1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

"% NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

o NATIG,

Published in final edited form as:
J Biomed Sci Eng. 2014 July 11; 7(13): 1030-1037. doi:10.4236/jbise.2014.713100.

Differential expression of mGIuR2 in the developing cerebral
cortex of the mouse

Pooja S. Venkatadri and Charles C. Lee
Department of Comparative Biomedical Sciences, School of Veterinary Medicine, Louisiana State
University, Baton Rouge, LA 70803

Abstract

Glutamatergic synaptic transmission is an essential component of neural circuits in the central
nervous system. Glutamate exerts its effects by binding to various types of glutamate receptors,
which are found distributed on neurons throughout the central nervous system. These receptors are
broadly classified into two main groups, ionotropic glutamate receptors (iGIuRs) and metabotropic
glutamate receptors (mGIuRs). Unlike iGluRs, the mGIuRs are G-protein coupled receptors that
exert their effects on postsynaptic membrane conductance indirectly through the downstream
modification of ion channels. A subtype of mGIuRs, the Group Il mGIuRs, are particularly
interesting since their activation by glutamate results in a hyperpolarizing response. Thus,
glutamate can act potentially as an inhibitory neurotransmitter, by binding to postsynaptic Group
I mGIuRs. Given the potential importance of these receptors in synaptic processing, the
development of the central nervous system, and neurological disorders, we sought to characterize
the expression of mGIuR2 in the developing neocortex of the mouse. Therefore, we examined the
distribution of mGIuR2 in the developing cerebral cortex. We found a general caudal to rostral
gradient in the expression of these receptors, with ventral cortical regions labeled caudally and
dorsal regions labeled rostrally. Limbic regions highly expressed mGIluR2 throughout the brain, as
did sensory and motor cortical areas. Finally, other non-cortical structures, such as the thalamic
reticular nucleus, amygdala, and mammillary bodies were found to have significant expression of
the receptor. These results suggest that mGIuR2 may play important roles in mediating
glutamatergic inhibition in these structures and also could have a role in shaping the development
of mature neural networks in the forebrain.
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Introduction

Glutamate and its receptors are found throughout the central nervous system [1]-[4]. In the
forebrain, glutamate is primarily responsible for the postsytnaptic excitation of neurons
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through the activation of ionotropic glutamate receptors (iGIuRs). Several types of iGIURs
are found postsynaptically on neuronal cell bodies and dendrites, such as AMPA and
NMDA receptors [1]. Activation of iGIuRs by glutamate results in the ligand-gated opening
of ion channels, which in turn results in the depolarization of the neuronal membrane,
leading to the generation of excitatory postsynaptic potentials.

In contrast to the iGIuRs, activation of metabotropic glutamate receptors (mGIuRs) does not
directly result in the opening of an ion channel [2] [3]. Instead, binding of glutamate to
mGIuRs results in the activation of a G-protein coupled biochemical cascade that in turn
results in the indirect modification of ion channels. There are three main groups of mGIuRs
(Groups I, I1, and 111), with each comprised of several different subtypes [3] [5] [6]. Among
these the Group Il mGIuRs are noteworthy, since their activation by glutamate does not
result in the depolarizing excitation of the neuronal membrane, but instead results in a
hyperpolarizing inhibition [3] [7] [8]. Thus, glutamate can have potentially different effects
on neurons, either excitatory or inhibitory, depending on the type of receptor to which it
binds.

In other parts of the central nervous system, Group Il mGIuRs have typically been found on
presynaptic terminals [2] [4] [9]-[11]. However, recent findings have also demonstrated
postsynaptic localization of Group Il mGIuRs in some regions of the brain [4] [12] [13]. In
the neocortex, we have found previously that these receptors are present both pre- and post-
synaptically in the primary sensory areas of the developing mouse cortex [8] [14]. This is
intriguing, since these receptors may have special roles in synaptic processing, the
development of the central nervous system, and several neurological disorders [5] [15]-[22].
However, the localization of these receptors to other parts of the developing forebrain in the
mouse is less well characterized. Therefore, in this study, we sought to examine the
distribution of mGIuR2 in the developing brain of the mouse.

