual cortex and
minimize PVEP loss compared with PERG.
In conclusion, the present results show substantial structural and functional age-related changes in Tg mice expressing
the Tyr437His mutant of human myocilin, which occur in
presence of normal, or close to normal,20 IOP. We cannot
exclude that an IOP level in the normal range may be still a
causal factor for axonopathy in susceptible RGC/axons, as in
normal tension glaucoma IOP-lowering improves the outcome
of the disease.58 This, however, seems unlikely in the present
Tg mouse model, as C57BL/6J-Tyrp1b.GpnmbR150X mice59
develop the same iris disease as DBA/2J mice and moderate
IOP elevation but do not develop age-related glaucomatous
changes and PERG loss.35 Our results support previous views
that MYOC expression in the optic nerve may impact
structural, metabolic, or neurotrophic support to RGC axons,
thereby influencing their susceptibility to glaucomatous
damage.22,23 Also, myocilin is expressed and secreted by optic
nerve astrocytes, and affects differentiation of oligodendro-
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cytes and myelination of the optic nerve.26 Reduced myelination of the optic nerve axons may contribute to the axonal
damage.
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