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Safety signals are learned cues that predict the nonoccurrence of an aversive event. As such, safety signals are potent inhibitors of fear and
stress responses. Investigations of safety signal learning have increased over the last few years due in part to the finding that traumatized
persons are unable to use safety cues to inhibit fear, making it a clinically relevant phenotype. The goal of this review is to present recent
advances relating to the neural and behavioral mechanisms of safety learning, and expression in rodents, nonhuman primates, and
humans.

Introduction
Despite numerous advances, the pathophysiology of post-
traumatic stress disorder (PTSD) is not sufficiently understood
and current treatments are not always therapeutic. A hallmark
feature of PTSD is the heightened expression of fear or anxiety in
environments where it is not appropriate. This symptom has
been conceptualized as a generalization of the fear conditioned
during the traumatic experience that becomes resistant to extinc-
tion (Rauch et al., 2006). While this model has significant empir-
ical support, emerging evidence suggests that in addition to
extinction learning, safety learning is impaired (Jovanovic et al.,
2012a). As opposed to danger learning where a cue is paired with
aversive stimulation, safety learning involves associating distinct
environmental stimuli (safety signals) with the nonoccurrence of
aversive events. This is distinguishable from the phenomenon of
fear extinction. During extinction, the danger cue is presented
without aversive reinforcement and over time a new association
forms that the cue predicts the absence of the aversive event.
Thus, the extinction learning introduces a new memory that
competes with the original danger association, which results in
the inhibition of fear (Bouton, 2004). In contrast, learned safety
signals inhibit fear responses to cues that are normally still paired

with an aversive event when the safety signal is not present. As
such, safety signals are only learned when the subject expects
danger but it does not occur. More fundamental to the clinical
importance of safety learning, the distinction between safe and
dangerous circumstances is critical to survival in all animals, and
it is this process that is impaired in PTSD. Thus, identifying the
mechanisms of safety learning represents a significant goal for
basic neuroscience that should inform future prevention and
treatment of PTSD and other anxiety disorders.

A “safety signal” is a specific class of conditioned inhibitor; as
a result of pavlovian conditioning, it prevents or reduces the
expression of fearful behaviors normally observed in the presence
of an excitatory conditioned stimulus (CS) that had been paired
with aversive unconditioned stimuli (USs). Thus, the first re-
quirement for a safety signal is that it must come to inhibit the
conditioned fear response as a result of learning—stimuli that
interfere with conditioned responses without training are called
external inhibitors. In fact, many of the stimuli commonly used
in fear-conditioning experiments may act as external inhibitors
to fear responses such as startle and freezing (Myers and Davis
2004). For example, in one of our laboratories white noise was
found to reduce behavioral freezing to a danger CS without prior
conditioning (J. Christianson, unpublished observations). A
stimulus intended for inhibitory conditioning should be ex-
cluded from a safety-learning protocol if evidence for external
inhibition is found.

Safety signals have been trained in numerous procedures (Fig.
1). The critical procedure for observing fear inhibition by a safety
signal is called a “summation test” and was first demonstrated by
Hammond (1967). The example in Figure 1 is the result of
A�/B� training in which A trials concluded with a mild foot-
shock and B trials did not. The predicted result is that cue A
becomes a danger CS and cue B becomes a safety signal. Summa-
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tion tests involve presentations of the putative safety signal in
compound with a conditioned excitor. After A�/B� training, a
significant reduction in behavioral freezing during AB is seen.
Once learned, it is difficult to retrain a safety signal as a danger CS.
Evidence for this phenomenon occurs after the safety signal is
paired with the aversive stimulus (Rescorla, 1969b). Upon later
presentation of the safety signal, less conditioned fear is observed
compared with that equally conditioned to a novel CS. Rescorla
(1969b) described this as a “retardation” test because the obser-
vation is that new learning to the conditioned inhibitor appears
to be delayed.

Pavlov (1927) and Konorski (1948) made early and significant
experimental and theoretical contributions to conditioned inhi-
bition. Later, a paper by Rescorla (1969b) identified the boundary
conditions for establishing a conditioned inhibitor that have
shaped modern behavioral and neuroscience research. The au-
thors point interested readers to the aforementioned seminal
works and a volume by Miller and Spear (1985) that discuss the
nuances of conditioned inhibition. This review aims to introduce
a broad audience to recent advances concerning the conditions
under which safety signals are learned and used in rodent, non-
human primate, and human subjects. Here we highlight the novel
contributions of the investigators who participated in a Mini-
Symposium panel titled “Inhibition of Fear by Learned Safety
Signals” at the Annual Meeting of the Society for Neuroscience, as
well as the noteworthy discoveries of others.

