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Abstract  

 

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease due to motor neuron 

(MN) loss. The mechanisms causing selective MN death are largely unknown, thus 

prejudicing successful pharmacological treatments. Major causes of MN damage are effects 

downstream of the abnormal glutamate (Glu) neurotransmission. Group I metabotropic Glu 

receptors (mGluR1, mGluR5) actively contribute to the excitotoxicity in ALS and represent 

drugable molecular targets. We previously demonstrated that halving mGluR1 or mGluR5 

expression in the widely studied SOD1G93A mouse model of ALS had a positive impact on 

disease onset, clinical progression and survival, as well as on cellular and biochemical 

parameters altered in ALS. Whereas these effects were similar in female and male mGluR1 

heterozygous SOD1G93A mice, only male mGluR5 heterozygous SOD1G93A mice showed 

improved motor skills during disease progression. To further validate the role of Group I 

mGluRs in ALS, we generated in this study mGluR1 or mGluR5 null mice expressing the 

SOD1G93A mutation (SOD1G93AGrm1crv4/crv4 or SOD1G93AGrm5-/- respectively).  

SOD1G93AGrm1crv4/crv4 mice showed early and progressive motor impairments and died even 

before SOD1G93A mice, while SOD1G93AGrm5-/- mice exhibited delayed disease onset, longer 

survival, and ameliorated motor skills than SOD1G93A mice. No difference between female 

and male SOD1G93AGrm5-/- mice were observed. These effects were associated with enhanced 

MN preservation and decreased astrocytic and microglial activation. Our results strongly 

support the assumption that constitutively lowering of mGluR5 expression has a positive 

impact in mice with ALS by counteracting the abnormal Glu transmission and this could be a 

potentially effective pharmacological target in ALS. 
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Abbreviations 

ALS, amyotrophic lateral sclerosis; MN, motor neuron; Glu, glutamate; mGluT1, 

metabotropic glutamate receptor type 1; mGluR5, metabotropic glutamate receptor type 5; 

sALS, sporadic amyotrophic lateral sclerosis; fALS, familial amyotrophic lateral sclerosis; 

C9orf72, Chromosome 9 Open Reading Frame 72; SOD1, superoxide dismutase type 1; 

TARDBP, TDP43, 43 kDa transactive response-DNA binding protein; FUS/TLS,  fused in 

sarcoma/translocated in liposarcoma; NMDA, N-methyl-D-aspartate receptor; AMPA, Į-

amino-3-hydroxy-5-methyl-4-isoxazole propionate; 3,5-DHPG, (S)-3,5-

dihydroxyphenylglycine; LTR, Long Terminal Repeat; PCR, polymerase chain reaction; 

PaGE, paw grip endurance; GSM, Grip-Strength Meter; PBS, phosphate-buffered saline, 

IBA-1, ionized calcium binding adaptor molecule 1; GFAP, glial fibrillary acidic protein; 

BSA, bovine serum albumin; DAPI, �ƍ��-diamidino-2-phenylindole; EDTA, 

ethylenediamminetetraacetic acid; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; 

ANOVA, analysis of variance; WB, western blotting; IF, immunofluorescence. 
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Introduction 

Amyotrophic lateral sclerosis (ALS) is a fatal disease in which cortical and spinal cord 

motor neurons (MNs) degenerate causing severe and irreversible muscle weakness, wasting 

and atrophy, with death of patients by respiratory failure within 3-5 years after diagnosis 

(Eisen, 2009). Approximately, 90% of ALS cases are sporadic (sALS) due to multiple 

genetic, epigenetic and environmental factors, while about 10% are familial (fALS) 

(Andersen and Al-Chalabi, 2011), clinically indistinguishable from sALS. Mutations in more 

than 20 genes have been associated with fALS, the most important ones being mutations in 

Chromosome 9 Open Reading Frame 72 (C9orf72), Superoxide Dismutase type 1 (SOD1), 43 

kDa Transactive Response-DNA Binding Protein (TARDBP, TDP43), and Fused in 

Sarcoma/Translocated in Liposarcoma (FUS/TLS) (Laferriere and Polymenidou, 2015; 

Alsultan et al. 2016).  

The causes of MN death in ALS are not yet completely understood and this has 

hampered the development of successful pharmacological treatments. Different cellular and 

molecular mechanisms have been proposed as aetiological causes of ALS. Amongst others, 

glutamate (Glu)-mediated excitotoxicity, oxidative stress, neuroinflammation, mitochondrial 

dysfunction and bioenergetics alterations, protein misfolding and aggregation, impaired 

axonal transport and dysregulation of RNA signalling have all been suggested as being 

involved in the disease process (Cleveland et al., 1996; Morrison and Morrison, 1999; Van 

Den Bosch et al., 2006; Ferraiuolo et al., 2011; Tan et al., 2014; Peters et al., 2015; King et 

al., 2016). Evidence implicating Glu-mediated excitotoxicity in ALS is mainly based on the 

presence of elevated levels of extracellular Glu in sporadic and familial ALS patients (Perry et 

al., 1990; Rothstein et al., 1990; Shaw et al., 1995; Spreux-Varoquaux et al., 2002; 

Wuolikainen et al., 2011) on the increased glutamate transmission in mouse models of ALS, 

due to the reduced expression of the Glu transporter EAAT2 (Rothstein et al., 1995; 
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Cleveland and Rothstein, 2001), on the abnormal glutamate neuronal exocytosis (Milanese et 

al. 2011; Bonifacino et al., 2016), on the anomalous functioning of postsynaptic Glu receptors 

at lower MNs (Van Den Bosch et al., 2000; Kuner et al., 2005; Tortarolo et al., 2006), and on 

the therapeutic use of riluzole, which reduces glutamate release (Lazarevic et al., 2018).  

Glu is the natural agonist of ionotropic and metabotropic receptors. Ionotropic receptors 

are the N-methyl-D-aspartate (NMDA) receptor, Į-amino-3-hydroxy-5-methyl-4-isoxazole 

propionate (AMPA) and kainate receptors that are assembled as multiple heteromers of 

different subunits (Conti and Weinberg, 1999; Dingledine et al., 1999). Also, metabotropic 

Glu receptors (mGluRs) are relevant targets of released Glu (Pin and Acher, 2002; Musante et 

al., 2008; Nicoletti et al., 2011; Giribaldi et al., 2013; Pittaluga, 2016) and comprise eight 

receptor subtypes, divided into three groups. Group I mGluRs, which include mGluR1 and 

mGluR5, are excitatory and their activation produces inositol-1,4,5-trisphosphate and 

diacylglycerol, resulting in mobilization of intracellular Ca2+ and activation of protein kinase 

C. Group II and III, including the other six mGluRs are inhibitory and negatively coupled to 

adenylyl cyclase activity (Pin and Duvoisin, 1995; Nicoletti et al., 2011).  

