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Purpose. Complete congenital stationary night blindness (CSNB1) is characterized by loss of
night vision due to a defect in the retinal ON-bipolar cells (BCs). Mutations in GPRI179,
encoding the G-protein-coupled receptor 179, have been found in CSNB1 patients. In the
mouse, GPR179 is localized to the tips of ON-BC dendrites. In this study we determined the
ultrastructural localization of GPR179 in human retina and determined the functional
consequences of mutations in GPRI79 in patients and mice.

MerHoDps. The localization of GRP179 was analyzed in postmortem human retinas with
immunohistochemistry. The functional consequences of the loss of GPR179 were analyzed
with standard and 15-Hz flicker ERG protocols.

Resurts. In the human retina, GPR179 is localized on the tips of ON-BC dendrites, which
invaginate photoreceptors and terminate juxtaposed to the synaptic ribbon. The 15-Hz flicker
ERG abnormalities found in patients with mutations in GPR179 more closely resemble those
from patients with mutations in either TRPM1 or NYX than in GRM6. 15-Hz flicker ERG
abnormalities of Gpr1797°°> and Grm6"°*3 mice were comparable.

Concrusions. GRP179 is expressed on dendrites of ON-BCs, indicating that GRP179 is involved
in the ON-BCs’ signaling cascade. The similarities of 15-Hz flicker ERGs noted in GPR179
patients and NYX or TRPM1 patients suggest that the loss of GPR179 leads to the loss or
closure of TRPM1 channels. The difference between the 15-Hz flicker ERGs of mice and
humans indicates the presence of important species differences in the retinal activity that this
signal represents.

Keywords: GPR179, CSNB1, missense mutations, G-protein-coupled receptor, trafficking
defect, pathogenicity

Congenital stationary night blindness (CSNB) is a clinically
and genetically heterogeneous group of retinal disorders
characterized by nonprogressive impairment of night vision
and variable decrease in visual acuity. The Schubert-Bornschein
class of CSNB is caused by defective signaling from photore-
ceptors to bipolar cells (BCs), and is characterized by a reduced
or absent b-wave but a normal a-wave in the electroretinogram
(ERG). Two types of Schubert-Bornschein CSNB can be
distinguished by using the standard flash ERG: “complete” or
type 1 CSNB (CSNB1, OMIM 310500) and “incomplete” or type
2 CSNB (CSNB2, OMIM 300071).! CSNB1 is characterized by a
complete lack of rod pathway function. CSNB2 is characterized
by abnormal rod pathway function in addition to impaired cone

pathway function. These distinct phenotypes reflect the
location of the mutated proteins. CSNB2 is caused by mutations
in genes expressed in photoreceptor terminals, while CSNBI1 is
caused by postsynaptic defects in depolarizing or ON-BCs.?~10

CSNB1 is caused by mutations in genes that are expressed in
ON-BCs: NYX, which encodes nyctalopin, a leucine-rich
proteoglycan of unknown function®!%12; LRIT3, which also
encodes a leucine-rich protein of unknown function'?; GRMG6,
which encodes the metabotropic glutamate receptor 6
(mGLURG)>®; and TRPM1, which encodes the transient
receptor potential cation channel M1.%'%1415 Nyctalopin,
LRIT3, mGLURG, and TRPM1 are all localized on the dendrites
of ON-BCs?®13:15-18 and are required for signal transmission
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Tasie. Clinical Characteristics of CSNB1 Patients With GPR179 Mutations
Refractive Error, Dark-Adapted
Visual Acuity, logMAR Spherical Equivalent Threshold
Elevation,
Patient Sex Age,y RE LE Nystagmus oD oS log Units
HS F 18 0.2 0.5 Present —-9.0 8.5 3
PS M 15 0.15 0.15 Present -8.0 7.0 3

RE, right eye; LE, left eye.

from photoreceptors to ON-BCs. This suggests a close
interaction of these proteins within a single signaling cascade.

