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The paraventricular thalamus (PVT) is as-
sociated with reward-related behaviors,
including learning cue–reward associa-
tions, attributing incentive salience to
stimuli, and performing goal-motivated
behaviors (Haight and Flagel, 2014; Hsu
et al., 2014). Such behavioral associations
are intuitive when considering the PVT’s
afferent connections from the PFC and
lateral hypothalamus and efferent projec-
tions to the NAc, subiculum, and amyg-
dala. Evidence suggests that PFC-PVT
projections modulate reward- and fear-
related behaviors possibly by maintaining
cue– outcome associations. For example,
optogenetic activation of glutamatergic
PFC neurons that project to the PVT
during presentation of reward-associated
cues reduces cue-induced responses down-
stream in the NAc, and this dampens both
cue– outcome learning and cue-induced
approach behaviors while sparing reward-
consumption behaviors (e.g., drinking su-
crose) (Otis et al., 2017). On the other
hand, optogenetic inhibition of PVT-
projecting PFC glutamatergic neurons
during presentation of fear-associated

cues reduces downstream amygdala re-
sponses, which can reduce subsequent
fear retrieval and reduce the expression
of cue-induced avoidance behavior
(e.g., freezing) (Do-Monte et al., 2015).
As opposed to cue-related processing,
GABAergic lateral hypothalamus-PVT
projections appear to be involved with re-
laying information about reward con-
sumption (Otis et al., 2019). These PFC
and lateral hypothalamus inputs converge
in the PVT, which, in turn, sends projec-
tions to other limbic structures. Specifi-
cally, an anterior PVT subregion (aPVT)
projects to the ventral subiculum and dor-
somedial NAc shell, whereas a posterior
subregion (pPVT) projects to the ex-
tended central amygdala and ventrome-
dial NAc shell. Although the functional
distinctions between aPVT and pPVT and
their differential projections remain to be
more fully characterized, emerging evi-
dence suggests that these subregions pro-
cess conflicting types of information
relevant for motivated behaviors (Al-
Hasani et al., 2015). That is, the aPVT ap-
pears to be linked with appetitive and the
pPVT with aversive information process-
ing (Do-Monte et al., 2017). Thus, the
PVT as a whole may play a role in resolv-
ing motivational conflict when an animal
encounters complex real-world situations
eliciting competing approach and avoid-
ance behaviors.

In a recent article in The Journal of
Neuroscience, Choi et al. (2019) examined
functional distinctions between these
PVT subregions during motivational con-
flict. To induce such conflict, the authors
used a Pavlovian counterconditioning
task. In this task, a conditioned stimulus
(CS, tone) was first paired with either an
appetitive (liquid sucrose solution) un-
conditioned stimulus (US) in an appeti-
tive context (house light off, solid floor,
rose odor) or an aversive (electrical foot
shock) US in an aversive context (house
light on, grid floor, peppermint odor). Af-
ter rats learned the first association, the
same CS tone was paired with the US and
context of the opposite valence (i.e.,
appetitive-to-aversive or aversive-to-app-
etitive training). Thus, via training, the CS
acquired conflicting motivational value
(i.e., both appetitive and aversive associa-
tions). During a subsequent testing phase,
each rat received one presentation of the
CS tone in each context (appetitive and
aversive). Ca 2� imaging was used to mea-
sure aPVT and pPVT subregion activity
after CS (tones) and US (sucrose, foot
shock) presentations during appetitive
and aversive training, as well as during ap-
petitive and aversive testing phases.

During the appetitive phase of appetitive-
to-aversive counterconditioning training,
CS tone presentation elicited a significant
(yet variable) aPVT response that was not
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modulated by the number of training ses-
sions encountered. The aPVT was not
responsive to US sucrose-reward con-
sumption. In contrast, pPVT responded
to both CS tone presentation and US re-
ward consumption, and responsivity to
both increased over the course of training.
During the subsequent aversive training
phase, aPVT responded weakly to the CS
tone (reaching significance only late in
training) but responded robustly to US
shock. In contrast, pPVT responded ro-
bustly to both the CS tone and US shock
across all trials. Correlational analyses be-
tween tone-elicited PVT activity and re-
ward–approach behavior identified aPVT
activity as a weak, yet significant, predic-
tor and pPVT activity as a robust predic-
tor of reward approach behavior.

