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Abstract

The glutamatergic system directs central nervous system (CNS) neuronal activity and may
underlie various neuropsychiatric disorders. Glutamate transmits its effects through multiple
receptor classes. Class Il metabotropic glutamate receptors, mGlu2 and mGlu3, play an important
role in regulating synaptic release of different neurotransmitter systems and consequently
modulate signaling across several neuronal subtypes. Drugs targeting mGlu2 and mGlu3 are seen
as potential therapeutics for various psychiatric and neurological disorders, and defining their
expression through development can aid in understanding their distinct function.

Here, non-radioactive /n situ hybridization was used to detect mGlu2 and mGIlu3 mRNA in the
CNS of 129SvEv mice at PN1, PN8, PN25, PN40, and PN100. At PN1, mGlu2 and mGlu3 are
strongly expressed cortically, most notably in layer 111 and V. Subcortically, mGlu2 is detected in
thalamic nuclei; mGlu3 is highly expressed in the striatum. By PN8, the most notable changes are
in hippocampus and cortex, with mGlu2 densely expressed in the dentate gyrus, and showing
increased cortical levels especially in medial cortex. At PN8, mGlu3 is observed in cortex and
striatum, with highest levels detected in reticular thalamic nucleus. At PN25 patterns of expression
approximated those observed across adulthood (PN40 & PN100): mGlu2 expression was high in
cortex and dentate gyrus while mGlu3 showed expression in the reticular thalamic nucleus, cortex,
and striatum. These studies provide a foundation for future research seeking to parse out the roles
of mGlu2 from mGlu3, paving the way for better understanding of how these receptors regulate
activity in the brain.

" Corresponding author. The Florey Neuroscience Institute, Howard Florey Laboratories, 30 Royal Parade, Genetics Lane, University
gf Melbourne, VIC 3052, Australia. caitlin.mcomish@gmail.com (C.E. McOmish).

Joint first authors.
Author contribution statement
All authors had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data
analysis. Study concept and design: CEM, EYD, JAG. Acquisition of data: CEM, EYD. Analysis and interpretation of data: CEM,
EYD. Drafting of the manuscript: CEM. Critical revision of the manuscript for important intellectual content: EYD, JAG. All authors
have approved the final manuscript.

Conflict of interest
The authors have no conflicts of interest to declare.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McOmish et al.

Keywords

Page 2

Metabotropic glutamate receptor; mGlu2; mGlu3; Mouse; /n situ hybridization

1. Introduction

Glutamate is the primary excitatory neurotransmitter in the brain, acting at ionotropic
ligand-gated channels (Glu) and metabotropic G protein-coupled receptors (mGlu) to finely
tune neuronal activity (Neki et al., 1996b,; Ohishi et al., 1998) reviewed in (Ferraguti and
Shigemoto, 2006). Glutamate receptors have broad and overlapping expression patterns
within the brain, and the metabotropic class comprises 8 distinct receptors that are further
classified into 3 subgroups based upon their structure and function (Conn and Pin, 1997).
Class I couple to Gg and activate signaling via phospholipase C. Class Il couple to Gi/o,
negatively regulating adenyl cyclase, as do Class 11 receptors (for review see Ferraguti and
Shigemoto, 2006). Clinical and preclinical studies of class Il mGlu receptors have examined
their potential role in ranging from psychiatric (schizophrenia, drug abuse, depression) to
neurological (epilepsy, stroke) (reviewed in Imre, 2007).

Class Il mGlu receptors (e.g., mGlu2 and mGlu3) are found on different types of neurons
where they act either presynaptically to inhibit adenyl cyclase, negatively regulating
glutamate release into the synapse or postsynaptically where they negatively modulate
excitability via intracellular mechanisms such as inhibition of adenylate cyclase, mTOR
signaling, modulation of ion channels, and induction of long term depression (Anwyl, 1999).
Receptors of the mGlu2/3 class can heterodimerize with each other and with other receptors
(Gonzalez-Maeso et al., 2008; Doumazane et al., 2011), controlling release of GABA,
monoamines and other neuropeptides (Cartmell et al., 2001; Coplan et al., 2001; Schoepp,
2001). In this way, mGlu2/3 play important roles at both sides of the synapse in modulating
neuronal activity and brain function.