A number of reports described that mGluR1 and mGluR5 are over-expressed in the 

spinal cord of ALS patients and SOD1G93A mice (Anneser et al., 1999; Aronica et al., 2001; 

Valerio et al., 2002; Anneser et al., 2004) and that they contribute to degeneration of neuronal 

DQG�JOLDO�FHOOV��9DOHULR�HW�DO���������5RVVL�HW�DO���������'¶$QWRQL�HW�DO���������0DUWRUDQD�HW�DO���

2012; Battaglia et al., 2018) possibly through a complex mechanism involving inflammation-

induced sensitization to neuronal excitotoxicity (Degos et al., 2013). We previously found that 

exposure to the mGluR1/5 agonist (S)-3,5-Dihydroxyphenylglycine (3,5-DHPG) at 

FRQFHQWUDWLRQV� !���� ȝ0� VWLPXODWHG� *OX� UHOHDVH� LQ� OXPEDU� VSLQDO� FRUG� RI� ERWK� FRQWURO� DQG�

SOD1G93A mice. At variance, concentrations of 3,5-'+3*������ȝ0�LQFUHDVHG�*OX�UHOHDVH�LQ�

SOD1G93A mice only. The Glu release potentiation involved both mGluR1 and mGluR5, while 
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mGluR5 was preferentially involved in the high potency effects of 3,5-DHPG (Giribaldi et al 

2013). More recently, we also demonstrated that halving the expression of mGluR1 or 

mGluR5 in SOD1G93A mice produced delayed disease onset and increased survival, 

accompanied by improved motor skills and amelioration of a number of histological and 

biochemical characteristics altered in ALS (Milanese et al., 2014; Bonifacino et al., 2017). 

Whereas these effects were similar in SOD1G93A female and male mGluR1 heterozygous mice 

(SOD1G93AGrm1crv4/+), only SOD1G93A mGluR5 heterozygous (SOD1G93AGrm5-/+) males 

showed improved motor skills during disease progression. 

To support the translational value of targeting group I mGluRs in ALS, we produced 

here mice lacking mGluR1 (SOD1G93AGrm1crv4/crv4) or mGluR5 (SOD1G93AGrm5-/-). 

SOD1G93AGrm1crv4/crv4 mice displayed a negative phenotype that hampered further analysis. 

Instead, complete knock out of mGluR5 mice had a very positive effect on the phenotype of 

the SOD1G93A mice and exhibited a clinical course that was more favourable than 

SOD1G93AGrm5-/+ mice. Moreover, motor skills were improved both in female and male 

SOD1G93AGrm5-/- mice. 
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Materials and Methods 

 

Animals 

B6SJL-Tg(SOD1*G93A)1Gur mice expressing high copy number of mutant human 

SOD1 with a Gly93Ala substitution (SOD1G93A mice; Gurney et al., 1994) were originally 

obtained from Jackson Laboratories (Bar Harbor, ME, USA). Transgenic male mice were 

crossed with background-matched B6SJL wild-type females and selective breeding maintains 

the transgene in the hemizygous state. Transgenic mice are identified analyzing tissue extracts 

from tail tips as previously described (Stifanese et al., 2010). Grm1crv4 mice carrying a 

recessive loss-of-function mutation (crv4) in the gene (Grm1) coding for mGluR1 were used 

to obtain SOD1G93AGrm1crv4/crv4 double mutants. The crv4 mutation is a spontaneous recessive 

mutation occurred in the BALB/c/Pas inbred strain. It consists of an insertion of a 

retrotransposon LTR (Long Terminal Repeat) fragment occurred in intron 4 of the Grm1 gene 

and causing the disruption of the gene splicing and the absence of the receptor protein (Conti 

et al., 2006). Affected (Grm1crv4/crv4) and control (Grm1+/+) mice are maintained on the same 

genetic background by intercrossing Grm1crv4/+ mice. The genotype of Grm1crv4 mice was 

identified by real-time PCR using specific primers as already reported (Musante et al., 2008). 

B6.129-Grm5tm1Rod/J, carrying a null mutation for mGluR5 (Grm5-/+; Lu et al., 1997) were 

originally obtained from Jackson Laboratories (Bar Harbor, ME, USA). The genotype of 

Grm5-/+ mice was identified by polymerase chain reaction (PCR) using specific primers 

according to the Jackson Laboratory protocols with minor modifications, as previously 

described (Bonifacino et al., 2017). SOD1G93A male mice (on a mixed C57BL6-SJL 

background) were bred with Grm1crv4/+ females (BALB/c background) to generate double-

mutants carrying the Grm1crv4/+ heterozygous mutation and the SOD1*G93A transgene. 

SOD1G93AGrm1crv4/+ double mutants from the initial crossing were then crossed with 
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Grm1crv4/+ animals to obtain SOD1G93AGrm1crv4/crv4 mice (Figure 1). With the same approach, 

SOD1G93A male mice were bred with Grm5-/+ females to generate SOD1G93AGrm5-/+ double-

mutants carrying the Grm5-/+ heterozygous mutation and the SOD1*G93A transgene. 

SOD1G93AGrm5-/+ double mutants from the initial crossing were then crossed with Grm5-/+ 

mice to obtain SOD1G93AGrm5-/- mice. Animals were housed at constant temperature (22 ± 

1°C) and relative humidity (50%) with a regular 12 h-12 h light cycle (light 7 AM-7 PM), 

throughout the experiments. Food (type 4RF21 standard diet obtained from Mucedola 

(Settimo Milanese, Milan, Italy) and water were freely available. All experiments were 

carried out in accordance with the European Communities Council (EU Directive 114 

2010/63/EU for animal experiments; September 22nd, 2010) with the Italian D.L. n. 26/2014, 

and were approved by the local Ethical Committee and by the Italian Ministry of Health 

(Project Authorization No.97/2017-PR). All the animal-involving experiments comply with 

the ARRIVE guidelines, to minimize animal suffering and to use only the number of animals 

necessary to produce reliable results. Gender were balanced among the experimental groups 

to avoid bias due to sex-related intrinsic differences in disease severity. For experimental use 

animals were killed at a late stage of disease according to a five-point clinical score level, as 

previously described (Uccelli et al., 2012). A total number of 29 WT, 52 SOD1G93A, 8 

SOD1G93AGrm1crv4/crv4, 42 SOD1G93AGrm5-/- and 9 Grm5-/- mice were used in this study. 