Neural circuitry of safety signals
Considering that information about safety is only relevant when
one anticipates danger, knowledge about the circuitry of danger
is a prerequisite to understanding safety. Fearful behaviors such
as enhanced startle, behavioral freezing, social avoidance, and
autonomic arousal are the product of a well understood neural
circuit. When presented with a US, such as a footshock, thalamic
neurons transmit sensory information regarding the US and co-
occurring environmental stimuli to the lateral amygdala (LA)
where plasticity occurs, thereby linking the US with environmen-
tal stimuli that now predict danger. A series of excitatory relays
from the lateral to the basal amygdala (BA) and then to the central
nucleus of the amygdala (CeA) mediate the expression of fearful
behaviors. This is an oversimplified schema (for excellent re-
views, see Kim and Jung, 2006; Tronson et al., 2012), but it nev-
ertheless captures a wealth of data. The majority of research
focused on neural mechanisms of safety learning has centered on

Figure 1. Examples of safety-learning procedures and tests. Top, Among the many proce-
dures used to condition a safety signal, most are related to the A�/AB�, backward-
conditioned, or A�/B� (discrimination training) designs. A�/AB� conditioning (Rogan et
al., 2005; Ostroff et al., 2010) involves separating the aversive cue from the putative safety
signal in time by either clustering footshocks together (as shown) or interspersing safety signals
between shocks with long intershock intervals. In a common experiment, the A cue is the

4

conditioning context and the B cue is a discrete stimulus (light or sound). In backward condi-
tioning, the safety signal occurs just after termination of shock and so predicts the intershock
period (Christianson et al., 2008). In A�/B� conditioning, trials are presented in which a
discrete cue A is always followed by shock and a discrete cue B is not. In A�/B�, the context
provides some expectation of shock during the B trials. Often a third cue (X) is added to both
types of trials to transfer some expectation of fear to the B trials (Myers and Davis, 2004).
Middle, Rats were trained on A�/B� (15 trials of each type) daily for 4 d. Twenty-four hours
after training, rats returned to the training context and behavioral freezing was observed over 3
min. The first minute served as a baseline (gray bars); in the second minute the A cue was
presented (red bars), and in the third minute the B cue was superimposed upon A (green and red
hashed bars). Over some days, the B cue becomes a safety signal and inhibits freezing in the
presence of A. Bottom, After 4 d of A�/B� training, rats were then given 2 shock pairings of
either the safety signal (B) or a novel cue. In a fear recall test 24 h later (baseline freezing in gray
bars), greater fear was observed to the novel cue (purple bar) than to the safety signal (green
bar), indicating that safety training slowed new fear acquisition (example results are from J.P.
Christianson, unpublished data). These data are intended to provide an instructive example for
readers unfamiliar with safety signal procedures, and our laboratories have used all of these
approaches to identify the neural mechanisms of safety learning.
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a simple hypothesis: safety signals must inhibit the output of the
amygdala (for exceptions, see Weirtelak et al., 1992; Watkins et
al., 1998). Amygdala neurons in the fear circuit are under the
inhibitory control of local GABAergic interneurons (Ehrlich et
al., 2009), the medial intercalated neurons (Amano et al., 2010),
and the infralimbic ventromedial prefrontal cortex (vmPFC)
(Milad and Quirk, 2002). In addition to these known inhibitory
circuits, the amygdala receives input from most cortical regions,
hippocampus, striatum, and brainstem nuclei (Sah et al., 2003);
thus, several putative pathways may contribute to safety signal
processing.

Modern studies of safety learning using lesion and pharmaco-
logical manipulations offer a litany of brain structures deemed
insufficient to affect safety learning. A significant effort made by
the laboratory of Michael Davis and his students led to reports of
null effects in nucleus accumbens (Josselyn et al., 2005), CeA
(Falls and Davis, 1995), vmPFC (Gewirtz et al., 1997; Christian-
son et al., 2008), hippocampus (Heldt et al., 2002), and perirhinal
cortex (Falls et al., 1997). None of these manipulations were suf-
ficient to impair safety signaling. However, lesions to the auditory
thalamus and superior colliculus, sensory inputs to the LA, did
disrupt conditioned inhibition of fear (Waddell et al., 2003; Heldt
and Falls, 2006).

