
useful technique has only begun to be
realized and will surely lead to novel
insights into the complex regulation of
gene expression.
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Pharmacological
Treatments for Autism
Spectrum Disorder: Will
Emerging Approaches
Yield New Treatments?

Advances in modern genetics are
rapidly changing the way we approach
autism spectrum disorder (ASD) and
other complex brain disorders. For
example, massive sequencing efforts
have identified over 50 ‘high confi-
dence’ genes that possess intrinsic
diagnostic and predictive value for
ASD (De Rubeis et al, 2014; Iossifov
et al, 2014). A post hoc analysis reveals

that these genes encode protein pro-
ducts that are primarily localized to
post-synaptic boutons and are involved
in synthesis of synaptic proteins. Pre-
clinical studies have begun to stratify
syndromic forms of autism into groups
defined by varying degrees of excita-
tory/inhibitory imbalance. Impor-
tantly, the phenotypic overlap among
these disorders has provided optimism
that viable therapeutics might emerge
that show efficacy in both monogenetic
and idiopathic ASD populations due to
similarly disrupted signaling pathways.
Perhaps the most well studied po-

tential therapeutic mechanism is that
of metabotropic glutamate receptor 5
(mGlu5) antagonism in fragile X
syndrome (FXS), where genetic and
pharmacological strategies of reducing
mGlu5-dependent protein synthesis
have shown robust preclinical efficacy.
However, the failure of two phase 2
clinical trials has caused many to
question whether the target is viable
(Jacquemont et al, 2014). An alterna-
tive approach is use of the GABAB

receptor agonist arbaclofen, which
normalizes excessive protein synthesis
and excitatory/inhibitory imbalance in
FXS model mice. While a phase 2b
clinical trial failed to achieve its
primary endpoint of treating irritabil-
ity, post hoc analysis with the Aberrant
Behavior Checklist -Social Avoidance
scale, a recently validated scale for the
assessment of FXS, showed a treatment
effect in the full study population. A post
hoc subgroup of 27 subjects with more
severe social impairment also showed
improvements on the Vineland II socia-
lization raw scores and on the Aberrant
Behavior Checklist-Social Avoidance
scale (Jacquemont et al, 2014).
Another ASD treatment strategy that

is gathering momentum is the target-
ing of pleiotropic growth factors. In the
case of Rett syndrome, small molecules
mimicking the effects of brain derived
neurotrophic factor or insulin-like
growth factor 1 (IGF1) have efficacy
in respiratory, cognitive and survival
measures in preclinical studies (Castro
et al, 2014; Kron et al, 2014). In fact, a
recent trial concluded that recombi-
nant human IGF1 improved respira-
tory and behavioral parameters in Rett

syndrome patients, and patients are
currently being recruited for phase 2b
trials (Khwaja et al, 2014). Likewise,
the IGF1 synthetic peptide, NNZ-2566,
normalized spine density, hyperactivity
and synaptic protein synthesis in a
mouse model of FXS, and patients are
currently being enrolled for phase 1
clinical trials (Deacon et al, 2015).
One common thread among these

next generation ASD treatment strate-
gies is that they normalize excitatory/
inhibitory balance, in part, through the
modulation of protein synthesis-
dependent synaptic plasticity. These
novel targets represent new access
points to a pathway of genes disrupted
in ASD patients, which may provide
greater translational value than mGlu5
antagonism. In addition, the recent
failure of mGlu5 modulators in FXS
clinical trials does not invalidate the
target, but rather highlights a need for a
more complete understanding of the
temporal, spatial and mechanistic
subtleties underlying the inability of
preclinical studies to translate to clinical
populations, and the need to carefully
consider patient stratification and ap-
propriate outcome measures. Although
it is too early to predict the ultimate
impact of these advances on treatment
of ASD, a renewed emphasis on these
finer points of therapeutic design,
coupled with the emergence of exciting
new targets, represents important pro-
gress toward effective ASD treatments.
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Nicotine-Targeting
Nano-Vaccines for
Smoking Cessation

Nicotine addiction presents a well-
recognized public health challenge
and, in tobacco users, likely reflects a
complex interplay of neurobehavioral,
genetic, environmental, and social fac-
tors (Benowitz, 2010). This considera-
tion makes it unlikely that any single
medication or behavioral intervention
can serve as a panacea to effectively
reduce smoking behavior across the
general population. It also highlights

the need to optimize multiple treat-
ment strategies that can be flexibly
used, either alone or in combination, to
blunt addiction-related effects of nico-
tine exposure.
Immunotherapeutic strategies (eg,

nicotine vaccines) have been forwarded
as an intriguing alternative or adjunct
treatment approach to the use of
pharmacological agents for smoking
cessation (Pentel and LeSage, 2014).
However, despite encouraging results
early in development, the several con-
jugated nicotine vaccines that have been
tested thus far have been relatively
ineffective in clinical trials—modest
increases in quit rates in smokers with
relatively high levels of nicotine anti-
bodies, and no effect in smokers with
low antibody levels (Hatsukami et al,
2011). Although the reasons for such
outcomes are undoubtedly complex, the
limited positive results suggest that, to
be successful, the immunogen must
induce a sufficiently strong and reliably
uniform nicotine-specific response.
Recent advances in vaccine develop-

ment have led to innovative nano-
vaccines that produce a more consistent
immune response (and, presumably,
improved efficacy), with reduced side
effect liability. For example, the novel
synthetic nano-vaccine SEL-068 has
been reported to dose-dependently
induce high affinity anti-nicotine
antibody titers in both mice and non-
human primates (Fraser et al, 2014). To
further evaluate SEL-068, we conducted
behavioral studies to determine how
nicotine’s discriminative-stimulus ef-
fects, which have been related to its
subjective effects in humans (Smith and
Stolerman, 2009), are modified by
SEL-068 treatment in nicotine-naive
and nicotine-trained monkeys. Results
show that in the absence of other, non-
specific behavioral effects, SEL-068: (a)
effectively prevented the expression of
nicotine’s discriminable effects in nico-
tine-naïve monkeys and (b) produced a
long-term (425 weeks after vaccina-
tion) and substantive reduction (∼6-
fold) in the potency with which nicotine
produced discriminable effects in
nicotine-trained monkeys (Desai and
Bergman, 2015). These are compelling
results and provide the first evidence in

a primate species that nicotine-targeting
nano-vaccines can significantly reduce
stimulus effects of nicotine that likely
contribute to smoking behavior.
A key finding in our experiments was

that SEL-068 was more effective against
nicotine’s discriminable effects in naïve
than nicotine-experienced monkeys.
These findings suggest that the degree
of immunogenicity that is necessary for
successful clinical outcomes may differ
according to the subject’s history of
nicotine exposure. At present, it appears
that nicotine nano-vaccines may be
most useful as a preventative measure
in non-exposed individuals—an ethi-
cally contentious matter—or, perhaps
more realistically, in reducing the risk of
relapse during long-term abstinence in
former tobacco users. Conceivably, an
improved nano-vaccine might produce
an even stronger immune response to
further reduce nicotine’s discriminable
and other addiction-related effects in
nicotine-experienced subjects. Our re-
sults certainly support the continued
development of novel nicotine nano-
vaccines, either as a single approach or
as a key element of a multimodal treat-
ment strategy for smoking cessation.
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