There is very little work attempting to distinguish between mGlu2 and mGlu3 pharmacology
and function. This is largely due to the fact that mGlu2 and mGlu3 are highly conserved, and
subtype-specific ligands have only recently been identified (Sheffler et al., 2010; Cid et al.,
2012). Attempts to dissociate mGlu2 from mGIlu3 suggest distinct roles and interactions for
each subtype (Spooren et al., 2000; Linden et al., 2005; Hetzenauer et al., 2008). The
temporal expression of mGlu2 and mGlu3 and the role of these receptors in brain
development is also not well understood, and a systematic analysis of mGlu2 and mGlu3
expression across development has not previously been conducted in species used as model
systems for CNS disorders. To address this lack of information, in this study we assess
mGlu2 and mGlu3 mRNA expression in the mouse brain across development.

2. Methods

2.1. Animals

Mice were bred and housed under standard husbandry conditions, approved by the
Institutional Animal Care and Use Committee, and monitored daily for birth dates. Mice
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were euthanized, whole brains dissected and fresh frozen in O.C.T.; PN1 mice were
dissected in ice-cold PBS, while older brains were removed in ambient air (N = 3 per
timepoint). All brains were stored at —80 °C prior to sectioning. 18 um sections were cut
directly onto Super-Frost Plus Slides on a Leica CM 3050 S cryostat, onto series of 8 slides,
and ISH was performed on a set of 5 slides (with 15-21 sections per slide depending on the
age and bregma level totally 75-105 sections per animal) covering the distance from
olfactory bulb to hindbrain (Bregma —4.16), then air dried for 20 min and stored at —80 °C.

2.2. Design and generation of probes for in situ hybridization

Anti-sense mGlu2 and mGlu3 /n situ probes were generated by /n vitro transcription with
DIG-labeled NTPs from linearized cDNA templates, using DIG RNA Labeling SP6/T7 Kit
(Roche, 11175025910). A full-length cDNA clone BC115866 (Thermo Fisher, Open
Biosystems) was used as a template for mGlu2. A partial cDNA template for mGIuR3 was
cloned from 129SvEv whole brain cDNA by PCR using primers: 5’-
AAAGGCACTGGAACTGAAGA-3”" and 5 -GGTTGAGGCTCTGGAAGTAG-3’, and
subcloned into a pCR-11-TOPO vector (Life Technologies).

2.3. DIG-labeled in situ hybridization

All solutions and stocks were made up prior to the experiment with RNase free reagents. On
the day of experiment sections were air dried for 15 min, then placed in a slide basket. Slides
were immersed in cold 4% paraformaldehyde (PFA) for 15 min, washed 3 x 3 min in PBS,
then treated with Proteinase K for 5 min (Proteinase K solution: 1 pg/ml Proteinase K, 50
mM Tris pH7.5, 5 mM EDTA pH8.0). Slides were immersed in 4% PFA for a second time,
for 5 min, washed 3 x 3 min in PBS, then placed in acetylation solution for 10 min (84 mM
acetic anhydride, 24 mM triethanolamine, 20 mM HCI). Slides were washed 3 x 5 min in
fresh PBS prior to being removed from the metal slide rack and placed in a tray. Sections
were then covered with 500 ul hybridization solutions per slide and incubated ~2 h in a
humidified slide tray.

During this incubation, hybridization probes were prepared. Probes were diluted in
hybridization solution (0.1 uM/uL), heated at 80 °C for 5 min then returned immediately to
ice prior to being placed on sections. 100 UL probe solution was placed on each slide, which
were then cover-slipped and placed in boxes humidified with 5 x SSC, %50 formamide, and
incubated overnight at 72 °C.

The following day slides were immersed in 5xSSC preheated to 72 °C, and incubated for 5
min. Coverslips were removed and slides were transferred to 0.2xSSC at 72 °C, and
incubated for 1 h. Slides were transferred to 0.2xSSC at room temperature for 5 min prior to
being transferred to buffer B1 (0.1 M Tris-HCI pH7.5, 0.15 M NaCl). Slides were then
returned to the humidified tray and covered with 0.5 ml Buffer B2 (B1 +10% heat
inactivated normal goat serum), and incubated for 1 h. Slides were rinsed with buffer B1
then incubated overnight at 4 °C with anti-DIG antibody (Buffer B1 + %1 HINGS + 1:5000
Sheep anti-DIG-AP FAb fragments (Roche, 11093274910)), in a humidified tray.