The rod pathway strongly depends on ON-BCs because at
low scotopic intensities, the dark-adapted response is
dominated by the primary rod pathway (rod — rod ON-BC
— AIl amacrine cell pathway), whereas at higher stimulus
levels the response is dominated by the secondary rod
pathway (rod — cone (via gap junctions between rod and
cone pedicles) — cone ON- and OFF-BC).1%2° Finally, there
may be a tertiary pathway for rod signaling (rod — cone OFF-
BCs).%2122 The 15-Hz flicker ERG paradigm has been used to
obtain insight into dysfunction in these various rod path-
ways,®%21.22 a5 the signals generated by each rod pathway
have different sensitivity and phase relations. In normal
subjects, these pathways interact algebraically in a stereotypic
fashion.?3 Interestingly, in contrast to the standard flash ERG,
a 15-Hz flicker ERG paradigm is able to distinguish CSNB1
patients with GRMG6 mutations from CSNB1 patients with
mutations in either NYX or TRPM1.°® Given current thinking
about the role that these proteins play in ON-BC signaling, the
15-Hz flicker ERG appears to discriminate between the
mGluR6 receptor complex and the TRPM1 channel complex
(including nyctalopin). The origin of this difference is poorly
understood.524

Recently, we and others identified GPR179, an orphan G-
protein receptor, as an important component of the ON-BC
signaling cascade.®?> The function of GPR179 has not been
resolved but it seems to interact with mGIuRG, suggesting a
regulatory function in the cascade.?® This article addresses 3
questions: (1) What is the ultrastructural localization of
GPR179 in the human retina, (2) How is the human 15-Hz
flicker ERG affected by mutations in GPR179, and (3) How
closely do 15-Hz flicker ERG abnormalities in mouse models
of CSNB1 resemble those reported in human patients? We
found that GPR179 is localized at the tips of the ON-BCs, with
localization similar to that for mGLURG and TRPM1. Further-
more, we found that the 15-Hz flicker ERG abnormalities of
patients with GPR179 mutations resemble those in patients
with mutations in either NYX or TRPM 1, suggesting that loss
of function of either GPR179, TRPM1, or nyctalopin results in
a similar disturbance of the ON-BC cascade. Finally, we noted
that the 15-Hz flicker ERG abnormalities are similar in
Gpr17970b5/m905 and Grm6"°b3/7°03 mice, unlike the situa-
tion in humans, suggesting that the balance between the
various rod pathways in humans and mice differ.

MATERIALS AND METHODS

Participants

CSNB1 was diagnosed by means of a complete ophthalmo-
logic and electrophysiological examination, including fundus-
copy and measurements of dark-adapted thresholds. We
analyzed samples from the 2 probands by direct sequencing.
None had mutations in GRM6, TRPMI1, or NYX. Once
mutations in GPR179 were identified, samples from first-

degree relatives were obtained and screened. All participants
and/or their legal representatives gave permission to draw
blood for mutation analyses. Patient studies were conducted
in accordance with the principles outlined in the Declaration
of Helsinki.

All procedures used in animal experiments were approved
by the Institutional Animal Care & Use Committees of the
Cleveland Clinic and were in agreement with the ARVO
Statement for the Use of Animals in Ophthalmic and Vision
Research. Gpri797°"> and GrmG6"°?3 mice were obtained
from local breeding colonies.?2” Control mice were C57B2/6,
obtained from The Jackson Laboratory (Bar Harbor, ME) or
heterozygous littermates.

Human Retinal Material

This study was performed in agreement with the Declaration
of Helsinki on the use of human material for research.
Postmortem human donor eyes were obtained from the Euro
Tissue Bank. In accordance with Dutch law, the Euro Tissue
Bank ensured none of the donors objected to the use of their
eyes for scientific purposes.