The LA receives direct inputs from auditory areas that process
stimuli commonly used to train fear and safety associations. As
the animal learns to associate new meanings with these stimuli,
changes in these inputs can be studied. Rogan et al. (2005) re-
corded synaptic responses to an auditory tone in the LA of awake,
behaving mice. As had been seen previously, tone-evoked re-
sponses were enhanced when animals were fear conditioned to
the tone (Rogan et al., 1997). Interestingly, these responses weak-
ened when the tone was trained as a safety signal. These data
indicate that a safety signal may not only inhibit the output of the
amygdala complex, but also reduce a sensory cue’s ability to ex-
cite the LA. This could explain the delay in acquiring a fear asso-
ciation to a previously established safety signal, as the relevant
inputs must be increased from below baseline. Another compar-
ison of LA synapses after fear or safety training found that synapse
size increased with fear conditioning and decreased with safety
conditioning (Ostroff et al., 2010). Interestingly, while there was
additional evidence of changes in synapse morphology and den-
sity with fear conditioning (Ostroff et al., 2012), only reduced
synapse size was seen with safety conditioning.

Simply reducing the potential of a stimulus to excite fear
responses is not sufficient to establish a safety signal. It is
therefore unlikely that weakening of LA synapses is the central
mechanism of safety signal learning (although strengthening
of LA synapses is undoubtedly a central mechanism of fear
conditioning). In addition to recording in the LA, Rogan et al.
(2005) also recorded tone-evoked synaptic responses in the
striatum. Here, responses were enhanced with safety condi-
tioning and weakened with fear conditioning. This indicates
that the safety signal excites a region associated with approach
and reward, providing it with an activating function that may
be involved in switching behavior from defensive avoidance to
approach when the safety signal is provided.

Safety signals possess rewarding qualities (discussed in detail
below), and this led Pollak et al. (2008) to test whether safety
training would act as a behavioral “antidepressant.” Indeed,
safety training led to changes in forced swimming behaviors and
anhedonia that occur with chronic fluoxetine treatment. As with
chronic fluoxetine, safety training increased neurogenesis in the
dentate gyrus of the hippocampus and x-irradiation, a treatment

that prevents neurogenesis, prevented the antidepressant-like ef-
fects of safety training. Important to the discussion of safety sig-
nal mechanisms, the data of Pollak et al. (2008) imply that the
hippocampus contributes to safety signal processing; however,
additional studies will be required to determine whether its role is
in learning or in regulation of emotion.

As safety signals are potent inhibitors of fear, there exists a
hypothesis that safety signals can mitigate the consequences of
intermittent stressors (Weiss, 1971; Mineka et al., 1984). In fact,
providing a safety signal during an intermittent shock stressor
significantly attenuated (1) the behavioral freezing response dur-
ing the stressor; (2) the induction of Fos protein in the LA, pos-
terior BA, and bed nucleus of the stria terminalis (Christianson et
al., 2011); and (3) the long-term anxiogenic effect of the stressor
(Christianson et al., 2008). Since lesions to the amygdala com-
pletely abolish the consequences of intermittent shock stress
(Maier et al., 1993), cortical structures projecting to the amygdala
nuclei were considered candidates for these safety signal effects.
The posterior insular cortex (IC) receives multimodal somato-
sensory input (Nieuwenhuys, 2012), exhibits convergent re-
sponses to simultaneous multisensory stimulation (Rodgers et
al., 2008), and projects to the amygdala (McDonald et al., 1999).
These characteristics led Christianson et al. (2008, 2011) to hy-
pothesize that the IC would be involved in learned safety. Indeed,
both excitotoxic lesions (Christianson et al., 2008) and reversible
pharmacological lesions (Christianson et al., 2011) completely
abolished the stress-mitigating effect of the safety signal. This
discovery added an important new candidate structure involved
in emotional regulation. Importantly, the IC is a site of functional
and structural abnormalities in anxiety and PTSD (Paulus and
Stein, 2006; Hughes and Shin, 2011).

Safety signal learning in human and nonhuman primates
An advantage of focusing on fear inhibition by safety signals is
that the known neurobiology of fear provides the necessary
groundwork to understand fear-related mental disorders. Exces-
sive fear and anxiety, along with an inability to overcome these
emotions, are some of the defining characteristics of many anxi-
ety disorders, such as phobias, panic disorder, and PTSD. Over-
generalization of trauma-related stimuli or situations (i.e., an
impaired ability to discriminate between danger and safety cues
(Jovanovic et al., 2009, 2010) can lead to hypervigilance and ex-
aggerated physiological responses that are part of the PTSD clin-
ical presentation. For example, combat veterans with PTSD may
not be able to suppress fear in response to a previously learned
fearful cue (e.g., helicopter sound), even when surrounded by
many safety signals (e.g., a different time and place from the
combat zone).