 

Survival and motor performance  

Body weight: body weight was measured immediately before behavioural tests. Disease 

onset was dH¿QHG�UHWURVSHFWLYHO\�DV�WKH�WLPH�ZKHQ� the body weight was significantly lower 

than that of control mice (Boilée et al., 2006). Survival probability: survival was identified as 

the time at which mice were unable to right themselves within 20 s when placed on their side. 

Survival data originated from those animals scored in clinical tests only. Animals used in 
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clinical tests were not used for other experiments. Clinical test registration was started at day 

90 and data were recorded three times a week, until death. Tests were performed in 

randomized order by a blinded observer. Motor coordination: mice were rated for disease 

progression by scoring the Rotarod and the Balance Beam test performances. Rotarod test: the 

time for which an animal could remain on the rotating cylinder was measured, starting at day 

90, using an accelerating Rotarod apparatus (Rota-Rod 7650; Ugo Basile, Comerio, Italy). In 

this procedure the rod rotation gradually increases in speed from 4 to 40 r.p.m. over the course 

of 5 min.  Before registration animals were trained for 10 days. Balance Beam test: it consists 

of 1meter long beam with a 6 mm width upper surface, standing 50 cm above ground. Mice 

were placed at the starting point and encouraged to cross the beam by means of a black box 

placed at the end. The number of foot slips while walking along the beam was recorded 

(Luong et al., 2011).   Motor skills: mice were rated for disease progression by scoring the 

extension reflex of hind limbs and the gait. Extension reflex test: animals were evaluated by 

observing the hind limb posture when suspended by the tail. Gait: deficits were measured by 

observing mice in an open field. Motor skills were rated using a 5-point score scale (5, no sign 

of motor dysfunction; 0, complete impairment) as previously described (Uccelli et al., 2012). 

Muscle strength: mice were rated for disease progression by scoring the Grip strength (fore 

limb muscle strength) and the Hanging wire (hind limb paw grip endurance) tests. Grip 

strength test: mice were placed over a base plate in front of a grasping bar fitted to a force 

sensor, for the automated detection of the animal fore limbs strength. The force transducer has 

a maximum applicable force of 1500g, with a resolution 0.1g (GSM Grip-strength Meter, Ugo 

Basile, Gemoino, VA, Italy). The test was repeated three times per trial and the average value 

of the mouse grip force (arbitrary units) were registered (Seo et al., 2011). Hanging wire test: 

hind limb grip endurance was measured by placing mice on a cage wire-lid held 

approximately 50 cm above a cage containing fresh bedding. The wire lid was then cautiously 
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turned upside down and the latency of the animal to go off the grid with both hind limbs was 

quantified (Alfieri et al., 2014). A 120 sec cut off time was used.  

 

Histological studies 

WT, SOD1G93A, Grm5-/-, and SOD1G93AGrm5-/- mice (110 days old) were euthanized 

and spinal cords were post-fixed in 4% paraformaldehyde in phosphate-buffered saline (PBS, 

pH 7.4) for 24 h. After careful rinses in PBS, the specimen was dehydrated with an increasing 

ethanol series (80, 90, 95, 100%) and embedded in Paraplast (Sigma-Aldrich, Saint Louis, 

MO, USA). Longitudinal Paraplast sections (5 µm thick) were cut, rehydrated in a decreasing 

ethanol series (100, 95, 90, 80%) and washed in PBS. Dewaxed serial sections were incubated 

overnight in a moist chamber at 4 °C with a rabbit polyclonal antibody against ionized 

calcium binding adaptor molecule 1 (IBA1, Wako, Osaka, Japan cod: 016-20001) or a rabbit 

polyclonal antibody against glial fibrillary acidic protein (GFAP, Sigma-Aldrich, St. Loius, 

MO, USA cod: G9269). Both antibodies were diluted 1:200 in PBS plus 0.1% bovine serum 

albumin (BSA). After rinsing in PBS, sections were incubated with Alexa-488-conjugated 

anti-rabbit antiserum (1:800; Molecular Probes - Thermo Fisher Scientific, Rockford, IL, 

USA cod: #A27034) for 1 h. Sections were then stained with �ƍ��-diamidino-2-phenylindole 

(DAPI), thoroughly washed in PBS and mounted in a glycerol/PBS (1:1) solution. Sections 

were examined by an Olympus BX60 epifluorescence microscope (Ravera et al., 2016). To 

evaluate the number and the morphology of MNs, fixed section series were also stained using 

haematoxylin and eosin (Cardiff et al., 2014). MNs were selected and counted based on diameters 

greater than 25 µm.  
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Protein expression 

Spinal cord of 110 days old WT, SOD1G93A, Grm5-/-, and SOD1G93AGrm5-/- mice were 

dissected and homogenized in lysis buffer (10 mM Tris, pH 8.8, 20% glycerol, 2% sodium 

dodecyl sulphate, 0.1 mM ethylenediamminetetraacetic acid �('7$��� ��� ȕ-

mercaptoethanol). Protein concentration was determined according to Bradford (1976) using 

bovine serum albumin (Sigma-Aldrich, St Louis, Missouri, USA) as a standard. Appropriate 

amount (10-15 µg) of total proteins were separated by SDS-polyacrylamide gel 

electrophoresis using 4-15% or 4-20% precast gels (Bio-Rad, Segrate MI, Italy). Protein 

electro-blotting was monitored by naphthol blue staining of gels (Sigma-Aldrich, St Louis, 

MO, USA). Membranes were then incubated with a mouse monoclonal anti-mGluR1 antibody 

(1:2500; BD Biosciences, San Jose, CA, USA; code 610964), a rabbit polyclonal anti-

mGluR5 (1:10000, Epitomics, Burlingame, CA, USA; code 2237-1), anti-GFAP mouse 

monoclonal antibody (1:1000, Sigma-Aldrich, St. Loius, MO, USA cod: G9269) or anti-IBA1 

rabbit polyclonal antibody (1:1000, Wako, Osaka, Japan cod: 016-20001) and with a mouse 

monoclonal anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody (1:10000; 

Millipore, Billerica, MA, USA; code MAB374). After incubation with appropriate 

peroxidase-coupled secondary antibodies, protein bands were detected by a Western blotting 

detection system (ECL Advance���$PHUVKDP� %LRVFLHQFHV�� 3LVFDWDZD\�� 1-�� 86$��� %DQGV�

were detected and analyzed for density using an enhanced chemiluminescence system 

(Alliance 6.7 WL 20M, UVITEC, Cambridge, UK) and UV1D software (UVITEC). Bands of 

interest were normalized for GAPDH level in the same membrane. The concentration of 

proteins felt in the linear portion of the curve.  
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Statistics 

Data are expressed as mean ± s.e.m. and p value < 0.05 was considered significant. The 

Kaplan±Meier plot was used to evaluate survival probability and cumulative curves were 

compared using the log-rank test. All the data sets passed normality test and equal variance 

test. One-tail Student t test to compare two mean populations and one-way ANOVA followed 

by Bonferroni post hoc tests for multiple comparisons were used. Statistical analyses were 

performed by means of SigmaStat (Systat Software, Inc., San Jose, CA, USA).  
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Results  

 

Generation of SOD1G93A Grm1crv4/crv4 and SOD1G93A Grm5-/- mice 

 To obtain mice expressing the human G93A-mutated SOD1 and lacking mGluR1, we 

crossed SOD1G93A transgenic mice with the Grm1crv4/+ mouse line, carrying a recessive loss-

of-function mutation (crv4) in the gene (Grm1) coding for mGluR1 (Conti et al., 2006). 