Light and Electron Microscopy

The sclera and corpus vitreous were peeled away and the
retinas were fixed in 4% paraformaldehyde buffered in 0.1 M
phosphate buffer (PB) at pH 7.4 for 30 to 60 minutes. Retinas
were cryoprotected in 12.5% sucrose in 0.1 M PB for 30
minutes, followed by 1 hour in 25% sucrose in 0.1 M PB, and
finally frozen in Tissue Tek (Sakura Finetek Europe B.V,
Leiden, The Netherlands).

For light microscopy, 10-um-thick sections were cut and
stored at —20°C. The sections were preincubated in 2%
normal goat serum (NGS) for 30 minutes and incubated for 24
to 48 hours in 0.1 M phosphate-buffered saline (PBS)
containing 5% NGS and 0.05% Triton X-100 with the following
primary antibodies: GPR179 (1:200; Sigma, Zwijndrecht, The
Netherlands), calbindin (1:500; Swant, Bellinzona, Switzer-
land), Gooa (1:1000; Chemicon, Amsterdam, The Nether-
lands), and PKCa (1:200; Sigma). The sequence against which
the GPR179 antibody was raised is as follows: LNMLLQAN-
DIRESSVEEDVEWYQALVRSVAEGDPRVYRALLTFNPPP-
GASHLQLALQATRTGEETILQDLSGNWVQEENPPGDLDT-
PALKKRVLTNDLGSLGSPKWPQADGYVGDTQQVRLSPPFLEC-
QEGRLRPGWLITLSATE The sections were washed 3 times for
5 minutes each in PBS, and secondary antibodies (1:500, goat
anti-rabbit Cy3; or 1:500, goat anti-mouse Alexa 488) were
applied for 35 minutes at 37°C. Sections were examined with
a Zeiss CSLM meta confocal microscope (Jena, Germany).

For electron microscopy (EM), 40-um-thick sections were
incubated with antibodies to GPR179 (1:200) in PB for 48
hours. After rinsing, the sections were incubated in anti-rabbit
conjugated peroxidase anti-peroxidase antibody for 2 hours
following a 4 minute development in a 2,2’-diaminobenzidine
solution containing 0.03 % H,0O,. Next, we followed the gold
substitute silver peroxidase method.?® Finally, the sections
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GPR179 colocalizes with markers for ON-BCs but not for HCs. Left and middle columns show the individual channels while the right

column shows the combination of the 2 channels. (A) Immunohistochemical localization of GPR179 (green) in the human retina. Nuclei (red) were
stained with ethidium bromide. Note the punctate labeling in the OPL and diffuse, nonspecific labeling in the IPL. (B) Retinal section labeled with
antibodies against GPR179 (red) and calbindin (green). Calbindin labels some HC types. No calbindin labeling could be detected in ON-BCs.
Calbindin-IR does not overlap with GPR179-IR, suggesting that GPR179 is not expressed by HCs or OFF-BCs. (C) Retinal section labeled with
antibodies to GPR179 (red) and PKCo (green). PKCo labels rod-BCs and colocalization is seen at the tips of the ON-BC dendrites. (D) Retinal section
labeled with antibodies to GPR179 (red) and Goa. (green). Goa labels ON-BCs and colocalization was found at the tips of the ON-BC dendrites. Scale
bars: 50 pm (A, ©), 15 um (B), 5 pm (D). ONL, outer nuclear layer; INL, inner nuclear layer.

were fixated in sodium cacodylate buffer (pH 7.4) containing
1% osmium tetroxide and 1.5% potassium ferricyanide,
dehydrated and embedded in Epoxy resin. Uranylacetate
and lead citrate were used to enhance contrast. Ultrathin
sections were examined with a FEI Tecnai 12 electron
microscope (FEI, Eindhoven, The Netherlands).

ERG Studies in Humans

Electroretinograms were recorded by using DTL-electrodes
and were in accordance with recommendations of the
International Society for Clinical Electrophysiology of Vision
for extended protocols. Stimuli were produced by a Ganzfeld
stimulator (Colordome system; Diagnosys LLC, Impington,
Cambridge, UK). In addition, we recorded 15-Hz flicker ERGs
to examine the function of the various rod pathways.®2122

Flash luminance ranged from —2.3 to 1.7 log scot td - s,
assuming a pupil diameter of 8 mm, in steps of approximately
0.4 log scot td - s. The clinical characteristics of the patients
with GPR179 mutation are shown in the Table. Funduscopy
showed myopic changes and optical coherence tomography
analysis of the retina was normal in both patients.