To examine the distribution of the Group Il mGIuR subtype, mGIuR2, in the developing
brain, we used C57BL6/J mice (ages postnatal days 10-13). The Institutional Animal Care
and Use Committee of the Louisiana State University School of Veterinary Medicine
approved all of these procedures. Mice were anesthetized with isoflurane anesthesia
followed by a lethal dose of sodium pentobarbital. Immediately following cessation of reflex
responses, the mice were transcardially perfused with a fixative solution containing 4%
paraformaldehyde (Electron Microscopy Sciences, Hatfield, PA) and 50% saturated picric
acid in 0.01M phosphate buffered saline (PBS). The perfused animals were left for 1 h prior
to dissection of brains, which were then post-fixed overnight in the 4% paraformaldehyde /
50% saturated picric acid solution. The following day, the brains were transferred to a 4%
paraformaldehyde/30% sucrose solution for 2-3 days for cryoprotection. The brains were
blocked coronally using a clean razor blade at the rostral end of the cerebrum and were then
sectioned at 50 um using a cryostat (Leica Microsystems, Buffalo Grove, IL). The sections
were collected in 0.01M PBS and then transferred to 24 well plates for processing. Chemical
reagents were obtained from Sigma-Aldrich (St. Louis, MO), unless otherwise noted.
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The sections were first treated for 30 min in 0.5% H202 in order to remove endogenous
peroxidase activity. The sections were then rinsed 4 times in 0.01M PBS, then placed in a
solution containing 0.3% Triton X-100 in 0.01M PBS for 1 h to permeablize the cell
membranes. The sections were transferred to 1% normal mouse serum (Vector Labs,
Burlingame, CA) in 0.01M PBS for 1 h in order to block non-specific binding of the primary
antibody. Sections were then incubated at 4°C for 24 h in a 1:1000 dilution of primary
antibody solution for mGIuR2 (abcam 15672) (Abcam Inc., Cambridge, MA). The next day,
sections were rinsed four times in 0.01M PBS and then incubated for 1 h at room
temperature with a biotinylated goat anti-mouse secondary antibody (Mouse ABC Kit,
Vector Labs). The sections were then rinsed four times in 0.01M PBS and incubated for 1 h
with the Vectastain avidin-biotin-peroxidase ABC kit (Mouse ABC Kit, Vector Labs). The
sections were rinsed four times in 0.01M PBS, then three times in 0.05M Tris Buffered
Saline (pH 7.4) (TBS), before reacting with diaminobenzadine (DAB) (SigmaFast DAB,
Sigma-Aldrich). The reaction was quenched by washing three times in TBS, followed by
washing four times in PBS. Sections were finally mounted, cleared, and coverslipped.
Finally, adjacent sections were Nissl stained for cytoarchitectural analysis [23].

The mGIuR2 labeled slides were first analyzed using a Nanozoomer-XR slide scanner
(Hamamatsu Photonics, Bridgewater, NJ). The broad distribution of labeling was then
compared relative to adjacent cytoarchitectonic sections to determine areal borders for
analysis and the intensity of labeling graded for each region analyzed. Higher magnification
images were acquired using an Olympus BX-51 microscope (Olympus, Center Valley, PA)
with a Q-Retiga 2000R camera (QImaging, Surrey, BC). Cortical areal boundaries were
determined from Nissl stained sections according to the classification of Franklin and
Paxinos (2008). Figures were composed in CorelDraw (Corel Corporation, Ottawa,
Ontario).