During the aversive phase of aversive-
to-appetitive counterconditioning, aPVT
and pPVT activity patterns were similar to
those described above. But only pPVT
activity was a significant predictor of de-
fensive freezing. In sum, aPVT responses
weredistinctly linkedtoreward–approachbe-
havior, and pPVT responses were linked
to both reward–approach and shock–
avoidance behaviors.

During subsequent testing, approach
and avoidance behaviors differed based
on the counterconditioning paradigm
(i.e., appetitive-to-aversive vs aversive-to-
appetitive). When appetitive training oc-
curred first, rats were more likely to
exhibit CS-induced reward–approach be-
haviors in the appetitive context and to
exhibit more shock–avoidance behaviors
during testing in the aversive context.
Conversely, when aversive training oc-
curred first, there was no evidence for
context-dependent behavioral differences
during testing in either the appetitive or
aversive contexts. Across countercondi-
tioning paradigms, aPVT and pPVT re-
sponded to CS tone presentation in both
the appetitive and aversive contexts, with
no differences in magnitude of these sig-
nals across contexts.

To then provide evidence that PVT ex-
erted a causal influence on behavior during
motivational conflict, Choi et al. (2019)
used a designer receptor exclusively acti-
vated by designer drugs technique to inhibit
either the aPVT or pPVT, or both subre-
gions before testing in each countercondi-
tioning paradigm. Inhibition of the entire
PVT, but not the aPVT or pPVT alone, dis-
rupted reward–approach behaviors and
increased shock–avoidance behaviors in
both counterconditioning paradigms dur-
ing testing. These outcomes suggest that the
combined activity of both PVT subregions

was necessary for context-appropriate ap-
proach and avoidance behavior in the pres-
ence of conflict. To provide confirmatory
evidence of this interpretation, the authors
considered the effect of designer receptor
exclusively activated by designer drugs-
mediated inhibition of the entire PVT on
appetitive and aversive behaviors in the ab-
sence of conflict using a different cohort of
rats. That is, rats were exposed only to aver-
sive or appetitive conditioning (as opposed
to both) before testing. In these expe-
riments, PVT inhibition did not affect
reward–approach or shock–avoidance be-
haviors, implying that motivational conflict
is an important perquisite for PVT-related
influences on behavior.

Together, these results suggest that the
PVT is responsive to cues that predict re-
ward or danger during appetitive and
aversive conditioning and plays a promi-
nent role in an animal’s ability to use
learnedinformationforexecutingcontext-
appropriate behaviors. The authors spec-
ulate that, in the test trials, the differential
PVT responsivity following appetitive and
aversive conditioning along an anterior–
posterior axis is linked with the aPVT’s
and pPVT’s distinct projections to the
dorsomedialandventromedialNAcshells, re-
spectively. This perspective is supported
by evidence indicating that optogenetic
stimulation of dorsomedial NAc shell
elicits approach behaviors (i.e., place pref-
erence) and stimulation of ventromedial
NAc shell elicits avoidance behaviors (i.e.,
dysphoria) (Al-Hasani et al., 2015). Con-
sistent with this observation, a greater
number of neurons in the pPVT (vs
aPVT) send collateral efferents to the lat-
eral and central amygdala, nuclei com-
monly implicated in avoidance behaviors
(Dong et al., 2017).

The results of Choi et al. (2019) further
implicate PVT in regulating behavior dur-
ing motivational conflict. Such behavioral
regulation during conflict potentially stems
from the PVT’s ability to modulate dopa-
mine release in the NAc. Specifically, PVT
electrical stimulation increases extracellu-
lar dopamine levels in the NAc shell, and
activation of the PVT-NAc pathway in-
creases spontaneous DAergic cell firing in
the VTA (Parsons et al., 2007; Perez and
Lodge, 2018). NAc neurons expressing
dopamine receptors have been consis-
tently implicated in attributing incentive
salience to reward cues (Saunders and
Robinson, 2012) and resolving motiva-
tional conflict (Piantadosi et al., 2017;
Nguyen et al., 2018). Therefore, modula-
tion of dopamine release in the NAc is a
potential mechanism by which PVT activ-

ity influences behavior in situations elicit-
ing competing approach and avoidance
behaviors.