ERG Studies in Mice

After overnight dark adaptation, mice were anesthetized with
ketamine (80 mg/kg) and xylazine (16 mg/kg) and their pupils
were dilated with 1% tropicamide and 2.5% phenylephrine HCI
eyedrops. The cornea was anesthetized with 1% proparacaine
HCI. Electroretinograms were recorded by using a stainless
steel wire contacting the corneal surface. The reference needle
electrode was placed in the cheek, and the ground needle
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FIGURE 2.

Ultrastructural localization of GRP179 in the human retina. (A, B) Human cone pedicles showing labeling for GPR179 on ON-BC

dendrites. The black spots indicate GPR179-IR and are found around the invaginating ON-BC dendrites (white asterisks). Labeling was not observed
in the HC dendrites (black asterisks). (C, D) Human rod terminals showing labeling for GPR179 on ON-BC dendrites. GPR179-IR is found in rod
terminals, around the invaginating ON-BC dendrites (white asterisks) and not the lateral HC dendritic elements (black asterisks). Scale bars: 1 pm

(A), 500 nm (B-D). R, synaptic ribbon.

electrode was placed in the tail. Responses were amplified,
filtered (0.03-1000 Hz) and stored by using an LKC (Gaithers-
burg, MD) UTAS E-3000 signal averaging system. Stimuli were
presented at 15 Hz. Amplitude and phase were derived by a
Fast Fourier Transformation algorithm applied to the averaged
signal.

RESULTS

Localization of GPR179

GPR179 has been localized to the dendrites of ON-BCs in
mice.? However, the ultrastructural localization has not been
determined. We first examined the expression pattern of
GPR179 in the human retina at the light microscopic level.
Figure 1A shows immunoreactivity (IR) of GPR179 (green) in
the human retina. The red label is a nuclear stain (ethidium
bromide). GPR179-IR revealed a specific punctate staining
pattern in the outer plexiform layer (OPL) (Fig. 1A, green)

characteristic for the dendritic tips of ON-BCs. Some faint,
diffuse labeling was also visible in the inner plexiform layer
(IPL). Since this labeling was not punctate, we conclude that it
is nonspecific background labeling. We next performed a series
of double-labeling experiments to determine whether the
GPR179-1R in the OPL was associated with the dendritic tips of
ON-BCs. Figures 1B through 1D show retinal sections double
labeled for GPR179 (red) and either calbindin (Fig. 1B) or
PKCo (Fig. 1C) or Goo (Fig. 1D). In primates calbindin-IR is
present in some horizontal cell (HC) and OFF-BC types.?%-3¢
Figure 1B illustrates that the GPR179-IR (red) and calbindin-IR
(green) do not colocalize, showing that GPR179 is not
expressed by HC dendrites. On the other hand PKCa (rod
BCs)3! and Goo (all ON-BCs)32 colocalize with GRP179 as
puncta in the OPL (Figs. 1C, 1D), suggesting expression of
GRP179 at the tips of the dendrites of rod and cone ON-BCs.
This expression pattern of GPR179 is similar to that seen in
mouse retina.”
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To validate this conclusion, we used pre-embedding
immuno-electron microscopy (Fig. 2). At the EM level, the
synaptic complexes of rod and cone photoreceptors can be
identified by their characteristic triadic synaptic structure with
ON-BCs and HCs.333% The elements ending lateral of the
synaptic ribbon are dendrites of HCs, whereas the elements
ending opposite to the synaptic ribbon are dendrites of ON-
BCs.

