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Translational control and autism-like behaviors

Christos G. Gkogkas and Nahum Sonenberg*

Department of Biochemistry and Goodman Cancer Research Centre; McGill University; Montreal, QC Canada

Keywords: translational control, ASD, excitation-inhibition balance, autism-like behaviors, mouse models

Autism spectrum disorders (ASD) consist of a spectrum of
neurodevelopmental diseases with three salient features:
reduced social interactions, impaired communication and
repetitive/stereotyped behaviors. In a recent study we
found that increased elF4E (eukaryotic initiation factor 4E)-
dependent protein synthesis as a result of genetic deletion
of Eif4ebp2 (elF4E-binding protein 2) in mice, stimulates the
production of neuroligins (NIgns, synaptic cell-adhesion
moleculesimportant for synapse regulation) and engenders an
imbalance of excitatory to inhibitory synaptic transmission (E/I)
in CA1 pyramidal neurons. This imbalance is accompanied with
deficits in social interaction, communication and repetitive/
stereotyped behaviors in Eif4ebp2~~ mice. Using a compound
that blocks cap-dependent translation or by knocking down
NlIgn1, we restored the E/l balance and reversed the autism-like
social deficits.

Modeling ASD behaviors using mice has been an extremely
challenging task.! However, several mouse models of ASD “risk-
genes” display autism-like phenotypes in three domains: social
interaction, impaired communication and repetitive/stereotyped
behaviors, accompanied by alterations in the E/I balance of syn-
aptic transmission.”? Moreover, mouse models of fragile-X syn-
drome (FXS) and tuberous sclerosis (TSC) display autism-like
behaviors and altered synaptic plasticity as a result of exagger-
ated protein synthesis.' It has also been hypothesized that several
signaling pathways, including PI3K (phosphoinositide 3-kinase)/
Akt/mTOR (mammalian/mechanistic target of rapamycin) and
ERK (extracellular signal-regulated kinase), which have a com-
mon endpoint of exaggerated translation, are dysregulated in
ASD.!

In our recent study, we examined a mouse model where
cap-dependent translation is elevated as a result of genetic dele-
tion of Eif4ebp2 in mice. The 4E-BP2 protein encoded by this
gene is a master regulator of translation initiation, as it binds to
elF4E and disrupts the formation of the elF4F initiation com-
plex, which consists of: eIF4E, the cap-binding protein; elF4G,
a scaffolding protein that bridges the mRNA to the ribosome;
and elF4A, an RNA helicase."! 4E-BPs repress translation by
competing with elF4G for binding to the convex dorsal surface
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of elF4E."> Genetic removal of the 4E-BP2 “brake” on transla-
tion initiation, allows eIF4E to preferentially translate a subset of
mRNAs."” In the Eif4ebp2~"- mouse brain we identified neuroli-
gins’ and AMPA-glutamate receptor subunits' as el F4E-sensitive
mRNAs. Exaggerated translation of those mRNAs engenders an
imbalance of excitatory to inhibitory synaptic transmission in
CA1 pyramidal neurons of the hippocampus, favoring excitation.
Neuroligins are present in excitatory and inhibitory synapses and
are important for the maintenance of the E/I balance.” Increased
excitatory synaptic transmission was associated with autism-like
phenotypes in the Eif4ebp2~'- mouse: impaired social interaction,
as measured by the three-chamber paradigm and direct social
interaction tests; enhanced isolation induced ultrasonic vocal-
izations in pups; and increased grooming and marble-burying
behavior. Synaptic plasticity and behavioral deficits were reversed
by: (1) an inhibitor of cap-dependent translation, 4EGI-1,'° and
(2) using lentiviruses to deliver short-hairpin RNAs against neu-
roligin 1.

We showed for the first time that increased eIF4E-dependent
translation of neuroligins engenders autism-like behaviors by
perturbing the E/I balance of synaptic transmission and that
in adult mice we can rescue these behavior pharmacologically
and with neuroligin-targeting gene therapy. In a complimentary
study, it was shown that mice overexpressing elF4E display simi-
lar autism-like phenotypes and synaptic pathophysiology in the
medial prefrontal cortex, striatum and hippocampus, while infu-
sion of 4EGI-1 was sufficient to reverse these phenotypes.

elF4E-dependent translation has been shown in various
systems to regulate gene-expression of a subset of all mRNAs,
rather than a non-specific change in global translation rates."”
1 Our study links eIF4E-dependent translation of neuroligins
in the brain with autism-like behaviors in mice, without any
significant changes to the overall translation rates. This mode
of regulation can explain the intricate regulation of synaptic
strength through local translational control of synaptic mRNAs
(Fig. 1).

Thus, there is an emerging important role of eIF4E-depen-
dent translation in the development of autism-like behaviors
in mouse models, which can then be extrapolated to ASD.
Importantly, translational control can be now viewed as a com-
mon endpoint and a unifying explanation for ASD-linked
mutations, CNVs (copy number variations) that affect signaling
pathways upstream of translation, as well as for sporadic forms
of autism (Fig. 1). Therefore, it is essential to identify mRNAs
that are translationally regulated and study the role of transla-
tional control in different brain areas that are implicated in the
development of ASDs.
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Figure 1. A unifying theory for translational control being a common endpoint of familial and sporadic ASD-associated signaling pathways. (A)
Familial or sporadic forms of autism can be linked to signaling pathways that have the translation initiation machinery (translation initiation factors
elF4E/4G) as a common endpoint. (B) Local cap-dependent translation of a subset of synaptic mRNAs affects long-term potentiation (LTP) or long-
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