We examined the distribution of labeling for the Group Il metabotropic glutamate receptor
subtype, mGIuR2, using immunohistochemical methods to identify regions of the
developing mouse forebrain that expressed this receptor [4]. Following
immunohistochemical staining, we surveyed expression in the developing mouse brain using
a Nanozoomer-XR slide scanner (Figure 1). We determined the location of labeled regions
in the brain using adjacent Nissl stained sections, which were compared with a standard atlas
of the mouse brain [23].

The pattern of mGIuR2 labeling in the cerebral cortex exhibited dorsoventral and
rostrocaudal differences in the intensity of expression (Figure 1A-C). In caudal regions,
labeling in dorsal cortical areas was weaker than compared with rostral areas, e.g. Figure
1Aii versus Figure 1Ciii. However, the opposite pattern was found when comparing the
ventral cortical regions. Intense expression was found in the caudal ventral cortical regions,
but was much weaker and nearly absent in the rostral ventral cortical areas, e.g. Figure 1Aiii
versus, Figure 1Ciii.
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The distinction between rostral and caudal patterns of mGIuR2 labeling is observed most
clearly by comparing sections from rostral and caudal extremes (Figure 2). In the caudal
region, ventral cortical labeling is strongly concentrated in entorhinal and adjacent areas
(Figure 2A). Among the entorhinal cortical areas, the dorsolateral entorhinal (DLEnNt),
ventral intermediate entorhinal (VIEnt), and medial entorhinal (MEnt) cortical regions all
exhibited intense expression for the receptor, while the caudomedial entorhinal cortical
regions was very weakly labeled (Figure 2A). In addition, the ectorhinal and perirhinal
cortical areas were strongly labeled in the caudal cortical regions (Figure 2A). In contrast,
the rostral sections exhibited very weak labeling of the ventral cortical regions, particularly
the piriform cortex (Pir) and the agranular insular cortex (AIP) (Figure 2B). In comparison,
the dorsal cortical areas were more strongly labeled, particularly in the middle cortical layers
(Figure 2B). Strong labeling for mGIuR2 was present in the somatosensory cortical areas, S1
and S2, and also in the adjacent granular insular cortex, Gl (Figure 2B).

Further analysis of the labeling in the caudal ventral cortical regions indicates that the
expression of MGIUR2 in these regions is primarily localized to the lower cortical layers
(Figure 3). The ectorhinal cortical area (Ect) exhibits intensely labeled cell bodies in the
lower cortical layers, but also has a few labeled cell bodies in upper cortical layers, with
labeled fibers extending to the white matter (Figure 3A). The weaker labeling in the upper
cortical layers continues into the perirhinal cortical area (Prh), but with much weaker fiber
labeling (Figure 3B). In the dorsolateral entorhinal cortex (DLEnt), labeled cell bodies are
intensely packed in the lower half of the cortex, with virtually no labeled cell bodies in the
upper half of the DLEnt (Figure 3C). This absence of labeling in the upper cortical regions
continues into the ventral intermediate (VIEnt) and medial (MEnt) entorhinal cortical areas,
however labeling is nearly absent in the caudomedial entorhinal cortical area (CEnt) (Figure
3B).

The laminar distribution of mGIuR2 labeling in the entorhinal, perirhinal, and ectorhinal
cortical areas, contrasts somewhat with that found in the dorsal sensory cortical areas
(Figures 2B, 4). In all the sensory cortical areas examined, mGIuR2 labeling was primarily
concentrated in layer 4, with weaker labeling in the layer 5 (Figure 4A-B). In these cortical
areas, layers 1-3 and 6 have weak or no labeling (Figure 4A-B). Within layer 5, lower layer
5B was more heavily labeled than upper layer 5A (Figure 4A-B).