Double transgenic heterozygous mice from the first breeding were again crossed with the 

heterozygous Grm1crv4/+ mouse line to obtain homozygous double mutants (Fig. 1, panel A). 

WT, Grm1crv4/+, Grm1crv4/crv4, SOD1G93A, SOD1G93AGrm1crv4/+, and SOD1G93AGrm1crv4/crv4 

were all born at the expected Mendelian ratio and were indistinguishable from wild-type 

littermates at birth, except for SOD1G93AGrm1crv4/crv4, that were characterized by reduced 

dimensions at birth and showed motor alteration typical of an ataxic phenotype during 

growth. Remarkably, Grm1crv4/crv4 mice showed almost the same phenotype. These 

neurological characteristics hampered assessing disease progression and motor abilities in 

SOD1G93AGrm1crv4/crv4 mice. In addition, these mice survived even less than SOD1G93A mice 

(Table 1). Therefore, we abandoned the studies with SOD1G93AGrm1crv4/crv4 mice.  

 

 

 

 

 

 

 

Table 1. SOD1G93AGrm1crv4/crv4 mice survival. 

 

SOD1G93AGrm1crv4/crv4 mice 
Gender 

(ID) 
survival 
(days) 

Male #1 108 
Male #2 28 
Male #3 121 
Male #4 102 

Female #1 103 
Female #2 103 
Female #3 35 
Female #4 111 
Female #5 30 
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Similarly, we crossed SOD1G93A mice and Grm5-/+ mice, heterozygous for mGluR5, 

obtaining a F1 generation carrying the G93A mutation but lacking half of mGluR5 

(SOD1G93AGrm5-/+). Double transgenic heterozygous mice from the first breeding were again 

crossed with the heterozygous Grm5-/+ mouse line to obtain homozygous double mutants 

(Fig. 1, panel B).  WT, Grm5-/+, Grm5-/-, SOD1G93A, SOD1G93AGrm5-/+ and SOD1G93AGrm5-/- 

were all born at the expected Mendelian ratio and were all indistinguishable from wild-type 

littermates at birth.  
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Figure 1. Schematic representation of animal crossing.  Panel (A). SOD1G93A male mice were 
bred with Grm1crv4/+ females. Four genetically distinct mouse littermates (F1: WT, Grm1crv4/+, 
SOD1G93A, and SOD1G93AGrm1crv4/+) were obtained (not shown). SOD1G93AGrm1crv4/+ male mice were 
bred with Grm1crv4/+ females to generate six genetically distinct mouse littermates (F2: WT, 
Grm1crv4/+, Grm1crv4/crv4, SOD1G93A, SOD1G93AGrm1crv4/+, and SOD1G93AGrm1crv4/crv4). 
SOD1G93AGrm1crv4/crv4 represents the double-mutant mouse carrying both the Grm1crv4/crv4 

homozygous mutation and the SOD1*G93A transgene. Panel (B). SOD1G93A male mice were bred 
with Grm5-/+ females. Four genetically distinct mouse littermates (F1: WT, Grm5-/+, SOD1G93A, and 
SOD1G93AGrm5-/+) were obtained (not shown). SOD1G93AGrm5-/+ male mice were bred with Grm-/+ 
females to generate six genetically distinct mouse littermates (F2: WT, Grm5-/+, Grm5-/-, SOD1G93A, 
SOD1G93AGrm5-/+, and SOD1G93AGrm5-/-). The SOD1G93AGrm5-/- is the double-mutant mouse carrying 
both the Grm5-/- homozygous mutation and the SOD1*G93A transgene.  
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To verify the impact of the genetic manipulation on receptor expression, spinal cord 

lysates of WT, Grm5-/-, SOD1G93A, and SOD1G93AGrm5-/- mice were analysed for mGluR1 and 

mGluR5 expression by immunoblot (Fig. 2A). The analysis showed that mGluR5 was over-

expressed in SOD1G93A mice compared to WT (about 40% increase; p<0.05, F(3,8)= 89.792) 

and that its expression was indeed absent in Grm5-/- and in SOD1G93AGrm5-/- mice (Fig. 2B). 

The mGluR1 expression did not change significantly in the four mouse lines (Fig. 2C). 

 

 

 
Figure 2. Expression of mGluR1 and mGluR5 in spinal cord of WT, Grm5-/-, SOD1G93A, and 
SOD1G93AGrm5-/- mice.  
The amount of mGluR5 (B) and mGluR1 (C) in spinal cord homogenates was quantified by SDS-
PAGE and Western blotting. Mouse anti-mGluR1 monoclonal antibody or rabbit anti-mGluR5 
polyclonal antibody was used. mGluR1 and mGluR5 bands were normalized for GAPDH and shown 
as relative to the WT genotype. Representative immunoreactive bands (A) and quantitative analysis 
are reported. Data are Means ± s.e.m of 3 independent experiments run in triplicate (3 mice per group, 
3 loading). *p<0.05 and **p<0.001 vs. WT and #p<0.001 vs. SOD1G93A (One-way ANOVA followed 
by Bonferroni post-hoc tests). 
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Disease onset is delayed and survival is increased in SOD1G93AGrm5-/- mice. 

SOD1G93A and SOD1G93AGrm5-/- mice showed a significant decrease in body weight 

compared to WT mice.  This decrease in body weight became significant starting around day 

118 of life in male SOD1G93A (p<0.05, t(23)= -2.256) mice and around day 132 in male 

SOD1G93AGrm5-/- mice (p<0.01, t(18)= -3.288) (Fig. 3A). As to female SOD1G93A and 

SOD1G93AGrm5-/- mice, the decrease of body weight became significant starting around day 

111 (p<0.05, t(15)= -2.230) and day 120 (p<0.05, t(15)= -2.448), respectively (Fig. 3B). The 

weight decrease was always less pronounced in SOD1G93AGrm5-/- compared to SOD1G93A 

mice. 