The cone synaptic complex involves multiple ribbon
synapses. Figure 2A shows a cone terminal with GPR179-IR
present in ON-BC-dendrites (white asterisks). Horizontal cell
dendrites are devoid of labeling (black asterisks). Figure 2B
shows a higher magnification of a cone synaptic terminal
where a ribbon synapse (R) can be identified. GPR179-IR was
present on the central elements opposed to the ribbon (white
asterisks), whereas it was never found on the lateral elements
of HCs (black asterisks). The finding that GPR179-IR was only
found on invaginating processes and not at flat contacts at the
base of the cone pedicle indicates that GPR179 is not
expressed by OFF-BCs.3>

Figures 2C and 2D show rod synaptic terminals character-
ized by only 1 synaptic ribbon. GPR179-IR was present on the
central element of the triad (white asterisks), whereas the
lateral elements (black asterisks) never showed any labeling.
This suggests that GPR179 was localized to the dendrites of
ON-BCs invaginating the rod spherule. These immunocyto-
chemical and ultrastructural findings showed that GPR179 is
located on the tips of the ON-BC dendrites that invaginate rods
and cones similar to the location of TRPM1'® and mGLURG.¢

Human ERG

What is the functional impact of the loss of GPR179? The 15-Hz
flicker ERG has been shown to discriminate between patients
with mutations in GRM6 and those with mutations in TRPM1
and NYX.%8 In view of recent evidence indicating that mGIuR6
and GPR179 may interact,?® we hypothesized that GPR179
mutations may lead to a 15 Hzflicker ERG phenotype that
resembles that seen in GRMG patients.

Figure 3A shows a series of dark-adapted ERG responses
obtained from a normal control subject and 2 patients with
homozygous p.Tyr220Cys mutations in GPR179. In response
to low-luminance stimuli, ERGs of both patients were
indistinguishable from noise. At higher stimulus luminance,
both patients generated an ERG with normal a-wave amplitude
but no b-wave (Fig. 3A). These ERG abnormalities are
characteristic of defective ON-BC pathway signaling.3¢ In both
patients, the light-adapted 30-Hz flicker ERG (Fig. 3B, top
traces) was similar in amplitude and implicit time as seen in
normal subjects. The amplitudes of the single-flash photopic
responses (Fig. 3B, bottom traces) also were within the normal
range. However, their shape seemed to have a square wave
appearance indicating that cone ON-BCs are also involved,
which is typical for CSNB1.37

Figure 3C shows the 15-Hz ERG responses from a normal
subject and CSNB1 patients HS and PS. In both patients,
responses were absent at the lowest luminance levels, and a
clear response was only obtained at stimulus luminance values
of —1.1 log scot td - s and higher. The amplitude minimum of
control subjects occurred near —1.1 log scot td - s (Fig. 3C,
arrow). Above this stimulus level, the 15-Hz flicker ERG
responses of patients increased in amplitude and, at the
highest stimulus luminance, fell within the range of control
subjects (Fig. 3D). In both patients, the phase of the responses
remained stable over an ~3 log unit range of luminance,
whereas in controls the phase progressively advanced with
increasing luminance. In the patients, the overall waveform of
the 15-Hz flicker ERG presented with a more “square wave”
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appearance of the a-wave, particularly at the higher stimulus
luminance (Fig. 3C). Overall, these 15-Hz flicker ERG data
resemble more closely those of NYX and TRPM1 patients than
those of GRM6 patients.®