Laboratory paradigms that specifically test safety signal pro-
cessing offer an objective assessment of the clinical impairment
that does not rely solely on the patient’s self-report of symptoms.
Jovanovic et al. (2005) have translated a conditional discrimina-
tion procedure (AX�/BX�) based on a rodent model (Fig. 2) in
which healthy individuals readily acquire excitatory associations
with cue A when paired with X, whereas B paired with X becomes
a safety signal. Safety signal learning is tested by pairing A with B
on summation test trials, which show a decreased fear response
compared with AX (Fig. 2). Jovanovic et al. (2009, 2010) have
used this paradigm in PTSD patients from combat (Jovanovic et
al. 2009) and civilian populations (Jovanovic et al., 2010), and
both demonstrate impaired fear inhibition; Figure 2 shows data
from both PTSD samples combined. Importantly, this phenom-
enon is unique to trauma-related disorders and is not seen in
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comorbid mental illnesses such as depression (Jovanovic et al.,
2010). In PTSD patients, safety signal deficiencies may appear as
early as 30 d and as late as 10� years after trauma exposure,
indicating that it is a persistent biomarker of psychopathology
(Jovanovic et al., 2012b). The underlying neurobiological mech-
anisms for impaired safety signal processing in PTSD may involve
an interaction between hyperactivity of the amygdala and im-
paired top-down emotional control by the vmPFC (Rauch et al.,
2006). Hypoactivity and structural differences in the vmPFC are
consistently observed in PTSD populations (Corbo et al., 2005;
Etkin and Wager, 2007; Hughes and Shin, 2011). Thus, the
vmPFC is hypothesized to be a site of pathophysiology in PTSD
and may contribute to impairments in safety signal use.

As noted above, lesions to vmPFC in rat do not interfere with
safety signals (Gewirtz et al., 1997; Christianson et al., 2008),
weakening the vmPFC hypothesis. However, translation to the
clinical model is problematic due to structural differences be-
tween the rodent and human frontal cortex (for comparison, see
Ongür and Price, 2000). In contrast to rodents, rhesus macaques
share similar frontal cortices to humans, making them indispens-
able translational models. In the nonhuman primate version of
the AX�/BX� fear-potentiated startle paradigm (Winslow et al.,
2008), monkeys first learn to discriminate conditioned cues pre-
dicting an aversive puff of air (AX) from conditioned cues signal-
ing safety (BX), and are then presented with the AB summation
test. Similar to healthy rodents and humans, monkeys discrimi-
nate between A and B cues and show an attenuated startle re-
sponse when presented with the AB compound (Fig. 2). After the
summation tests, animals receive extinction trials in which A is
presented without the aversive air puff. This powerful paradigm
allows safety signal learning and fear extinction to be studied
within the same subject.

A developmental lesion study was conducted to examine the
long-term effects of early damage to the amygdala, hippocampus,
or the orbital frontal cortex (Brodmann areas 11 and 13). Sur-
prisingly, safety signal learning and fear extinction were intact
despite early damage to these structures (Kazama et al., 2012).
Presently, we speculate that compensatory mechanisms occurred
across development, which have been reported in other tasks
(Glavis-Bloom et al., 2008). Additionally, although area 13 of the
orbital frontal cortex has been shown to share strong connectivity
with the amygdala (for review, see Barbas, 2007; Price, 2007),
human neuroimaging suggests that medial areas such as Brod-
mann area 14 may be more involved in flexibly modulating fear
(Milad et al., 2009; Schuff et al., 2011). Additionally, neurophys-
iological data from nonhuman primate models suggest that do-
paminergic striatal neurons may provide crucial prediction error
feedback in the presence of safety signals (Matsumoto and Hiko-
saka, 2009). Thus, safety signal processing likely involves multiple
brain areas that have only begun to be examined. Much work
remains but the nonhuman primate AX�/BX� paradigm will
likely permit tremendous advances as a translational tool.