 
Figure 3. Body weight in SOD1G93A and SOD1G93AGrm5-/- mice.  
Body weight was measured immediately before behavioural tests in WT, SOD1G93A, and 
SOD1G93AGrm5-/- male (A) and female (B) mice as a mark of disease onset. Data are means ± s.e.m. of 
10 WT, 15 SOD1G93A, and 10 SOD1G93AGrm5-/- males per group (A) and of 10 WT, 7 SOD1G93A, and 7 
SOD1G93AGrm5-/- females per group (B). The first day in which the body weight of SOD1G93A or of 
SOD1G93AGrm5-/- mice was statistically different from that of WT mice were registered as an index of 
clinical onset. *p < 0.05 at least (one-tail Student t test). 
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This shift in weight loss in SOD1G93AGrm5-/- mice, which has been linked to the 

appearance of symptoms (Boilée et al., 2006), suggests that eliminating mGluR5 in SOD1G93A 

mice significantly delayed the disease onset. 

Abolishing mGluR5 prolonged the life span of the SOD1G93AGrm5-/- double mutant 

mice compared to SOD1G93A mice. The Kaplan-Meier curve reported in figure 4A shows a 

significant (p<0.001) survival amelioration in mixed male and female SOD1G93AGrm5-/- 

respect to SOD1G93A mice.  The average survival was 131.3 ± 2.5 days in the case of 

SOD1G93A mice and 153.2 ± 4.2 days in the case of SOD1G93AGrm5-/- mice (p<0.001; t(37) = 

4.880). Since we previously experienced gender differences in mGluR5-lacking heterozygous 

SOD1G93A mice (Bonifacino et al., 2017), we looked also at the survival and behavioural 

abilities of male and female mice, separately. When survival was analyzed in male mice, a 

more pronounced shift of SOD1G93AGrm5-/- mouse Kaplan-Meier curve was observed. The 

Kaplan-Meier survival probability curves of male SOD1G93AGrm5-/- and SOD1G93A mice were 

significantly different (p<0.001) and the shift was more pronounced than in mixed sexes (Fig. 

4B). The mean survival age was 129.2 ± 3.2 days in the case of male SOD1G93A, while it was 

158.4 ± 6.6 days in the case of male SOD1G93AGrm5-/- mice, (p<0.001, t(23)=4.401). The mean 

survival age of female SOD1G93A mice was 129.6 ± 1.9 days while it was 145.9 ± 2.7 days in 

female SOD1G93AGrm5-/- mice (p<0.001, t(12)= 4.959). Although less pronounced, also the 

shift of the Kaplan-Meyer survival probability curve of female SOD1G93AGrm5-/- mice was 

significantly different (p<0.001) from that of SOD1G93A mice (Fig. 4C).  

From these results we conclude that the total ablation of mGluR5 increases survival 

both in male and female SOD1G93AGrm5-/- mice. 

 

 

 



 19 

 
Figure 4. Survival probability in SOD1G93A and SOD1G93AGrm5-/- mice.   
Kaplan-Meyer analysis was used to determine the survival probability differences between SOD1G93A 
and SOD1G93AGrm5-/- in male + female (A), male (B), and female (C) mice. Survival time was 
assumed as the time when animals were unable to right itself within 20 s when placed on their side. 
Data are means ± s.e.m. of 15 SOD1G93A and 10 SOD1G93AGrm5-/- males, and of 7 SOD1G93A and 7 
SOD1G93AGrm5-/- females. The difference between Kaplan-Meyer curves was significant at p < 0.001 
in A, B, and C panels (Log-rank test).  
 
 
 
Behavioural performances are improved in SOD1G93AGrm5-/- mice. 

To assess the effects of abolishing mGluR5 expression in SOD1G93A mice on the decay 

of behavioural performances during disease progression, we analyzed motor coordination, 

motor skills and muscle parameters strength in SOD1G93A and SOD1G93AGrm5-/- mice. Motor 

coordination was evaluated by Rotarod and balance beam tests and motor skills were assessed 

by monitoring hind limb extension reflex and gait. The muscle strength was determined by 

hanging wire and a grip strength meter tests. As expected, the performance of SOD1G93A mice 
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for these tasks was the same as that of WT mice (not shown in the figures) until around day 

80, subsequently it rapidly worsened.  

In this later phase, SOD1G93AGrm5-/- mice performed significantly better than SOD1G93A 

mice for the Rotarod task, meaning that their age-dependent deterioration was much slower 

(Fig. 5A). We then analyzed the sex contribution to the above results. Motor coordination of 

SOD1G93AGrm5-/- mice was significantly increased both in male (Fig. 5B) and female (Fig. 

5C) mice, although males exhibited a more pronounced shift of the curve.  

 

 

 
Figure 5. Rotarod test in SOD1G93A and SOD1G93AGrm5-/- mice.  The Rotarod test was used to 
determine motor coordination differences during the disease progression between SOD1G93A and 
SOD1G93AGrm5-/- in male + female (A), male (B), and female (C) mice. Animals were tested three days 
a week starting on day 90. The Rotarod speed was increased from 4 to 40 rpm in 5 min and falling off 
time was recorded. Data are means ± s.e.m. of 12 SOD1G93A and 9 SOD1G93AGrm5-/- males and of 12 
SOD1G93A and 7 SOD1G93AGrm5-/- females. *p < 0.05 at least (one-tail Student t test). 
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Results of the balance beam task are reported in figure 6A and show that the number of 

fails while crossing the beam were lower in SOD1G93AGrm5-/- mice when compared to age-

matched SOD1G93A mice. The fails vs. age curve was significantly shifted to the right both in 

male and female SOD1G93AGrm5-/- mice, however male SOD1G93AGrm5-/- mice (Fig. 6B) 

performed better than females (Fig. 6C).  

 

 
 
Figure 6. Balance beam test in SOD1G93A and SOD1G93AGrm5-/- mice. The balance beam test was 
used to determine motor coordination differences during the disease progression between SOD1G93A 
and SOD1G93AGrm5-/- in male + female (A), male (B) and female (C) mice. Animals were tested three 
days a week starting on day 90. The number of hind limbs fails during crossing the beam was 
registered. Data are means ± s.e.m. of 12 SOD1G93A and 9 SOD1G93AGrm5-/- males and of 12 SOD1G93A 
and 7 SOD1G93AGrm5-/- females. *p < 0.05 at least (one-tail Student t test). 
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SOD1G93AGrm5-/- mice performed significantly better than SOD1G93A mice also in the 

motor skill tests. In the extension reflex task, SOD1G93AGrm5-/- mice obtained a better score 

than SOD1G93A (Fig. 7A) and again males (Fig. 7B) were better than females (Fig. 7C).  