Mouse ERG

Are the 15-Hz flicker ERG responses in CSNB1 patients
comparable to those found in mouse models of CSNB1? Figure
4 shows the 15-Hz flicker ERGs of control and Gpri797°>>
mice. The control mouse 15-Hz flicker ERG roughly resembled
that of humans. The response amplitude increased with
increasing luminance until approximately —1 log cd s/m?
where it reached a maximum and then decreased with
increasing luminance. A minimum was reached at ~0 log cd
s/m?, after which it increased again (Fig. 4A).>® There are,
however, important differences between the human and the
control mouse 15-Hz flicker ERGs. For example, the range over
which the response increases at low light levels is much
broader in the mouse than in human. In Gpr179"°%> mice the
response amplitudes only became significant above approxi-
mately —0.5 log cd s/m? and were always reduced in
comparison to those of control mice (Figs. 4A, 4B). This is in
contrast to humans where at high luminance levels the 15-Hz
flicker ERG amplitudes in CSNB1 patients fell within the
normal range (Fig. 3D). As in humans, the control mouse
response function (Fig. 4B left, black line) was characterized by
2 peaks. The initial peak was absent in Gpr179”°®> mice and
the second peak had an onset approximately 0.5 log unit
below the control minimum. Figure 4B (right, blue curves)
shows the phase characteristics. The control mouse phase
characteristics resemble those of humans: a gradual phase shift
with increasing luminance. The phase of the GPR179"°%
ERGs shifted with increasing luminance, but never matched
that of control. This behavior differs from that of the patients,
where the response phase remained stable across an ~3 log
unit stimulus range (Fig. 3D). To determine if the 15-Hz flicker
ERG could distinguish between GRM6 and GPR179 mouse
mutants, we tested Grm6"°?3 mice. Both amplitude and phase
measures matched closely those of Gpri79°®> mutants (Fig.
4B, red curves).

DISCUSSION

The present study demonstrated the expression pattern and
ultrastructural localization of GPR179 in human retina.
GPR179 is localized in puncta in the OPL, specifically on the
dendritic tips of the ON-BCs. This location matches that of all
other proteins implicated in CSNB1 (nyctalopin, mGLURG,
TRPM1, and LRIT3)?813.15-18 and the expression pattern of
GPR179 in mice.® Our ultrastructural data showed that in
human retina GPR179 is located postsynaptically, on the
dendrite tips of ON-BCs near synaptic ribbons of both cone
and rod synaptic terminals. This localization is consistent with
the known localization of several other proteins involved in the
ON-BC signaling cascade. In primate, mouse, and now human
retina mGLURG,3%4° nyctalopin,? TRPM1,%1417.18 Goo32 and,
as shown here, GPR179,? are all found on the central element
of the triads close to the synaptic ribbons in both rods and
cones. These data suggest that all these proteins are part of a
single signaling complex. Recently, it has been shown that
mutations in LRIT3'3 cause CSNB1, suggesting that this protein
is also involved in the ON-BC signaling cascade. Ultrastructural
localization of LRIT3 awaits further study. The role of GPR179
in the ON-BC signal cascade is an area of active interest and its
function and the interacting proteins have not been fully
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Ficure 3. Standard and 15-Hz flicker ERG obtained from a normal subject and 2 patients with GPR179 mutations. (A) Dark-adapted flash ERGs.
Both patients lack the dark-adapted b-wave, but retain a normal a-wave. (B) Light-adapted ERGs to 3 cd s m~?; strobe flashes superimposed on a
steady 30 cd s m~2 adapting field. The amplitudes of the 30-Hz flicker ERG (top trace) and the single-flash photopic ERGs fall within the normal
range. The a-wave has a “square wave” appearance. (C) 15-Hz scotopic ERGs. Responses at low flash luminance levels present in control subjects
are absent in patients. In patients, the responses first appear at —1.1 log scot td - s, near the initial amplitude minimum of control subjects, and then
grow with increasing stimulus luminance. (D) 15-Hz ERG amplitude and phase data. The grey area indicates the mean = 2 SD for 20 normal control
subjects.?122 Response amplitudes for patients remain below the normal range until high luminance stimuli are used. When measurable responses
were recorded from patients they retained constant phase through an ~3 log unit luminance range.

