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Introduction
The traditional drug discovery process involves multiple stages 
and requires significant time and investment. High attrition rates 
are observed in all disease areas, but particularly so in the field of 
central nervous system (CNS) diseases (Gribkoff and Kaczmarek, 
2017). Consequently, many pharmaceutical companies have 
moved out of CNS diseases research and development leaving a 
significant unmet medical need and associated burden on fami-
lies and society in general (Murray et al., 2012; Roehrig, 2016). 
The reasons for the poor success have been the topic of many 
reviews over the last few years (Hyman, 2012; Kaitin and Di 
Masi, 2011; Paul et al., 2010); many opinions have been aired but 
with few easy answers. In CNS diseases more than any other 
area, the gap between preclinical tests and clinical settings 
appears to be particularly wide, mainly because of lacking bridg-
ing quantifiable biological paradigms (Figure 1).

The research domain criteria (RDoC) project was initiated by 
National Institutes of Mental Health (NIMH) in response to the 
2008 NIMH Strategic Plans’ call for ‘new ways of classifying 
mental illnesses that are based on observable behaviour and neuro-
biological measures’; this, in an attempt to provide a guiding and 
evolving framework to improve the translation from preclinical to 

clinical research (Insel et al., 2010). RDoC postulates that psychi-
atric conditions are disorders of brain circuits, and it emphasises 
the study of neurobiological mechanisms that cut across psychiat-
ric disorders as defined by current diagnostic classification sys-
tems (Morris and Cuthbert, 2012).

In contrast, the established Diagnostic and Statistical Manual 
of Mental Disorders (5th ed.; DSM-5) defines and classifies men-
tal disorders based on observable symptoms, but fails to take into 
consideration the underlying neurobiology. Indeed, many of the 
symptoms described in DSM-5 are overlapping across diagnoses, 
and heterogeneity within any particular patient group is large. In 
drug discovery, a clear and precise understanding of the patho-
physiology of disease is the starting point for any new therapeutic 
concept, which forms the basis for new research projects. The 
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breakdown of a mental syndrome into smaller units – individual 
symptoms and even sub-symptoms – with an increased under-
standing of the underlying neurobiology at multiple levels of 
analysis will put decisions on project transitions on a new, data-
driven level and ultimately lead to less late-stage attritions in the 
field of psychiatry. Furthermore, the improved ability to align the 
most appropriate drug with the individual needs of the patient 
towards a more personalised medicine approach will be made 
possible. Essential will be the technologies and methods that are 
available and sufficient to provide informative and meaningful 
data that should ultimately translate into the objective measure-
ment of a clinically meaningful effect. Recent advances in tech-
nologies and methods available to neuroscientists have improved 
the feasibility of working in this field, and these combined with 
the RDoC approach might enable innovative ideas to be realised, 
thus making it an opportune time to be investing in this area. In 
this review, we focus on the RDoC domain Negative Valence and 
construct Potential Threat (‘Anxiety’) and discuss how data from 
different units of analysis can be integrated and combined in the 
context of drug discovery.

The RDoC framework
In its present form, the RDoC framework structures research 
around five major domains:

•• Negative valence systems: primarily responsible for 
responses to aversive situations such as fear, anxiety and 
loss.

•• Positive valence systems: primarily responsible for 
positive motivational situations or contexts such as 

reward-seeking, consummatory behaviour and reward/
habit learning.

•• Cognitive systems: these include various mental pro-
cesses relating to cognition such as attention, perception, 
declarative memory, language, cognitive control and 
working memory.

•• Systems for social processes: the mediators in interper-
sonal settings of various types including perception and 
interpretation of others’ actions.

•• Arousal and regulatory systems: these systems are 
responsible for generating activation of neural systems as 
appropriate for various contexts and providing appropri-
ate homeostatic regulation of such systems as energy bal-
ance and sleep.

RDoC-based research on these systems and processes is 
organised around a dimensional approach incorporating different 
levels of analysis ranging from genes, molecules, cells, circuits, 
physiology, behaviour and finally self-report. By re-orienting 
research away from DSM-5 categories and towards a multimodal 
dimensional framework based on empirically validated con-
structs, the long-term goal is to develop a scientific base that can 
inform future neuroscience-based diagnostic systems for mental 
illness (Cuthbert, 2014).