 

Figure 7. Hind limbs extension reflex test in SOD1G93A and SOD1G93AGrm5-/- mice.   
The hind limb extension reflex test was analysed to determine motor skill differences during the 
disease progression between SOD1G93A and SOD1G93AGrm5-/- in male+female (A), male (B) and female 
(C) mice. Animals were tested three days a week starting on day 90. Animal were suspended by tail 
and a 0-5 scale was used to score hind limb postures. Data are means ± s.e.m. of 12 SOD1G93A and 9 
SOD1G93AGrm5-/- males and of 12 SOD1G93A and 7 SOD1G93AGrm5-/- females. *p < 0.05 at least (one-
tail Student t test). 
 
 
 

The gait task in an open field was monitored in SOD1G93AGrm5-/- mice. These mice 

always obtained a better score than SOD1G93A mice (Fig. 8A) and again males performed 

better than females (Fig. 8B and 8C, respectively).  

 



 23 

 
 

 
Figure 8. Gait test in SOD1G93A and SOD1G93AGrm5-/- mice.   
The gait test was used to determine motor skill differences during the disease progression between 
SOD1G93A and SOD1G93AGrm5-/- in male+female (A), male (B) and female (C) mice. Animals were 
tested three days a week starting on day 90. Animal were allowed to move in an open space and a 0-5 
scale was used to score walk impairment. Data are means ± s.e.m. of 12 SOD1G93A and 9 
SOD1G93AGrm5-/- males and of 12 SOD1G93A and 7 SOD1G93AGrm5-/- females. *p < 0.05 at least (one-
tail Student t test). 
 
 
 

Similarly, SOD1G93AGrm5-/- mice performed significantly better than SOD1G93A mice in 

the Hanging wire test, measuring hind limbs muscle strength tests. The analysis revealed an 

improvement in SOD1G93AGrm5-/- mice when compared to SOD1G93A mice (Fig. 9A). 

Differently from above, the amelioration observed in male (Fig. 9B) and females (Fig. 9C) 

were similar.  
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Figure 9. Hanging wire test in SOD1G93A and SOD1G93AGrm5-/- mice.  The wire hang test was used 
to determine hind limb muscle strength differences during the disease progression between SOD1G93A 
and SOD1G93AGrm5-/- in male+female (A), male (B) and female (C) mice. Animals were tested three 
days a week starting on day 90. Animal were placed on a grid which was turned upside down and the 
hind limb detach time was recorded. Data are means ± s.e.m. Data are means ± s.e.m. of 12 SOD1G93A 
and 9 SOD1G93AGrm5-/- males and of 12 SOD1G93A and 7 SOD1G93AGrm5-/- females. *p < 0.05 at least 
(one-tail Student t test). 
 
 
 

Finally, the Grip strength meter, measuring the fore limb muscle strength, indicated that 

the fore limb force was increased in SOD1G93AGrm5-/- vs. SOD1G93A mice (Fig. 10A). This 

effect was evident in male SOD1G93AGrm5-/- mice while it was only barely detectable in 

females (Fig. 10B and 10C, respectively). 
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Figure 10. Grip strength meter test in SOD1G93A and SOD1G93AGrm5-/- mice 
The Grip strength meter test was used to determine fore limb muscle strength differences during the 
disease progression between SOD1G93A and SOD1G93AGrm5-/- in male+female (A), male (B) and female 
(C) mice. Animals were tested three days a week starting on day 90. Animal were allowed to grasp the 
pull bar of a motor-aided dynamometer and the maximal fore limb force was recorded. Data are means 
± s.e.m. of 12 SOD1G93A and 9 SOD1G93AGrm5-/- males and of 12 SOD1G93A and 7 SOD1G93AGrm5-/- 
females. *p < 0.05 at least (one-tail Student t test). 
 
 
 

In conclusion, all the behavioural tests show that ablating mGluR5 in SOD1G93A mice 

resulted in a remarkable slowing down of the progression of the ALS phenotype both in 

female and male SOD1G93AGrm5-/- mice. 

 

Motor neurons are preserved in SOD1G93AGrm5-/- mice 

Degeneration of MNs in ventral horns of the spinal cord is a well-documented feature of 

ALS progression (Shaw and Eggett, 2000). MN number was assessed in haematoxylin and 
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eosin-stained lumbar spinal cord sections (L4/L5) of 110 days-old WT, Grm5-/-, SOD1G93A, 

and SOD1G93AGrm5-/- mice. Comparable histological features and MN occurrence were 

observed in WT and Grm5-/- mice. In contrast, SOD1G93A mice showed tissue damage 

associated with severe neuronal loss and SOD1G93AGrm5-/- mice displayed mixed histological 

features (Fig. 11A). The number of MNs in the ventrolateral horn of spinal cord was 48 ± 

1.29, 49.17 ± 1.19, 20.28 ± 1.37 and 28.43 ± 0.99 in WT, Grm5-/-, SOD1G93A, and 

SOD1G93AGrm5-/- mice, respectively (Fig. 11B), indicating that the number of MNs was 

significantly (p<0.01, F(3,8)=139.457) increased in SOD1G93AGrm5-/- double mutant mice at an 

advanced stage of the disease respect to age-matched SOD1G93A mice.   

These results confirm that abolishing mGluR5 in SOD1G93A mice protected MNs which 

is in line with the delay of disease onset, the amelioration of disease progression and the 

augmentation of survival reported above.  

 

 

 

 

 

 

 

 

 
Figure 11. Motor neuron count in spinal cord of WT, SOD1G93A, Grm5-/-, and SOD1G93AGrm5-/- 

mice.  
The number of motor neurons has been assessed in lumbar spinal cord sections of 110 day-old mice after 
staining with haematoxylin and eosin. Motor neurons were selected and counted based on diameters 
greater than 25 µm. Representative photomicrographs of lumbar spinal cord sections (A; scale bar 
100Pm) and quantitative analysis (B) are reported. Data are means ± s.e.m. of 20 sections, from 3 mice 
per group. *p < 0.001 vs. the respective control; #p < 0.01 vs. SOD1G93A mice (One-way ANOVA 
followed by Bonferroni post-hoc tests). 
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Astrogliosis and microgliosis are reduced in SOD1G93AGrm5-/- mice 

Astrocytic and microglial activation are key features of ALS (Rossi et al., 2008; Lasiene 

and Yamanaka, 2011). We investigated the expression of GFAP and IBA-1 as markers for 

reactive astrocytes and microglia, respectively, in WT, Grm5-/-, SOD1G93A, and 

SOD1G93AGrm5-/- mice by immunohistochemistry and Western blot. Figure 12A shows 

representative confocal microscopy images of GFAP expression in the ventral horns of 

lumbar spinal cord slices obtained from the four mouse lines. The quantitative analysis 

showed that the expression of GFAP was comparable between WT and Grm5-/- mice but it 

was significantly higher in SOD1G93A compared to WT mice (p<0.001, F(3,8)=45.513). 