On day 3, slides were washed 3 x 5 min in Buffer B1, and equilibrated in Buffer B3 (0.1 M
Tris-HCI pH9.5, 0.1 M NaCl, 50 mM MgCl5,) for 5 min. 0.5 ml of BCIP/NBT substrate
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solution (Vector Laboratories, SK-5400) was placed on each slide, slides were cover-slipped
and the DIG colorimetric reaction was allowed to proceed in the dark, at room temperature
until visualization of the DIG labeled probes occurred. A ddH20 wash ended the color
reaction, and slides were dried and mounted with Glycergel medium (Dako USA, C0563)
for imaging.

To test probe specificity, sense probes were hybridized in tandem for both receptors, and for
mGlu2 /n situ hybridization was performed on mGlu2 knockout mouse tissue. No
hybridization was detected in this mouse, allowing us to confirm that the probe did not
cross-react with mGlu3, or any other protein in the mouse brain (data not shown).

Sections were imaged using a Nikon DS-Fil microscope, and captured using NIS Elements
software. Captured images were compiled in Photoshop 6.0.

3.1. mGlu2 expression across a developmental time-course

At postnatal day 1 (PN1), mGlu2 expression is observed in cortical layers IV and V (Fig.
1A). Strongest cortical expression is in somatosensory regions, with lower levels detected in
the cingulate, insular, and parietal cortices, and the pyramidal layer of the piri-form cortex.
Diffuse punctate expression is observed in the dentate gyrus of the hippocampus (Fig. 1C).
Subcortically, numerous thalamic nuclei express mGlu2 at this time point (detailed in Table
1). Strong expression is observed in the basolateral amygdala and the medial habenula with
no expression detected in the lateral habenula (Fig. 1E).

By PN8, the most notable changes are in the hippocampus and cortex (Table 1, Fig. 1G and
I). Dense staining is seen in the granular layer of the dentate gyrus. Rostral cortex expression
is observed along a dorsoventral gradient with strongest levels in the somatosensory areas.
More caudally, the cingulate cortex shows intense expression, acquiring a layered pattern
with dense expression observed in layers IV and V (Table 1). In the olfactory bulb, mGlu2 is
expressed in the glomerular layer, the inter-peduncular nucleus, lateral subnucleus and the
mitral cell layer. Strong expression is also seen in the external anterior olfactory nucleus and
the dorsal tenia tecta, along the rostrocaudal axis (Table 1). The lateral septal nucleus
exhibits diffuse but strong expression. The medial habenula and the basolateral amygdala
also have demonstrable mGlu2 expression, and staining in several thalamic nuclei is evident
(Table 1, Fig. 1K). At PN25 strong cortical expression is evident in layer 1V (Fig. 1M), with
diffuse expression in layer 11/111, and V, and the pyramidal layer of the piriform cortex with
no positive cells observed in Layer | or VI. Highest levels of mGlu2 are observed in the
granular cell layer of the dentate gyrus (Fig. 10). This pattern of expression persists into
adulthood as observed at PN40 and PN100 time points (Table 1, Fig. 1S, U, W and Fig. 2A—
D). At PN100 mGlu2 is also observed at low levels in the pyramidal layer of the cornu
ammonis of the hippocampus (Figs. 1U and 2C).
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3.2. mGlu3 expression across a developmental time-course