Besides the cortical areas, other regions in the developing mouse brain showed noticeable
expression of mMGIuR2. Many of these labeled structures were limbic-related (Figure 5A-C,
E-F). For instance, the retrosplenial gyrus (RSG) exhibited intense expression of mGIuR2 in
fibers extending from the white matter to the cortex (Figure 5A), while the mammillary
nuclei (MN) (Figure 5B) and the basolateral amygdala (BLA) (Figure 5F) exhibited
expression of mGIuR2 on cell bodies. Labeled fibers were also found in the presubiculum
(PrS) (Figure 5C) and the hippocampal commissure (hc) (Figure 5E). In addition, the
caudate putamen (Figure 3B) and the thalamic reticular nucleus (TRN) (Figure 5D) were
also distinctly labeled for mGIuR2.
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Discussion

In this study, we found a unique distribution of mGIuR2 in the developing cortex of the
mouse. Our findings demonstrated that ventral cortical areas were heavily labeled in the
caudal regions of the cortex, while dorsal cortical areas were more heavily labeled in the
rostral regions of the cortex. In addition, we found that this mGIuR2 labeling was not
uniform across the cortex, but varied on a laminar basis, with the upper cortical layers
generally devoid of labeling. The labeling was generally found on cell bodies in the cortex,
but some labeled fibers were also observed, such as in the retrosplenial gyrus and ectorhinal
cortex. Finally, we also observed labeling in several other regions of the brain, particularly
limbic-related structures, but also in regions such as the thalamic reticular nucleus and the
caudate putamen.

As noted above, in most of the cortical regions surveyed, mGIuR2 labeling was found on
neuronal cell bodies. These findings match our previous physiological and anatomical
studies, which demonstrated a pronounced postsynaptic localization of mGIuR2 in layer 4 of
the primary sensory cortical areas [8] [14]. Our current results suggest that mGIuR2 is also
localized postsynaptically in other sensory cortical layers, the entorhinal cortical areas, the
mammillary bodies, and the amygdala, among other sites. In general, Group Il mGIuRs are
localized pre-synaptically in other regions of the brain [2] [4] [9]-[11]. The pre-synaptic
activation of Group Il mGIuRs reduces the probability of synaptic release through
autoreceptor activation during periods of high activity [14] [18]. Postsynaptic Group 1l
mGIuRs may serve an analogous function, but instead could enable gain control at multiple
synaptic sites through the hyperpolarization of the postsynaptic neuronal cell membrane [8].
Thus, the localization of mGIuR2 to cell bodies in regions such as the entorhinal cortex or
amygdala may have important functions for enabling gain control at their synapses.
Moreover, these receptors have also been implicated in numerous other functions, such as
plastic reorganization and developmental modeling of the synapse [2] [7] [18] [20]-[22]
[24]-[26], and thus may serve similar functions in those regions identified in this study.

The observed localization of these receptors to limbic-related structures suggests that these
receptors are particularly important for information processing in these regions. In
particular, these receptors have been implicated as important in various neurological
disorders, such as schizophrenia, and their appearance in these regions may hint at their
crucial role for the proper functioning of these circuits [7] [19] [27]. Alternatively, their
combined expression in these regions in the developing brain may act as a molecular signal
for the development of these circuits in the mature brain [28] [29]. Finally, we observed that
these receptors were present in the sensory cortical areas of the mouse. These findings are
similar to those that we have reported previously [8]. The localization of these receptors to
those regions may be crucial to information processing at these synapses and perhaps
distinguish information-bearing from non-information bearing pathways [30] [31].

Conclusions

In this study, we found a differential distribution of the Group 1l metabotropic glutamate
receptor, mGIuR2, in the developing cerebral cortex of the mouse. This receptor was found
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highly expressed in ventral caudal cortical regions and dorsal rostral cortical regions, as well
as other structures in the brain, particularly those associated with limbic functions. With the
neuroanatomical localization of the receptors to these structures, future studies should now
investigate the physiological, behavioral and developmental significance of activating or
inactivating these receptors in these regions of the brain.
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Figure 1.
Expression of mGIuR2 in the cortex of the developing mouse brain. Slides were scanned on