Interestingly, in SOD1G93AGrm5-/- mice, GFAP fluorescence was reduced vs. SOD1G93A mice 

(p<0.01, F(3,8)=45.513) (Fig. 12 B). Comparable results were obtained analyzing the GFAP 

expression in WT, Grm5-/-, SOD1G93A, and SOD1G93AGrm5-/- mice by SDS-PAGE and 

Western blotting. Again GFAP expression was increased in SOD1G93A vs. WT mice (p<0.001, 

F(3,8) = 20.663) and this overexpression was reduced in SOD1G93AGrm5-/- mice (p<0.05, F(3,8) = 

20.663). GFAP expression in SOD1G93AGrm5-/- mice did not differ significantly from control 

Grm5-/- mice. See Figure 12C for a representative immunoblot and Figure 12D for 

quantitative analyses.  
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Figure 12. Astrogliosis in spinal cord from of WT, SOD1G93A, Grm5-/-, and SOD1G93AGrm5-/- mice.  
The expression of GFAP was measured as an index of astrogliosis. GFAP was determined in lumbar 
spinal cord slices by immunofluorescence (IF) and confocal microscopy and in homogenates by SDS-
PAGE and Western blotting (WB) using a mouse anti-GFAP monoclonal antibody. IF representative 
images (A, scale bar 200Pm), IF quantitative analysis (B), WB representative immunoreactive bands 
(C), and WB quantitative analysis (D) are reported. Confocal microscopy data are means ± s.e.m of 3 
independent experiments (3 mice per group). Western blot data are means ± s.e.m of 3 independent 
experiments in triplicate (3 mice per group, 3 loading). *p<0.01 and **p<0.001 vs. the respective 
control; #p < 0.05 and ##p < 0.001 and vs. SOD1G93A mice (One-way ANOVA followed by 
%RQIHUURQL¶V�SRVW-hoc tests). 

 

 

The expression of the reactive microglial marker IBA-1, investigated by confocal 

microscopy, was similar in WT and Grm5-/- mice, and, as expected, it was overexpressed in 

SOD1G93A compared to WT mice (p<0.001 F(3,8) =306.215). IBA-1 overexpression was 

significantly reduced in SOD1G93AGrm5-/- mice (p<0.001 F(3,8) =306.215) (Fig. 13A, 13B). 

Western blot analysis in WT, Grm5-/-, SOD1G93A, and SOD1G93AGrm5-/- homogenates 
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produced comparable results (p<0.001, F(3,8) = 84.391 SOD1G93A vs. WT mice; p<0.001, F(3,8) 

= 20.663 SOD1G93AGrm5-/- vs. SOD1G93A mice; p<0.001, F(3,8) = 20.663 SOD1G93AGrm5-/- vs. 

Grm5-/- mice) (Fig. 13C, 13D).  

We conclude that ablating mGluR5 in SODG93A mice reduced astrocytic and microglial 

activation, possibly creating a more beneficial extracellular milieu for MNs. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Microgliosis in spinal cord from of WT, SOD1G93A, Grm5-/-, and SOD1G93AGrm5-/- mice.  
The expression of IBA-1 was measured as an index of microgliosis. IBA-1 was determined in lumbar 
spinal cord slices by immunofluorescence (IF) and confocal microscopy and in homogenates by SDS-
PAGE and Western blotting (WB), using a goat anti-IBA-1 polyclonal antibody. Representative IF 
images (A, scale bar 200Pm), IF quantitative analysis (B), representative WB immunoreactive bands 
(C), and WB quantitative analysis (D) are reported. Confocal microscopy data are means ± s.e.m of 3 
independent experiments (3 mice per group). Western blot data are means ± s.e.m of 3 independent 
experiments in triplicate (3 mice per group, 3 loading). *p<0.001 vs. the respective controls; #p < 
0.001 vs. SOD1G93A (One-way $129$�IROORZHG�E\�%RQIHUURQL¶V�SRVW-hoc tests). 
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Discussion 

 

A wealth of data supports the view that altered excitatory transmission plays a 

substantial role in neuronal and non-neuronal cell damage in ALS. One major argument is 

represented by the elevation of Glu concentration in plasma and cerebrospinal fluid of animal 

models of the disease and of ALS patients. In previous work, we have demonstrated that these 

excessive extracellular Glu can be supported by abnormal exocytotic and non-exocytotic 

release of the excitatory amino acid, due to plastic changes of the release machinery within 

glutamatergic nerve terminals and glial peri-synaptic processes, in the spinal cord of the 

SOD1G93A mouse model of human ALS (Raiteri et al., 2003, Raiteri et al., 2004; Milanese et 

al., 2010, Milanese et al., 2011; Milanese et al., 2015; Bonifacino et al., 2016) and that 

mGluR1 and mGluR5 play a role in this process. Indeed, activation of presynaptic mGluR1 

and mGluR5 autoreceptors at spinal cord glutamatergic nerve terminals by micro-molar 

concentrations of the mixed mGluR1/5 agonist 3,5-DHPG resulted in the stimulation of Glu 

release in WT mice. The same effect was observed in SOD1G93A mice, although 3,5 DHPG was 

much more potent, since it induced Glu release at nano-molar concentrations. The use of 

selective antagonists and confocal microscopy experiments indicated the involvement of both 

mGluR1 and mGluR5, mGluR5 being preferentially involved in the high potency effects of 

3,5-DHPG (Giribaldi et al., 2013). Our results are in line with previous studies indicating that 

these receptors are implicated in ALS and that they are aberrantly expressed in neuronal and 

glial cells during disease progression (Aronica et al., 2001; Valerio et al., 2002; Anneser et al., 

2004; 5RVVL�HW�DO���������'¶$QWRQL�HW�DO���������0DUWRUDQD�HW�DO�������).  

To further reinforce this hypothesis, we studied the impact of constitutively reducing 

mGluR1 or mGluR5 expression in the SOD1G93A genetic background on the development of 

ALS. Halving the expression of mGluR1 in SOD1G93A mice, by crossing these mice with the 
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mGluR1 heterozygous Grm1crv4/+ mice to obtain double mutant SOD1G93AGrm1crv4/+ mice, 

produced delayed pathology onset and increased survival probability, accompanied by 

improved motor functions. These effects were associated to a better preservation of MNs, 

decreased astrocytic and microglial activation, reduced cytosolic free Ca2+ concentration, and 

regularization of the abnormal Glu release in the spinal cord (Milanese et al., 2014). 

