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In a recent paper published 2020 in Cerebral Cortex, the 
group of Heiko Luhmann offered exciting new insights into 
the neurophysiological underpinnings of neurodevelopmen-
tal disorders, which exhibit seizures and autistic behavior 
as clinical hallmarks [1]. In that study, they used a mouse 
model of tuberous sclerosis complex (TSC), an autosomal or 
sporadic multisystem disorder with pronounced neuropsy-
chiatric manifestations, including epilepsy, autism, and intel-
lectual deficits [5]. Importantly, the human disease pheno-
type is well reproduced in TSC mouse models [4, 8]. On the 
molecular level, the TSC-associated brain symptomatology 
results from loss-of-function mutations in either TSC1 or 
TSC2, which encode the mTOR complex 1 (mTORC1)-
inhibiting proteins TSC1 (hamartin) and TSC2 (tuberin), 
respectively [5]. How aberrant mTORC1 signaling alters 
neuronal activity in a fashion that gives rise to seizures and 
impaired social behavior is not well understood.

Previous work from the group of Bernardo Sabatini in 
another mouse model of TSC showed that synaptic inhibi-
tion of hippocampal pyramidal cells is diminished through 
a postsynaptic mechanism, whereas the strength of gluta-
matergic neurotransmission remained unaffected, pointing 
to an imbalance between excitation (E) and inhibition (I) 
[3]. It is worth noting that disruption of the E/I balance is 
a core pathogenetic concept in neuropsychiatric disorders 
to account for both seizure proneness (neuronal hyperexcit-
ability) and impaired information processing in the autistic 
brain (reduced signal-to-noise) [6, 7, 9]. While being highly 

instructive, the TSC model used by Sabatini’s group was 
somewhat limited from a translational point of view, as it 
was based on a conditional knockout of TSC1 in principal 
forebrain neurons [3]. By contrast, all TSC patients are obli-
gate heterozygotes, and the pathogenic mutation (in each cell 
of the body) involves much more often TCS2 than TSC1 [5].

Consequently, the Luhmann lab explored a mouse model 
with haploinsufficiency of TSC2  (Tsc2+/− mice) and, with 
their interest in autism spectrum disorders, focused their 
electrophysiological interrogation on acute brain slices 
of the medial prefrontal cortex (mPFC) [1]. Most impor-
tantly, they showed that mPFC hyperexcitability in the 
mutant preparation was causally linked to diminished tonic 
inhibition through postsynaptic  GABAB receptors [1]. An 
intriguing finding from that study was the observation that 
the frequency of miniature excitatory postsynaptic poten-
tials (mEPSCs), which was increased in mutant mice when 
compared to their wild type (wt) controls, was counterbal-
anced by a delayed increase in the frequency of miniature 
inhibitory postsynaptic potentials (mIPSC), so that the syn-
aptic E/I ratio, which was biased towards excitation at earlier 
postnatal stages, was normalized and became comparable to 
that of the wt preparation as the mice approached the end of 
the first postnatal month.

In the paper published in this issue of Pflügers Archiv—
European Journal of Physiology, Bassetti, who was also lead 
author on the preceding paper, and his colleagues elabo-
rate on their earlier findings with a particular emphasis on 
how pharmacological activation (with baclofen) or inhibi-
tion (with CGP55485) of presynaptic  GABAB receptors 
affects the frequency of miniature and spontaneous EPSCs 
and IPSCs in layer 2/3 pyramidal cells of the mPFC of 
 Tsc2+/− and wt mice 25–40 days old [2]. With respect to 
mEPSC frequency, reduction and increase with baclofen and 
CGP, respectively, were not significantly different between 
the two groups. By contrast, CGP failed to increase mIPSC 
frequency in  Tsc2+/−, but not in wt slices, suggesting that 
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 GABAB autoreceptors on GABAergic terminals are not toni-
cally activated by ambient GABA in the mutant preparation.

In further experiments on evoked IPSCs and spontaneous 
EPSCs and IPSCs, the authors found that GABAergic terminals 
in mutant slices responded more sensitive to baclofen than those 
in control slices, thereby shifting the E/I ratio towards excita-
tion in the former, whereas this parameter was hardly affected 
in the latter. The resulting net excitatory effect of baclofen on 
prefrontal neurons sends a note of caution when considering 
 GABAB receptor activation as a treatment option for neural 
hyperexcitability in neurodevelopmental disorders. In summary, 
Bassetti and colleagues have introduced a novel and unexpected 
pathophysiological mechanism that substantially furthers our 
understanding of the complex cellular and circuit alterations in 
a mouse model of TSC.
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