Dysregulated DAergic functioning is a
common feature of addiction; and given
the existing link between PVT activity and
NAc dopamine levels, the PVT has been
increasingly recognized as a constituent in
the neurocircuitry of addiction (Di Chiara
and Bassareo, 2007; Parsons et al., 2007).
Maladaptive resolution of conflicting ap-
proach and avoidance associations may
contribute to the maintenance of compul-
sive drug use despite the emergence of
negative health, social, and financial con-
sequences, a defining aspect of addiction
(e.g., Nguyen et al., 2015). As the motiva-
tional value of addictive drugs is dispro-
portionately high and outweighs the value
of aversive consequences, repeated drug
exposure may disrupt regulation of ap-
proach (drug-seeking and taking) and
avoidance (drug abstinence) behaviors
(Nguyen et al., 2015). Consistent with this
perspective, repeated cocaine exposure
has been shown to lead to dysregulation of
positive and negative motivational pro-
cessing. Specifically, rats preexposed to
cocaine displayed a bias toward appetitive
approach when presented with a cue asso-
ciated with both sucrose reward and
shock punishment (Nguyen et al., 2015).

The findings of Choi et al. (2019) may
be relevant for interpreting previous stud-
ies demonstrating that disruption of PVT
functioning dampens context-induced
drug-reinstatement behaviors (Hamlin et
al., 2009; Pelloux et al., 2018). The coun-
terconditioning paradigm of Choi et al.
(2019) mirrors drug reinstatement para-
digms, which create motivational conflict
by altering the motivational value of a CS
(drug-related cue). However, drug rein-
statement paradigms may create moti-
vational conflict by first pairing cues/
contexts with drug-reward delivery, and
subsequently with no-reward delivery.
Context- or cue-induced reinstatement
consequently requires resolving conflict-
ing behavioral responses to cues/contexts
resulting in the reemergence of the extin-
guished drug-oriented behavior (Pelloux
et al., 2018). Therefore, the Choi et al.
(2019) finding regarding the PVT’s in-
volvement in CS-induced approach be-
havior hints at the PVT’s involvement in
reinstatement behavior and, by extension,
cue-induced drug relapse.

The Choi et al. (2019) demonstration
of pPVT responsivity to aversive stimuli
also has implications for models of addic-
tion. Specifically, pPVT responsivity to
both aversive US and respective CS stim-
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uli during cue-learning, and its correla-
tion with defensive freezing behavior, is
consistent with the pPVT’s projections to
the ventromedial NAc shell, a region im-
plicated in avoidance behaviors (Choi et
al., 2019). Previous work highlights the
potential role of this PVT-NAc pathway in
addiction, where disruption thereof re-
duces withdrawal-induced place aversion
and somatic signs of opiate withdrawal
(Zhu et al., 2016). The necessity of PVT-
NAc pathway functioning for drug self-
administration and the aversive effects
of withdrawal, but not craving-induced
drug-seeking behavior, suggests that this
pathway may be involved in drug use mo-
tivated by negative reinforcement (Huang
et al., 2018). Overall, research investigat-
ing the role of PVT function in regulating
approach and avoidance behaviors has the
potential to shed light on the motivational
mechanisms that drive choices between
pursuing drug-related behaviors (e.g., drug
seeking and taking) and avoiding their re-
spective negative consequences (e.g., health,
social, and financial consequences).

References
Al-Hasani R, McCall JG, Shin G, Gomez AM,

Schmitz GP, Bernardi JM, Pyo CO, Park SI,
Marcinkiewcz CM, Crowley NA, Krashes MJ,
Lowell BB, Kash TL, Rogers JA, Bruchas MR
(2015) Distinct subpopulations of nucleus
accumbens dynorphin neurons drive aversion
and reward. Neuron 87:1063–1077.

Choi EA, Jean-Richard-Dit-Bressel P, Clifford
CW, McNally GP (2019) Paraventricular
thalamus controls behavior during motiva-
tional conflict. J Neurosci 39:4945– 4958.

Di Chiara G, Bassareo V (2007) Reward system

and addiction: what dopamine does and
doesn’t do. Curr Opin Pharmacol 7:69 –76.
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