Moreover, decreasing the expression of mGluR5 receptors by 50% in SOD1G93A mice, by 

crossing SOD1G93A with mGluR5 heterozygous Grm5-/+ mice to obtain SOD1G93AGrm5-/+ 

mice, had a positive impact on survival and on the evolution of the disease (Bonifacino et al., 

2017). Intriguingly, the results obtained in SOD1G93AGrm5-/+ mice differ from those 

previously reported in SOD1G93AGrmccrv4/+ mice as disease onset, survival and histological 

and biochemical readouts were significantly ameliorated in mixed male and female 

SOD1G93AGrmccrv4/+ mice, with no evidence of sex differences. On the contrary, only male 

SOD1G93AGrm5-/+ mice performed better than SOD1G93A mice in motor tasks during disease 

progression (Bonifacino et al., 2017). We hypothesized that the possible cause for this 

divergence might be manifold. For instance, halving mGluR1 expression also led to reduction 

of mGluR5 (Milanese et al., 2014), while halving mGluR5 expression did not modify 

mGluR1 (Bonifacino et al., 2016). This asymmetry could highlight the different properties of 

the two receptors, being mGluR1 mainly implicated in motor control (Swanson and Kalivas, 

2000; Nakao et al., 2007) or alter their functional interplay and their ability to hetero-dimerize 

(Musante et al., 2008; Doumazane et al., 2011; Sevastyanova and Kammermeier, 2014). 

Other causes can be attributed to the heterogeneous distribution of mGluR1 and mGluR5 in 

neuronal and non-neuronal cells in the spinal cord and during disease progression (Laslo et 

al., 2003; Anneser et al., 2004) or to the genetic background-dependent gender differences of 

SOD1G93A mice (Pfohl et al., 2015). 
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In this study, we investigated whether a constitutive genetic ablation of Group I 

mGluRs could further improve the positive effects obtained previously with mGluR1 

(Milanese et al., 2014) or mGluR5 (Bonifacino et al., 2017) heterozygous mice. 

Unfortunately, the SOD1G93AGrm1crv4/crv4 double mutants, knockout for mGluR1, showed a 

very negative phenotype characterized by serious ataxic symptoms, that were also present in 

founder Grm1crv4/crv4 mice (Rossi et al., 2013), possibly due to the ablation of this receptor at 

the cerebellar level where it plays a key role in the regulation of motor functions (Swanson 

and Kalivas, 2000; Nakao et al., 2007). To note, ablation mGlu5 receptors ameliorated 

motor coordination also in ataxic Grm1crv4/crv4 mice (Bossi et al., 2018). Therefore, we 

focused our attention on the SOD1G93AGrm5-/- double mutant, knockout for mGluR5, that did 

not show any evident phenotypic alteration.  Grm5-/- mouse phenotype has been mainly 

associated with impaired spatial learning and reduced long-term potentiation in the 

hippocampal CA1-dentate gyrus pathway (Lu et al., 1997). The main in-vivo aspect linked 

to the mGluR5 ablation is represented by schizophrenia-related behavioural changes, 

including deficit of pre-pulse inhibition to a startling stimulus (Brody et al., 2004; Luoni et 

al., 2018). Related to ALS clinical symptoms, it has been recently demonstrated that Grm5-/- 

mice show a normal sensorimotor gating as well as no impairment in motor balance/learning 

(Jew et al., 2013), thus avoiding possible erroneous interpretation of data in the present 

work. 

Abolishing mGluR5 in SOD1G93A mice overall led to a pronounced improvement of 

the clinical scores that relate to disease onset and survival and to the comprehensive battery 

of behavioural tasks analysed during the disease course. As a matter of fact, the data 

obtained show that SOD1G93AGrm5-/- mice not only acted much better than SOD1G93A mice 

in almost all the mentioned tests, but they performed also better than the heterozygous 

SOD1G93AGrm5-/+ mice. Even most important, motor function differences, previously 
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observed between male and female SOD1G93AGrm5-/+ mice (Bonifacino et al., 2017), 

appeared largely overcome in the present work, using SOD1G93AGrm5-/- mice. Although the 

amelioration of symptoms in female SOD1G93AGrm5-/- mice was less pronounced than in 

males, the observed improvements were always significant, except for the Grip strength 

meter.  Supporting this amelioration, we show here that the massive loss of spinal cord MNs 

in the ventral horns of the lumbar spinal cord, a typical hallmark of ALS end stage, was 

partially improved after deleting mGluR5 in the SOD1G93A background.  This observation is 

particularly remarkable considering that the analyses have been performed in mice at an 

advanced stage of the disease.  

It is well known that MN damage in ALS is a non-cell autonomous event (Ilieva et al., 

2009; Lee et al., 2016) and that astrocytes retain a pivotal role in affecting disease 

progression (Yamanaka et al., 2008; Wang et al., 2011) and MN vulnerability to 

excitotoxicity (Van Damme et al., 2007). Moreover, reducing mutated SOD1 expression in 

microglia also produced beneficial effects on disease duration and extended survival in 

SOD1G93A mice (Beers et al., 2006; Boillèe et al., 2006). We observed here a reduction in 

astrogliosis and microgliosis in SOD1G93AGrm5-/- mice, assessed by monitoring GFAP and 

IBA-1 expression, which possibly ameliorates the noxious milieu surrounding MNs, 

protecting MNs from death and also affecting the disease severity.  

Due to the multifactorial features of ALS (Andersen and Al-Chalabi, 2011) and to the 

well-recognized non-cellular autonomous characteristics of the disease (Ilieva et al., 2009; 

Lee et al., 2016), each patient likely represents a unique clinical case that should be treated by 

targeting the appropriate etiological causes. Accordingly, it is a current belief that a successful 

therapy should be multimodal. Targeting Glu transmission in ALS operating at mGluR1 and 

mGluR5 may have the advantage of modifying an up-stream phenomenon, which in turn 

affect many down-stream pathways, mimicking a multi-approach therapy.  
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In conclusion, the present and previous results obtained by constitutively reducing 

mGluR5 expression in SOD1G93A mice, along with the previous evidence obtained targeting 

mGluR1, emphasize the role of Group I mGluRs in ALS and allows us to propose that the 

hyperactivity of these receptors could represent a central mechanism contributing to the ALS 

disease progression. This genetically-based evidence points to the importance of 

understanding whether pharmacological treatments aimed at blocking Group I mGluRs can 

reasonably turn out to be effective in counteracting ALS.  
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