At PN1, robust mGlu3 expression is already detectable in many regions: the glomerular and
mitral layers of the olfactory bulb, and cortex, with especially strong levels in layer 1V and
layer V, the nucleus accumbens core and shell, and in the striatum (Fig. 1B). Weaker
expression is seen in the zona incerta at this age. The region most strongly expressing
mGlu3 is the reticular thalamic nucleus (Fig. 1D, F). Interestingly, at this timepoint
expression is also observed along the medial wall of the lateral ventricle, an area coincident
with the corridor where neuronal progenitors are still migrating at this early stage (Fig. 1B).
Scattered punctate expression is observed throughout the brain, suggestive of glial
expression. By PN8 mGlu3 expression is clearly evident in the anterior olfactory nucleus,
dorsal tenia tecta, and granular insular cortex (Table 2). A notable difference between mGlu2
and mGlu3 is the high level of mGIlu3 expression seen in the striatum and the nucleus
accumbens core and shell (Fig. 1H, J). Lower levels of mGlu3 are observed in the
subgeniculate nucleus, dorsal lateral geniculate nucleus, and the medial habenular nucleus
(Table 2, Fig. 1 L). At PN25 cells expressing mGlu3 continue to be observed throughout the
cortex with densest expression now restricted to layer IV (Fig. 1N). Strong punctate
expression is also seen in the basolateral amygdala, and dense, uniform staining is seen
across the entire extent of the reticular thalamic nucleus (Fig. 1P, R). mGlu3 expression at
PN40 and PN100 is similar to that observed at PN25; strongest expression is in the reticular
thalamic nucleus (Fig. 1V, X). The cortex expresses mGlu3, across the rostrocaudal and
dorsoventral axes, and mGlu3 is abundant in the nucleus accumbens and the striatal matrix
(Table 2 and Fig. 1T). Expression is also seen in the pyramidal layer of the hippocampus, the
granular layer of the dentate gyrus, superficial gray superior colliculus, and the claustrum
(Fig. 2E-H).

Expression of both mGlu2 and mGlu3 appear to decrease with age. While this cannot be
quantified using DIG-labeled ISH, a relationship between mGlu2/3 and age has been shown
previously, using [3H]LY 341495 radioligand binding (Frank et al., 2011; Matosin et al.,
2014; McOmish et al., 2016).

4. Discussion

In this study we mapped expression of mGlu2 and mGlu3 mRNA throughout development
and in adulthood, in the mouse CNS. We show that while both mGlu2 and mGlu3 are each
expressed across many brain regions, they display distinct regional localization. Expression
of mGlu2 was most notable in cortical and hippocampal subregions with high enrichment in
the dentate gyrus; cortical mGlu2 appeared to decline across the time periods assessed,
while concentration in the dentate gyrus increased from PN1 to PN8, remaining consistently
high throughout later developmental stages and adulthood. mGlu3 was comparatively more
strongly expressed than mGlu2; however, levels of mGlu3 appeared to decrease more
significantly with age. The reticular thalamic nucleus was an exception to this trend,
retaining very strong mGlu3 expression throughout all time points investigated. In addition,
a tendency for mGlu3 expression to predominate in the basal ganglia was noted, while
subcortically mGlu2 was more widely expressed in central and medial thalamic nuclei. Both
receptors were expressed in amygdalar regions. In sum, these studies demonstrate robust
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expression of mGlu2 and mGlu3 in development and in adulthood, in distinct and
complementary patterns.

At PN40 and PN100, the expression patterns described herein align with previous research
describing mGlu2 and mGlu3 in adulthood, in rats (Ohishi et al., 1993b; a; Testa et al., 1994;
Petralia et al., 1996; Ohishi et al., 1998; Tamaru et al., 2001; Crook et al., 2002) showing
overlapping yet distinct patterns for the two receptor subtypes. mGlu3 has been reported to
be widely expressed in rat CNS ((Ohishi et al., 1993b; a; Testa et al., 1994; Petralia et al.,
1996; Ohishi et al., 1998; Tamaru et al., 2001) with high expression seen across most
cortical regions, striatum, nucleus accumbens, lateral amygdala, and in the thalamic reticular
nucleus. These studies also show that mGlu2 is strongly expressed in the golgi cells of the
cerebellar cortex and the mitral cells of the olfactory bulb, with weaker expression in the
neocortex, and amygdala ((Ohishi et al., 1993a, 1998) ((Sahara et al., 2001). In contrast with
the present investigation, these studies suggested that mGlu3 expression predominates in the
dentate gyrus of the hippocampus, with lower levels of mGlu2 being observable. Here we
show striking mGlu2 expression in the mouse dentate gyrus pyramidal layer, with minimal
mGIlu3 mRNA detected in this region, in agreement with another recent study in adult rat
CNS (Gu et al., 2008). Subtle differences in response to mGlu2/3 antagonists have been
demonstrated across mouse strains (Linden et al., 2005; Hetzenauer et al., 2008), and thus
strain-, or indeed species-specific differences may account for the inconsistency between
studies.

