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Aggression is a highly evolutionarily adaptive behavior that
is critical for survival and reproduction, and therefore,
strongly ethologically conserved across species. However,
due to environmental or biological processes, aggressive
behavior can transition from adaptive to maladaptive. This
transition is associated with detrimental outcomes for both
the individual exhibiting the behavior and their victims.
Within the United States, an estimated 2.7 million indivi-
duals over the age of 12 report experiencing one or more
violent victimizations annually (Truman and Morgan, 2016),
and ~ 70% of victims of serious violence experience ongoing
socio-emotional problems as a direct result (Langton and
Truman, 2014). Because of the marked impact violence has
on societal health and well-being, there have been efforts to
identify the underlying risk factors associated with the
development of abnormal aggression. Longitudinal prospec-
tive population-based studies have consistently associated
future violence and crime with early-life adversities such as
abuse or neglect. Strikingly, early-life neglect is one of the
most damaging predisposing factors, even more so than
inter-personal violence and physical or sexual abuse (Gilbert
et al, 2009).
Analogous to human behavior, aggression in rodent

models is typically assessed as either species-typical or
atypical abnormal (escalated) aggression (Miczek et al, 2013).
When adaptive, rodent aggression most often occurs within
the contexts of competing for essential resources or
defending territory and offspring. Such species-typical
aggressive behaviors are highly stereotyped, generally con-
sisting of non- or low-injurious bites directed at an intruder’s
back and flanks that cease when an intruder displays
submissive signals. Conversely, escalated aggression is

defined by prolonged, frequent injurious bites aimed at
vulnerable body parts such as the head, throat, paws, and
underbelly (Miczek et al, 2013). Previously, Toth et al (2008)
reported that prolonged post-weaning early-life social
isolation in rats’ results in escalated aggressive behavior
against intruders. Importantly, this social isolation occurs
during a critical juvenile developmental window, a period
characterized by heightened neural plasticity and represent-
ing a critical period for the programming effects of social
behavior on the brain (Tzanoulinou and Sandi, 2017).
Therefore, prolonged post-weaning social isolation in
rodents is proposed to model components of social neglect
in humans.
In this issue of Neuropsychopharmacology, Mikics et al

(2017) tested whether a combinatorial strategy, using both
behavioral re-socialization and pharmacological manipula-
tion to reactivate critical window-like plasticity, will decrease
abnormal aggression following social isolation. Specifically,
they proposed that fluoxetine, an anti-depressant that has
been shown to reactivate critical period like plasticity within
the amygdala (Karpova et al, 2011), would synergistically
reactivate plasticity for social learning and allow re-
socialization to exert restorative anti-aggressive effects.
As previously reported, escalated aggression was observed

in rats subjected to prolonged early-life social isolation, but
not to socially reared rats. While neither re-socialization nor
fluoxetine alone were effective, the combination of both
approaches decreased escalated aggressive behavior. On the
basis of previous studies implicating the reinitialization of
critical window-like plasticity by fluoxetine on brain-derived
neurotrophic (BDNF) factor signaling, the authors per-
formed targeted transcriptional profiling of BDNF tran-
scripts in aggression-related brain regions. Social isolation
decreased BDNF transcript in all regions assayed, but was
only rescued in the infralimbic region of the medial
prefrontal cortex (mPFC) following both co-administration
of re-socialization and fluoxetine, but not either indepen-
dently. In contrast, chronic fluoxetine, but not re-
socialization itself, decreased methylation on the promotor
region of BDNF exon 4 within in mPFC. In addition,
pharmacological inhibition of the BDNF receptor, TrkB, in
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mPFC abolished the effect of combinatorial re-socialization
and fluoxetine treatment on escalated aggression, while
pharmacological activation of TrkB signaling combined with
re-socialization successfully suppressed abnormal aggression.
Together, these data suggest that TrkB activation in mPFC
mimics the effect of chronic fluoxetine treatment, allowing
for increased plasticity and re-learning of species-typical
social behavior.
These findings represent a significant advance to our

understanding of how social neglect influences the onset of
abnormal aggression, and more importantly, point to a novel
therapeutic strategy for treatment. Clinically, the effects of
anti-depressant treatments on aggressive behavior have been
controversial and variable. Some studies showed a reduction
of aggression, while others find no effect or even increased
aggression following chronic fluoxetine treatment (Sharma
et al, 2016). Similarly, behavioral therapies based on
enhanced socialization show, at best, a modest effect on
aggression in individuals who were exposed to early-life
adversities (Currie and Startup, 2012). Mikics et al (2017)
proposed that aggression treatment should include both
approaches for greatest efficacy. Illustratively, in adult mice
social isolation models, fluoxetine treatment can effectively
reduce the duration of aggressive behavior, while the current
data demonstrate that early-life social isolation is insensitive
to fluoxetine or re-socialization when administered sepa-
rately. This exemplifies that early-life social isolation is more
deleterious and requires more complex treatments.
In sum, the findings of Mikics et al (2017) have

translational potential and will hopefully instigate mechan-
istic studies that emphasize the importance of combinatorial
approaches to the treatment of complex social behaviors.
Additional research is now required to better understand the
downstream effectors of BDNF signaling in mFPC following
early-life adversity. Surprisingly, a short-term pharmacolo-
gical administration of either a TrkB activator or inhibitor
was sufficient to modulate the effect of re-socialization. A
question for future research is the mechanism underlying
such a fast action and whether this treatment causes
plasticity within the local microcircuit or through re-wiring
of mPFC afferent projections from other brain regions such
as the ventral hippocampus (vHPC). The authors conclude
their manuscript with the exciting finding that combinatorial
therapy increased the number of vHPC neurons projecting to
the mPFC. Future functional studies are necessary to
determine whether this projection is a candidate for
therapeutic investigation.
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