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BACKGROUND 

 

Autism spectrum disorders (ASDs) constitute a heterogeneous group of neurodevelopmental 

conditions diagnosed by social impairments, repetitive/stereotyped behaviors and communication 

deficits1,2. Although several studies have suggested a role for the reward system in ASDs, a better 

understanding of synaptic function in the neuronal circuits controlling social behavior and how such 

circuits are affected in ASDs are required. Reward system originates in the ventral tegmental area 

(VTA) where Dopamine (DA) neurons project to the Nucleus Accumbens and the Prefrontal Cortex. 

Excitatory inputs onto DA neurons of the VTA play a critical role in modulating the activity of DA 

neurons and the consequent release in target areas. A necessary condition for any type of synaptic 

plasticity is the appropriate composition and function of neuronal circuits and synapses. Although 

many of the events that contribute to synaptic formation are prenatal, after birth the brain enters 

a period of high plasticity and remodeling during which experiences can contribute to shape brain 

function. Excitatory transmission plays a critical role in synaptic refinement, in the formation of 

neuronal circuits and can also induce persistent alterations in behaviors during this early 

developmental period, termed the critical period. The host lab has recently shown that in the 
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mesolimbic system the glutamatergic transmission onto DA neurons of the VTA undergoes changes 

within the first three postnatal weeks3. In particular, the activation of metabotropic Glutamate 

Receptor 1 (mGluR1) during the initial postnatal weeks is necessary to promote the exchange of 

GluA2-lacking to GluA2-containing AMPA receptors and to support the proper maturation of the 

glutamatergic transmission onto DA neurons in the VTA. The layout of the glutamatergic synapses 

is orchestrated by different scaffolding proteins and among them, SHANK3 has been related with 

genetic form of ASDs4. SHANK3 is a synaptic protein that can interact both with ionotropic and 

matabotropic glutamate receptors through different domains5. The postnatal downregulation of 

SHANK3 in the VTA impairs the maturation of excitatory synapses onto DA neurons, alterating the 

AMPA-NMDA ratio and AMPA subunit composition occluding the exchange of GluA2-lacking to 

GluA2-containg AMAP receptors. It has been well demonstrated that the pharmacological activation 

of mGluR1 on DA neurons promotes the switch from GluA2-lacking to GluA2-containg AMAPRs, and 

the host lab has recently showed that the administration of positive allosteric modulator of mGluR1 

(PAM-mGluR1) during the critical period (P5-P20) normalizes the maturation deficit induced by 

SHANK3 insufficiency6. These results pointed out that mGluR1 activation in VTA DA neurons during 

the early postnatal period has an essential determinant of postnatal development, which may be 

deficient in certain forms of ASDs.  

Here I tested if the activation of mGluR1 in the juvenile period (P24-P40) could rescue the alteration 

of the maturation of excitatory synapses onto SHANK3 downregulated DA neurons, as it did when 

is injected during critical period. 

 

METHODS 

 

The study was conducted with wild-type C57Bl/6j (WT) male and female mice housed in groups 

under a normal light–dark cycle. All the physiology and experiments were performed during the 

light cycle. 

Injections of purified AAV-shShank3, AAV-scrShank3 were performed in mice from P2 to P5. 

Anesthesia was induced and maintained with a mixture of oxygen and isoflurane, the animals were 

then placed on the stereotaxic frame and a single injection was made over the VTA using these 

stereotaxic coordinates: ML 0.15 mm, AP 0.1 mm, DV −3.8 mm from lambda. The virus was injected 

with graduated pipettes at the rate of 100 nl/min for a total volume of 50 nL. 

Horizontal midbrain slices 200–250 μm thick containing VTA were prepared following the 

experimental injection protocols described in the text. Slices were kept in artificial cerebrospinal 

fluid containing 119 mM NaCl, 2.5 mM KCl, 1.3 mM MgCl2, 2.5 mM CaCl2, 1.0 mM NaH2PO4, 26.2 
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mM NaHCO3 and 11 mM glucose, bubbled with 95% O2 and 5% CO2. Whole-cell voltage-clamp 

recording techniques were used (30–32 °C, 2–3 ml min−1, submerged slices) to measure the holding 

currents and synaptic responses of VTA neurons, with recordings made medially to the medial 

terminal nucleus of the accessory optic tract (MT).  Recordings were performed from uninfected, 

shShank3-infected and scrShank3-infected cells (identified by the expression of the green reporter 

protein). The PAM-mGluR1 was administered systemically (4 mg per kg, intraperitoneal injections) 

once daily starting from P24 until 24 h before ex vivo electrophysiological recordings performed 

between P40 and P60. 

 

 

RESULTS 

 

Whole cell in vitro patch clamp recordings from shShank3- or scrShank3-infected cells were 

performed and excitatory postsynaptic currents (EPSCs) pharmacologically isolated. As show in 

figure, putative DA neurons infected with shShank3 exhibited a higher AMPA-to-NMDA ratio 

(AMPA/NMDA) compared to uninfected neurons. 

To analyze the AMPAR subunit composition, AMPAR-mediated EPSCs were pharmacologically 

isolated and the rectification index (RI) was calculated as the slope of the line between current 

measured at negative and reversal potentials divided by the corresponding slope measured at 

positive potentials7. As expected, an increase in RI was observed in shShank3-infected putative DA 

neurons compared to uninfected putative DA cells. On the contrary, the administration of PAM (Ro) 

later on the critical period (P24-P40) was not able to rescue the RI and or AMP/NMDA ratio. 
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CONLUSION 

 

These preliminary data indicate that the injection of the PAM later on the critical period, does not 

rescue the synaptic deficits induced by the postnatal downregulation of SHANK3 in the VTA.  

The activation of mGluR1 during the postnatal development drives synaptic maturation by 

exchacing GluA2-lacking for GluA2-containg AMPARs, and this is necessary for DA neuron function 

in adulthood. The strong association between SHANK3 expression and mGluR1 activation in the 

critical period highlight the importance of mGluR1 signalling pathway that serve to guarantee the 

synapse functionality. As reported, SHANK3 deficiency can alterate the synaptic maturation and 

boosting mGluR1 signalling during the critical period can drives the exchange of immature for 

mature receptors on VTA DA neurons6. Here I reported that the activation of mGluR1 after the 

critical period has not the same effects suggesting that mGluR1 signalling pathway acts in a specific 

time window ensuring the synapse maturation. Different developmental transcriptional programs 

and pathways can be activated during the postnatal maturation and the downregulation of SHANK3 

differently affects these mechanisms. The identification of the transcriptional pathways during the 

postnatal maturation in DA neurons of the VTA will be the next step to understand the crosstalk 

between mGluR1-SHANK3 and AMPARs.  
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