Extending our knowledge of mGlu2 and mGlu3 expression, this study is the first to
systemically investigate mGlu2 and mGlu3 mRNA in the CNS across a developmental time
course spanning early postnatal stages and adulthood. One published study has investigated
expression of mGlu2 and mGlu3 in rats across a postnatal developmental period up to PN30
(Catania et al., 1994). While many similarities are observed, in contrast to our findings in
mice, expression of mGlu2 in rats appears to be relatively low at PN1, increasing to a peak
at PN14, and then decreasing again by PN30.

More recently, an immunohistochemical study assessed mGlu2 protein in the juvenile mouse
brain (PN 10-13) (Venkatadri and Lee, 2014). The pattern of mGlu2 protein described in this
study is closely mimicked by our findings at the mRNA level, with some notable differences
including rostrocaudal and dorsoventral gradients in cortical expression intensity, and
labelling in the striatum and thalamic reticular nucleus — not observed in the present study.
In the absence of further information, it is difficult to identify the reasons for these
discrepancies, however mouse strain, protein versus RNA distribution, lack of antibody
specificity between mGlu2 and mGlu3, or methodological attributes are all potential sources
of variability.

In many of the regions assessed, most notably the cortex, both mGlu2 and mGlu3 expression
were discernable, with greatest overlap in layer IV and V. In regions of co-expression,
mGlu2 and mGlu3 have been suggested to be able to substitute for each other (Ceolin et al.,
2011) allowing for redundancy and functional flexibility. Contrastingly, several regions of
the CNS either express a single mGlu subtype, or preferentially express one subtype to such
an extent that one can begin to assign more precise roles to each receptor. Consistent with
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this, global knockouts of these receptors in mice demonstrate specific functions; mGlu2
appears to be critical for the antipsychotic-like effects of mGlu2/3 ligands (Spooren et al.,
2000), while both subtypes appear to be involved in the anxiolytic actions of mGlu2/3
antagonists (Linden et al., 2005). Meanwhile mGlu3, but not mGlu2, appear to underlie the
cellular response to mGlu2/3 antagonists in the centromedial amygdala and ventral lateral
septal nucleus (Hetzenauer et al., 2008). Thus the results of this study provide further
evidence for understanding how distinct and overlapping mGlu2 and mGlu3 circuits
contribute to the behavioral outcomes of genetic or pharmacological targeting of class I1
mGlu.

The most notable differences in expression were observed in the thalamic reticular nucleus
(strong mGlu3 expression with negligible mGlu2) and the dentate gyrus (strong mGlu2
expression with negligible mGlu3). The thalamic reticular nucleus (TRN) is a highly
complex, subcortical structure that forms a capsule around the thalamic nuclei. While it
receives input from cortex and other thalamic locales, it only sends efferent projections back
to the thalamus. It is a predominantly GABAergic structure, nonetheless containing
heterogeneous cell populations (Pinault, 2004), and has been reported to be broadly involved
in functional modalities, with at least seven sectors of this region having been defined
electrophysiologically, including five sensory regions, one motor region and one limbic
region (Shosaku and Sumitomo, 1983; Shosaku et al., 1984). The TRN has been suggested
to be involved in cognitive and sensory modalities that are disrupted in schizophrenia (Pratt
and Morris, 2015), and the extremely high levels of mGlu3 seen throughout the region
underscore the importance of mGlu3 in mediating these important functional consequences.
Interestingly, mGlu3 has been implicated in the pathophysiology of schizophrenia by genetic
studies (Schizophrenia Working Group of the Psychiatric Genomics C, 2014), supporting the
possible involvement of this region in the schizophrenia syndrome.

