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Understanding reward circuits

Dr. Athina Markou received her Ph.D. from the
University of California San Diego in 1991 and, very
early in her career, she showed a strong skill for building
strong research programs in substance use and psychiatric
disorders by obtaining both pre-doctoral and postdoctoral
Individual National Research Service Awards from the
National Institute on Drug Abuse (NIDA). These first
projects emphasized reward mechanisms in relation to
drugs of abuse, a research area that she would continue
to foster throughout her career. Athina received her first
National Institutes of Health (NIH) Research Project
Grant (R01) grant from NIDA in 2000, BNeurobiology
of Nicotine Reward and Withdrawal^. During this time,
Athina co-authored a highly cited article on the construct
validity of intracranial self-stimulation (ICSS) as a tool to
elucidate the neurobiological basis of reward-related
processes (Markou and Koob 1992). Her interests not
only in reward processes but also in reward deficits in
psychiatric disorders led to her second R01 award 2 years
later, this time from the National Institute of Mental
Health (NIMH, BNegative symptoms of schizophrenia:
animal models^), focused on developing and validating
paradigms that can be used to characterize constructs
relevant to a cluster of negative symptoms of schizophre-
nia in experimental animals. In this project, she applied

ICSS in rodents to evaluate gene expression changes
within circuits mediating reward. In 2002, when the
NIMH grant was awarded, it was quite unusual for
investigators to employ model systems to interrogate
domains of dysfunction in a manner that is consistent with
the Research Domains Criteria (RDoC) initiative that was
undertaken by NIMH a half a dozen years later (2009).
Athina’s research focus on reward processing had an
impact on understanding reward deficits in psychiatric
disorders (negative symptoms in schizophrenia) (Barnes
et al. 2014) as well as substance use disorders by
generating basic knowledge about circuits and molecular
targets for the discovery and development of novel treat-
ments for these disorders.

Building collaborations to advance novel
therapeutics

Throughout her career, Athina served as a catalyst for building
translational approaches in treatment development for psychi-
atric and substance use disorders and showed tremendous tal-
ent for bringing together groups of scientists to address re-
search needs. In one such effort, Athina created a collaborative
network to develop novel treatments for nicotine abuse and
mental disorders. The group comprised experts in medicinal
chemistry and drug development, from academia and pharma,
to complement her significant expertise with in vivo measures
and behavioral pharmacology. The project was supported
through a joint NIMH and NIDA initiative, the National
Cooperative Drug Discovery Group for the Treatment of
Mood Disorders or Nicotine Addiction. Athina's project was
one of three grants that were awarded in response to the NIH
initiative. The cooperative agreement co-funded by NIMH
and NIDA had the goal of developing gamma-aminobutyric
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acid B receptor (GABAB) positive allosteric modulators
(PAMs) as antidepressants and/or aids to smoking cessation.
Athina’s group uncovered a wealth of potential applications of
GABAB ligands, including attenuation of the rewarding prop-
erties of cocaine in GABAB PAM-treated rats and stress-
reducing effects of GABAB antagonists (Slattery et al.
2005). A selective GABAB PAM BHF177 was distinguished
from both a GABAB agonist and a benzodiazepine anxiolytic
in several experimental paradigms on stress- and anxiety-
related behaviors in mice (Li et al. 2013). BHF177 was found
to be ineffective across a wide range of anxiety tests in mice.
In a later study looking at the effects of GABAB PAMs in
startle-based anxiety tests (light- and fear-potentiated startle)
in rodents, BHF177 was found to have anxiolytic-like effects
on light-enhanced startle only in rats that exhibit a high anx-
iety state (Der-Avakian et al. 2016). Athina and her group
concluded from these studies that the disparate findings across
stress- and anxiety-related paradigms in rodents reflected the
differences in the underlying neurobiology of the anxiety con-
structs and species-specific pharmacology of GABAB PAMs.
This theme would recur in Athina’s later efforts to build trans-
lational, cross-species measures as assays for therapeutic
development.

While Athina maintained cooperative agreement awards
from NIDA and NIAAA to advance new treatments of sub-
stance use disorders, her efforts in treatment development for
mental illnesses shifted towards developing innovative li-
gands for metabotropic glutamate receptor subtype 2- and -3
(mGluR2/3) as novel treatments for mood disorders (Dhanya
et al. 2014; Grivas et al. 2013; Pitsikas and Markou 2014).
This interest lead to an NIMH-funded project co-led with
Nicholas Cosford at Sanford Burnham Prebys Medical
Discovery Institute to optimize the potency of group II
mGluR antagonists and negative allosteric modulators for ac-
tivity in experimental paradigms that tap into domains of an-
hedonia relevant to depression. Beyond this, Athina contrib-
uted her expertise to many additional groups interested in
treatment development for psychiatric and substance use dis-
orders and the development and validation of translational
assays to assess reward deficits in animals and humans.

Advancing innovative translational assays
to improve treatment development for mental
disorders

In 2012, Athina co-authored a highly cited review focused on
the neural circuits underlying anhedonia and other reward-
related deficits in psychiatric disorders, i.e., avolition, deficits
in anticipation/prediction, valuation, reinforcement learning,
and decision-making (Der-Avakian and Markou 2012). She
stressed the need to understand which of these reward-
related processes, and the underlying circuits, are disrupted

in individuals with psychiatric disorders in order to develop
treatments targeted to the specific reward deficits. She empha-
sized in recent reviews (Der-Avakian et al. 2016; Der-Avakian
et al. 2013) the need for translational measures of reward-
related processes that can be used in rodents and humans
and laid out important considerations for cross-species behav-
ior assessments of reward and motivation.

One of Athina’s most recent efforts involved contributing
to the construction of a research team aimed at identifying and
evaluating translational brain physiological measures in order
to improve the potential for preclinical animal data to predict
effects of novel pharmacologic or circuit-based interventions
in humans (Novel Assays to Address Translational Gaps in
Treatment Development). Athina was a critical contributor
and key driver to the collaboration with Diego Pizzagalli
and his team of highly skilled researchers at McLean
Hospital along with her group at the University of California
San Diego, BNovel Cross-Species Neurophysiological Assays
of Reward and Cognitive Domains^. The NIMH-funded co-
operative agreement project aims to explore electrophysiolog-
ical (EEG) signatures during rewarding tasks (probabilistic
reward, flanker, 4-choice serial reaction time, and a probabi-
listic reversal learning task) in both healthy rats and humans to
assess their potential validity as translational assays for devel-
oping and advancing novel interventions for individuals with
reward deficits in drug discovery and early stage clinical trials.

Athina Markou’s many contributions to neuroscience and
therapeutic discovery will continue to have a significant im-
pact for understanding mechanisms underlying the variations
of reward deficits seen across diagnoses for psychiatric and
substance use disorders.
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