Safety signals as a reinforcer
Safety signals provide relief from fearful states and may rein-
force safety-seeking behavior. The relief experienced during the
presentation of a safety signal may also motivate avoidance be-
havior symptomatic of many anxiety disorders. This possibility is
relevant to anxiety disorders such as obsessive-compulsive disor-
der. For example, patients with obsessional checking rituals have
reported a feeling of relief following the completion of checking
behaviors (Roper et al., 1973). The reinforcing properties of a
conditioned inhibitor of fear can be understood conceptually

Figure 2. Conditional discrimination procedure with human and nonhuman primates. Top,
The AX�/BX� conditioning phase includes presentations of A and X together predicting the
US (airblast is used in the primate studies), while B and X together predict the nonoccurrence of
the US (Myers and Davis, 2004). Bottom, A and B are presented separately and then together
during the post-training summation test; B acts as an inhibitor to reduce fear in the AB com-
pound compared with AX. Intact rhesus macaques were trained on AX�/BX� and show re-
duction in fear on the AB compound (Kazama et al., 2012). Similarly, healthy humans show a
significant reduction of fear to AB relative to A. PTSD subjects discriminated between A and B,
but they did not inhibit startle during AB trials (data were combined from Jovanovic et al., 2010,
2012b).
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when considering the proposal of Konorski (1967) of two oppos-
ing motivational systems that reciprocally inhibit one another, an
aversive system and an appetitive system. He and others (Dick-
inson and Pearce, 1977; Dickinson and Dearing, 1979; Gray
1987) argued that inhibition of the aversive system by a safety
signal should disinhibit the appetitive system and would there-
fore be functionally (or behaviorally) equivalent to a direct exci-
tor of the appetitive system. A. B. P. Fernando, G. P. Urcelay, A. C.
Mar, A. D. Dickinson, and T. W. Robbins (unpublished data)
tested this hypothesis in rats by training a pavlovian conditioned
inhibitor, an auditory stimulus presented in the absence of a mild
footshock in one group, and a pavlovian conditioned appeti-
tive excitor, an auditory stimulus paired with a sucrose pellet
in another group. They hypothesized that if relief functions as
reward, it should support the acquisition of a new behavioral
response with subjects responding purely for the presentation of
the inhibitor in the absence of any footshock (A.B.P. Fernando,
personal communication). The appetitive stimulus preferentially sup-
ported a new instrumental response that was potentiated with
D-amphetamine, whereas the safety signal did not support a new
instrumental response and therefore did not demonstrate reinforc-
ing properties.

Safety signals can also be provided contingent upon perfor-
mance of an escape or avoidance response (Soltysik and Zielinski,
1962; Weisman and Litner, 1966, 1969a,b, 1971; Weisman et al.,
1966; Dinsmoor, 2001). Such stimuli become associated with the
relief from shock and should reinforce the avoidance response.
Rats were trained on an instrumental lever press avoidance task
to see whether an instrumentally trained safety signal would re-
inforce an already acquired avoidance response (A.B.P. Fernando
G. P. Urcelay, A. C. Mar, A. D. Dickinson, and T. W. Robbins,
personal communication). Akin to Rescorla (1969a), rats prefer-
entially responded in a two-lever avoidance task on the lever that
both prevented shock and produced the safety signal. Rats con-
tinued to demonstrate this preferential responding on the lever
producing the safety signal in extinction. Both tests provide clear
evidence that an instrumentally trained safety signal possesses
reinforcing properties. Despite the demonstration of this study
and others that safety signals possess reinforcing properties, there
are clearly multiple lines of information processing associated
with safety signals.

Safety signals alert the organism to when the environment is
safe, thus promoting behaviors leading to natural rewards, such
as feeding and mating, whereas danger signals inhibit these be-
haviors. One example that highlights how these antagonistic mo-
tivational systems can have bidirectional effects on behavior can
be seen in rats that suppress lever pressing for food when a danger
cue is presented but increase lever-pressing for food when a safety
cue is presented (Walasek et al., 1995), demonstrating that safety
signals can promote food-seeking behavior. Interestingly, even
Drosophila display a similar antagonistic avoidance–approach
behavior, showing conditioned avoidance of a danger odor and
conditioned approach to the same odor cue if it signifies safety
(Tanimoto et al., 2004).