In contrast, mGlu2 expression was especially strong in the granular layer of the dentate
gyrus. The dentate gyrus (DG) is unique in many respects. It is widely known to undergo
neurogenesis in adulthood, while maintaining a constant cell count suggestive of balanced
cell turnover. It also appears to be unidirectional in its projections, with few reciprocal
connections described. Granule cells of the DG are innervated by the entorhinal cortex — the
major input to the DG — and give rise to unmyelinated ‘mossy fiber’ axons that project into
the CA3 and the polymorphic layer of the hippocampus. The granule cell layer of the DG is
composed of densely packed granule cells which are excitatory and, consistent with high
levels of mGlu2 expression, use glutamate as their primary neurotransmitter. They are most
widely noted for their role in memory formation, and accumulating evidence implicates this
region in schizophrenia. Reduced neurogenesis has been observed in the DG of postmortem
tissue from schizophrenia patients (Allen et al., 2016). Additionally, hippocampal glutamate
levels have been implicated as a key driver of psychosis (Schobel et al., 2013), and changes
in glutamate receptor expression in the DG have been suggested to underlie altered
glutamate concentrations across the hippocampus more broadly (Stan et al., 2015). Together,
these findings support an important role for class Il mGlu2 in the development of
schizophrenia.
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The observation that both mGlu2 and mGlu3 begin to be expressed during early (PN1-
PN25) stages, with the strongest DIG labelling observed at the earlier time points, suggests
an important role for these receptors in brain development. While little is known regarding
an active role of these receptors during embryonic or early postnatal periods, they can be
modulated during development by environmental stressors (Melendez et al., 2004; Nasca et
al., 2013), placing class Il mGlu in a key position to be regulators of gene x environment
interactions.

While the results described herein provide novel insight into glutamate receptor expression,
further experimentation would significantly add to these findings. Firstly, the study
measured mRNA in brain sections in a qualitative manner. While expression can be judged
as being weak, moderate or strong, /7 situ hybridization does not provide quantitative
information, and we are thus unable to comment on the absolute level of expression seen
across time points and probes. Moreover, protein levels were not measured, in large part due
to the dearth of specific antibodies, and thus we cannot comment on the distribution or
subcellular localization of functional receptors, during these time points. While a high
correlation between RNA and protein expression for these receptors has previously been
shown (Neki et al., 1996a; b; Ohishi et al., 1998), this would certainly require future
investigation.

Given the known importance of this class of receptors in modulating glutamatergic tone,
these findings will facilitate further investigation into the regulation of glutamatergic
signaling. A better understanding of the spatio-temporal expression dynamics of these
receptors will allow us to form more cogent hypotheses on how mGlu2 and/or mGlu3 work
together, or independently, in brain development and adult function. To do so requires
increasing our understanding of mGlu2 and mGlu3's role in maintaining healthy brain
function. Here we show that both mGlu2 and mGlu3 are present at high levels during
important developmental periods, and in regions of the CNS known to be involved in critical
functions that are disrupted in disorders such as schizophrenia, anxiety and depression. Our
results support a model in which these two receptors likely play precise and distinct roles in
controlling neural activity, while potentially possessing some functional redundancy,
allowing us to refine our view of how each of these receptors contributes to brain function in
health and in disease.
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AOM anterior olfactory nucleus, medial part
CA Cornu Ammonis
CNS central nervous system
DIG digoxigenin
DG dentate gyrus
Glu glutamate
ISH in situ hybridization
mGlu metabotropic glutamate receptor
PN postnatal day
TRN thalamic reticular nucleus
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Fig. 1.

mgluz and mGlu3 mRNA expression throughout development. /7 situ hybridization with
DIG-labeled antisense RNA probes for mGlu2 and mGlu3 of representative coronal sections
along the rostrocaudal axis at postnatal day 1 (PN1), PN8, PN25 and PN100 (adult) mouse
brain. Bregma levels are indicated for each section.
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PN 100 mGlu2

Bregma -1.34mm

Fig. 2.

Di%tinct patterns of mGlu2 and mGlu3 in the adult mouse brain. Representative images of
different brain subregions expressing mGlu2 and mGlu3 mRNA at postnatal day 100
(PN100). High magnification panels correspond to outlined borders on low magnification
map as indicated for mGlu2 (A-D) and mGlu3 (E-H). Distinct expression of mGlu2 and
mGlu3 is seen in the olfactory bulb (A and E), cortical layers (B and F), and subcortical
nuclei (D, H). mGlu2 is enriched in the dentate gyrus of the hippocampus (C), whereas high
levels of mGlu3 are seen in the reticular thalamic nucleus (G).
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Table 1

MGIu2 expression across the developmental period

Page 14

Summary of /n situhybridization data for mGlu2 mRNA expression levels across five developmental time
points — postnatal day 1 (PNZ1), PN8, PN25, PN40 and PN100 (adult). A qualitative expression level scale was
defined to correspond to the strength of observed DIG-BCIP/NBT colorimetric reaction as follows: ‘=’ no
detectable expression, ‘+’ weak, ‘++’ moderate, ‘+++’ strong, ‘++++’ very strong, ‘+++++’ extremely strong.