a Nanozoomer-XR slide scanner. Each panel (A-C) depicts images scanned from one slide,
with the sections mounted caudorostrally from left to right (Ai-viii, Bi-viii, Ci-iv). (A) In
caudal sections, intense labeling for mGIuR2 is found in the entorhinal cortical areas located
in the ventral regions, as well as limbic structures. Labeling of the sensory cortical areas is
evident in the dorsal cortical regions. (B) The pattern of labeling in the sensory cortical areas
continues in sections containing the thalamus. Strong labeling is also seen in the thalamic
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reticular nucleus and moderate labeling in the basolateral amygdala. (C) In the rostral most
sections, sensory cortical areas are still strongly labeled, but ventral cortical areas are very
weakly labeled, particularly the piriform cortex. Additional labeling is found in the caudate
putamen, hippocampal commissure, and retrosplenial gyrus.
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Figure2.
Comparison of mGIuR2 labeling from caudal and rostral cortical sections. (A) In the caudal

sections, mGIuR2 labeling was found most heavily expressed in ventral cortical regions,
particularly the entorhinal cortical areas. Section depicts the left hemisphere of that shown in
Figure 1Aiii. (B) In comparison, in rostral sections, mGIuR2 labeling is nearly absent from
ventral cortical regions, such as the piriform cortex, while the dorsal cortical regions are
strongly labeled. Figure depicts the right hemisphere of that shown in Figure 1Ciii.
Abbreviations: AIP, agranular insular cortex; CEnt, caudomedial entorhinal cortex; CPu,
caudate putamen; DI, dysgranular insular cortex; DLEnt, dorsolateral entorhinal cortex; Ect,
ectorhinal cortex; Gl, granular insular cortex; hc, hippocampal commissure; MEnt, medial
entorhinal cortex; Pir, pririform cortex; PrH, perirhinal cortex; SIBF, primary
somatosensory cortex barrel field; SLUL, primary somatosensory cortex upper limb; &2,
secondary somatosensory cortex; TeA, temporal association cortex; VIEnt, ventral
intermediate entorhinal cortex; V1M, primary visual cortex monocular area; V1B, primary
visual cortex binocular area; V2L, secondary visual cortex mediolateral area; V2MM,
secondary visual cortex mediomedial area.
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Figure 3.
Expression of mGIuR2 in caudoventral cortical areas. Higher magnification images of the

ventral cortical areas from the section depicted in Figs. 1Aiii and 3A. (A) Labeling in the
temporal association cortex (TeA), ectorhinal cortex (Ect), and perirhinal cortex (Prh). (B)
Expression of mGIuR2 in Ect, Prh, and dorsolateral entorhinal cortex (DLEnt). (C) Prh and
DLEnt labeling of mGIuR2. (D) Ventral intermediate entorhinal cortex (VIEnt), medial
entorhinal cortex (MEnt), and caudomedial entorhinal cortex (CEnt) labeling pattern.
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Figure4.
Expression of mGIuR2 in sensory cortical areas. (A) Labeling in the primary visual cortex

(V1). (B) Labeling in the primary auditory cortex (Al). Panels are higher magnification
images from Figure 1Biii. Additional abbreviations: Hip, hippocampus; 1-6, cortical layers
1-6.
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Figure5.
Expression of mGIuR2 in other regions of the mouse brain. (A) Labeling in the retrosplenial

gyrus (RSG), higher magnification image from Figure 1Biii. (B) Labeling in the mammillary
nuclei (MN), higher magnification image from Figure 1Avi. (C) Labeling in the
presubiculum (PrS), higher magnification image from Figure 1Aiii. (D) Labeling in the
thalamic reticular nucleus (TRN), higher magnification image from Fig 1Biii. (E) Labeling
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in the hippocampal commissure (hc), higher magnification image from Figure 1Ciii. (F)
Labeling in the basolateral amygdala (BLA), higher magnification image from Figure 1Buvii.
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