Normally, obtaining natural rewards involves activating ex-
ploratory behavior, and several safety-conditioning protocols
have demonstrated increases in exploratory behavior. Safety cues
can increase exploration in an environment that is normally anx-
iogenic to mice, demonstrating that safety cues can take on anxi-
olytic properties and can even be used to condition a place
preference (Rogan et al., 2005; Pollak et al., 2008). Distinguishing
between the fear-inhibiting versus rewarding qualities of a safety
signal is not simple, and the behavioral phenomena suggest over-

lap in the neural circuitry. Sangha et al. (S. Sangha, J. Z. Chadick,
and P. H. Janak, unpublished data) developed a safety signal-
training protocol that allows the parallel investigation of fear,
safety, and reward learning in rats with simultaneous single unit
recordings in the BA of freely behaving rats. As the rats flexibly
switched among freezing, inhibition of freezing, and reward seek-
ing, several populations of neurons emerged. As expected, many
neurons changed (i.e., either increased or decreased) their firing
preferentially to either the danger cue or the reward cue. Impor-
tantly, a population of neurons showed selective responses to the
safety cue. Finally, there was another population of neurons in
the BA that showed a similar change in firing rate in response to
the safety cue and reward cue, implying that there is an overlap of
safety and reward encoding in the BA. These data are the first to
correlate amygdala single-unit activity with safety signals and
behavior in vivo. In addition to Konorski’s 1967 proposal of the
safety signal disinhibiting the appetitive system through its inhi-
bition of the aversive system, the observed overlap in neural en-
coding of safety and reward cues suggests that a safety signal may
directly activate the appetitive system.

Conclusion
Conditioned inhibition of fear is not a new concept to neurosci-
ence; however, it is surprising that in 85 years since Pavlov’s
seminal work very little is known regarding the neural mecha-
nisms underlying this phenomenon. This may come as a surprise
to those familiar with fear conditioning and fear extinction for
which tremendous advances, from the anatomical tracts to the
molecular cascades, have been made. One reason for the disparity
is that there is no standardized approach to train a safety signal,
and the ones typically used are complex and do not lend them-
selves as easily to modern neuroscience approaches as pavlovian
fear conditioning.

As we prepared the Mini-Symposium panel and this article,
our goal was to bring safety learning to a broad audience and
identify the large gaps in our current understanding. Despite the
gaps, however, it is possible to suggest a framework for continued
investigation of safety learning. We have addressed three compo-
nents of safety signal processing: learning, fear inhibition in a
summation test, and rewarding characteristics. First, safety-
learning protocols require learning of a danger CS and then that
a safety stimulus is associated with the nonoccurrence of danger.
Such discrimination might involve generation of an expectation
error signal and subsequent updating of predictive value of the
safety signal. Numerous structures including dorsal striatum,
PFC, periaqueductal gray, and amygdala have been implicated in
expectation errors (Schultz and Dickinson, 2000; Belova et al.,
2007; McNally et al., 2011); therefore, these structures are poten-
tial contributors to safety learning. Second, tests for safety learn-
ing involve flexible behavioral responses that switch as danger
and safety cues are presented to the subject. This process depends
on recall of the learned cues; the putative anatomical loci for
storage of the safety signal are unknown. Behavioral flexibility
depends upon contributions from vmPFC, orbital frontal cortex,
and the striatum (Murray and Izquierdo, 2007; Wolfensteller and
Ruge, 2012). Again, interactions of these structures with the
amygdala would be required to switch behavior from avoid-
ance to approach as danger and safety signals appear in the
environment. Third, safety signals possess rewarding proper-
ties. Like the fear circuitry, reward circuitry is well understood
involving the ventral tegmental area to the nucleus accumbens
dopaminergic circuit (Koob, 1992), and interactions between
these structures and the amygdala are important for goal-
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directed behaviors (Schoenbaum et al., 1998, 2003). Thus,
multiple circuits must interact with the amygdala to acquire,
recall, and use safety signals.

Future studies of safety signal processing must account for the
different roles of the amygdala nuclei and cell populations known
to be involved in both danger and safety learning (Ehrlich et al.,
2009; Ostroff et al., 2010; Christianson et al., 2011). Fortunately,
technologies including in vivo electrophysiology, optogenetics
(Tye et al., 2011), designer receptors exclusively activated by de-
signer drugs (or DREADD) (Dong et al., 2010), and genetic tools
allow for neural observations and manipulations that are both
anatomically and temporally precise—a requirement for dissect-
ing safety from danger. Furthermore, Pollak et al. (2008, 2010a,b)
established a safety learning protocol that is translatable between
mouse models and humans (Pollak et al., 2010a), providing the
field with yet another powerful translational research tool (Pollak
et al., 2010b). Equipped with a modern neuroscience toolkit and
an important clinical correlate, we expect the next 85 years will
welcome many exciting developments in our understanding of
safety signals.
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