Brain region

PN1

PN8

PN25

PN40

PN100

Olfactory Bulb
AOB
AOM
Cortex
Layer 1
Layer 2/3
Layer 4
Layer 5
Layer 6
Hippocampus
CA Stratum oriens
CA Stratum pyramidale
CA Stratum radiens
CA Stratum lacunosum moleculare
DG molecular layer
DG granular layer
DG hilus
Amygdala
Basloateral
Central
Anterior amygdaloid area
Medial nucleus
Cortical nucleus
Lateral olfactory tract nucleus
Intercalated nuclei
Basal Ganglia
Striatum
Nucleus Accumbens Core
Nucleus Accumbens Shell
Thalamus
Habenula — medial
Habenula — lateral
Zona Incerta
Dorsomedial laterodorsal

Ventrolateral laterodorsal
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Brain region PN1 PN8 PN25  PN40  PN100
Ventrolateral +++ ++ + + +
Anteroventral + e+ - ++
Anteromedial + ++ ++ ++
Anterodorsal ++ ++ +++ ++ o+
Intermediodorsal + 4+
Mediodorsal — central +++ +++ ++ ++ ++
Mediodorsal — lateral +++ 44+ + + +
Xiphoid - + i+ ++ +
Reunions +++ ++ + + +
Rhomboid +++ + +++ + +
Central medial +++ 4+ - ++ ++
Posterior ++ +++ +
Ventral posteromedial ++ - ++
Reticular - - - - -
Dorsal Tenia tecta - ++ + — _
Medial Pretectal -

Lithoid ++++ 4+ +4++
Paraventricular nucleus +++ o+ 4
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Table 2
MGIu3 expression across the developmental period

Page 16

Summary of /n situhybridization data for mGlu3 mRNA expression levels across five developmental time
points — postnatal day 1 (PNZ1), PN8, PN25, PN40 and PN100 (adult). A qualitative expression level scale was
defined to correspond to the strength of observed DIG-BCIP/NBT colorimetric reaction as follows: ‘=’ no
detectable expression, ‘+’ weak, ‘++’ moderate, ‘+++’ strong, ‘++++’ very strong, ‘+++++’ extremely strong.

Brain region PN1 PN8 PN25  PN40  PN100
Olfactory Bulb
AOB s + +
AOM +H+tt ++ ++
Cortex
Layer 1 + + + + +
Layer 2/3 4 ++ ++ +++
Layer 4 B ++++ ++++ ++++
Layer 5 et +++ +++ +++
Layer 6 +++ +++ +++ +++ +++
Hippocampus
CA Stratum oriens + + + + +
CA Stratum pyramidale + + + + +
CA Stratum radiens + + + + +
CA Stratum lacunosum moleculare ~ + + + + +
DG molecular layer + + + + +
DG granular layer + + + + +
DG hilus + + + + +
Amygdala
Basloateral ++ + 4 ++ +
Central + + + + +
Anterior amygdaloid area + + + + +
Medial nucleus + + + + +
Cortical nucleus + + + + +
Lateral olfactory tract nucleus + + + + +
Intercalated nuclei + + + + +
Basal Ganglia
Striatum +H+tt +++ +++ +++
Nucleus Accumbens Core bt ++++ ++++ +++
Nucleus Accumbens Shell o+ At ++++ ++++ +++
Thalamus
Habenula — medial ++++ ++++ + +++ ++
Habenula - lateral +++ +++ + + +
Zona Incerta ++ + + + +
Dorsomedial laterodorsal ++ + + + +
\entrolateral laterodorsal ++ + + + +
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Brain region PN1 PN8 PN25  PN40  PN100
Ventrolateral ++ + + + +
Anteroventral ++ + + + +
Anterodorsal ++ + + + +
Intermediodorsal ++ + + + +
Mediodorsal — central ++ + + + +
Mediodorsal - lateral ++ + + + +
Xiphoid ++ + + + +
Reunions ++ + + + +
Rhomboid ++ + + + +
Central medial ++ + + + +
Paracentral ++ + + + +
Posterior ++ + + + +
Ventral posteromedial ++ + + + +
Reticular B e e e o
Dorsal Tenia tecta +++ ++ +++ ++ ++
Medial Pretectal ++++ + + +
Lithoid ++ + + + +
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