resolved, although it is required for normal expression of RGS7 signals from the primary and secondary rod pathways.?? At low
and RGS11.4! light intensities the 15-Hz flicker ERG is dominated by the

primary rod pathway, whereas at high intensities it is
15-Hz Flicker ERG dominated by the cone pathway. In the range of —1.5 log scot

td - s the primary and the secondary rod pathways are about
In normal subjects, the 15-Hz flicker ERG amplitude decreases equally sensitive but out of phase, while the cone pathway is
with increasing stimulus luminance, reaches a null at not yet functioning. The result is that at this luminance level

approximately —1.5 log scot td - s before increasing again at the 2 signals cancel each other and the amplitude is decreased.
higher luminance.?"?? This behavior of the 15-Hz flicker ERG In CSNB1 patients the primary rod pathway is absent so one
is due to destructive interference, caused by out-of-phase would expect an altered 15-Hz flicker ERG. In CSNB1 patients
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Dlack), 4 Gpr1797°°> (blue), and 4 Grm6"°"3 (red) mice.

with mutations in TRPM1 or NYX responses were absent at
low luminance levels, but at higher luminance levels the
responses are similar in amplitude to those of normal subjects.®
The phase of the 15-Hz flicker ERG responses in these CSNB1
patients is shifted relative to the phase of the responses of
normal subjects. From these data the authors concluded that in
CSNB1 patients the primary rod pathway function is com-
pletely absent and that the activity of the secondary rod
pathway is mildly reduced.® Surprisingly, patients with
mutations in GRMG had responses at all luminance levels,
but the phase behavior strongly differed from that of normal
subjects. The underlying mechanism for this difference in
phase behavior has not yet been established; however, the 15-

Hz flicker ERG does discriminate patients with mutations in
components of the receptor complex (mGLURG) and the
channel complex (nyctalopin, TRPM1).8

Our human studies showed that the functional consequenc-
es of mutations in GPR179 result in a 15-Hz flicker ERG
phenotype similar to that of CSNB1 patients with mutations in
TRPM1 or NYX. Patients with mutations in GPR179, TRPM1,
or NYX lack all responses in the scotopic range,® whereas
those with mutations in GRMG6 retain a low luminance
signal.>® TRPM1 and NYX mutations both result in a
nonfunctional or absent channel.“? The fact that 15-Hz flicker
ERG abnormalities in patients with GPR179 mutations are
similar to those with TRPM1 or NYX mutations suggests that



Investigative Ophthalmology & Visual Science

Ultrastructural Localization of GPR179

the loss of GPR179 leads to the loss or closure of TRPM1
channel. Because activation of mGIuR6G closes the TRPM1
channel, we postulate that in the absence of mGIluR6, TRPM1
channels remain constitutively open. To date, however, the
number of fully characterized human patients with GPR179
mutations is quite small; it will be important to analyze
additional patients to determine if this generalization holds
true.

A surprising result of the present study is that in contrast to
the human studies, mice with mutations in either Gpr179 or
Grm6 had very similar 15-Hz flicker ERGs even though the
current evidence indicates the ON-BC signaling cascade in
mice and humans is highly conserved.®%12 The standard flash
ERGs were also comparable. Given that the 15-Hz responses of
patients with GRM6 mutations are thought to reflect activity of
a spared tertiary rod pathway, the present results suggest that
such a tertiary rod pathway is less pronounced or even
completely absent in mice. Alternatively, it may not be possible
to monitor the tertiary pathway be recording at the mouse
corneal surface. Prior ERG studies also indicate that the relative
contributions of retinal cell types to the corneal ERG differ
between mice and humans. For example, while both human
and mouse retinas contain OFF-BCs,#3 the relative contribution
of OFF-BCs in the primate ERG is much larger®4-4® than in the
rodent ERG.%47-48

Nusinowitz and coworkers®® have also shown that the
minimum in the 15-Hz flicker ERG is less pronounced in mice
than in humans and that the frequency range where
destructive interference occurs in mice (10-20 Hz) is larger
than in humans (14-16 Hz). This range difference is not the
origin of the less-pronounced minimum since it is smaller for
all tested frequencies.?® Therefore, both the published and our
new data suggest that the relative contribution of the primary
and secondary rod pathways in control mice might differ
considerably from that in humans.
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