The construct potential threat (‘anxiety’) of the RDoC negative 
valence domain is present as the primary disturbance in multiple 
DSM-5 categorised disorders including social and generalised 
anxiety disorders, phobia, panic, and post-traumatic stress disor-
der. It also presents as a comorbidity in other indications, for exam-
ple, schizophrenia (Braga et al., 2004), major depressive disorder 
(Zbozinek et al., 2012), substance use disorders (Merikangas et al., 

Figure 1. The traditional drug discovery process: a major challenge in drug discovery is an improvement in translation from preclinical research 
to clinical development. RDoC combined with advances in the neuroscience ‘tool box’ should increase alignment between preclinical research and 
clinical development.
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1998) and autism spectrum disorders (Bitsika et al., 2016; Zaboski 
and Storch, 2018). In the following section, we will discuss the 
literature that has investigated Negative Valence, Potential Threat 
(Anxiety) using the RDoC units of analysis.

Applying the RDoC units of analysis 
to drug discovery for negative 
valence, potential threat (‘anxiety’)

Genes

Genetic evidence for the involvement of a particular protein in 
a disease state can be a compelling starting point for drug dis-
covery. Considerable evidence exists suggesting that anxiety 
and related disorders are moderately heritable and influenced 
by multiple genes, combined with environmental influences 
(McGregor et al., 2018; Meyer-Lindenberg and Weinberger, 
2006). The genetics of negative valence system traits has been 
elegantly reviewed by Savage et al. (2017), where a large num-
ber of candidate genes have been described based on genetic 
epidemiological data (twin studies, heritability) and molecular 
genetic association findings. Some of the genes described are 
well known and have been replicated and studied already at 
multiple different levels of analysis, for example, FKBP5 
(Zannas et al., 2016). For others, the association with neuropsy-
chiatric disease is less clear but could provide a starting point 
for further exploration.

Gene expression and changes thereof can be measured in 
post-mortem tissue (Balestri et al., 2017), assuming sufficient 
quality, and can be used to build confidence in a novel drug target 
if it is expressed in brain nuclei and circuitry considered to be 
relevant to a particular psychiatric domain. Changes in gene 
expression are, however, often more difficult to interpret than 
expression per se since factors such as drug treatment history and 
duration of disease can be confounding. Nonetheless, confirma-
tion that a particular gene is expressed in the human brain is 
essential for drug discovery projects and knowledge that the sys-
tem is conserved across species is important for feasibility. In 
addition, the influence of gene variants on target expression can 
be evaluated in brain regions such as the anterior cingulate cortex 
(Sommer et al., 2010), a region which plays a key role in the 
limbic-cortical modulation of emotional behaviour (Drevets 
et al., 2008). A more recent study has investigated brain-specific 
gene co-expression in a brain region known to be involved in 
schizophrenia, that is, the dorsolateral prefrontal cortex, to 
explore how different genes are associated and thus to detect 
molecular pathways of risk genes. The authors describe the 
development a novel data-driven strategy for characterising clus-
ters of strongly interacting genes, which have been linked to 
DRD2, a target gene for schizophrenia (Monaco et al., 2018). 
This approach could be applied to the evaluation of gene expres-
sion patterns in tissue from other psychiatric populations, includ-
ing those with negative valence, and could be used as a starting 
point for biological validation of gene communities and further 
exploration of their relevance to disease. Exploration in preclini-
cal species would also be feasible to further increase understand-
ing of the associated molecular mechanisms and function, as well 
as exploration of the effect of particular challenge conditions 
(e.g. stress) on expression patterns.

Advances in gene editing technologies have led to increased 
speed and feasibility for exploring the effect of manipulation of 
genes in preclinical species (Jennings et al., 2016; Zhuo et al., 
2017) and for exploring the functional consequences of genetic 
changes such as variations in copy number which are associated 
with numerous psychiatric disorders (Hiroi, 2018). The tradi-
tional gene knockout technology has contributed to the validation 
of novel genes such as transient receptor potential channels 4/5 
(TRPC4/5) (Just et al., 2018; Riccio et al., 2014) as being impor-
tant for negative valence. TRPC4/5 channels are non-selective 
cation channels which are expressed in the brain in areas involved 
in anxiety including the amygdala. In the study of Riccio et al. 
(2014), genetic ablation of TRPCs resulted in a reduced firing 
pattern of neurones of the lateral amygdala challenged with chol-
ecystokinin tetrapeptide (CCK-4) and decreased anxiety-like 
behaviour in knockout mice. These findings have been confirmed 
pharmacologically by Just et al. (2018) following the systemic 
administration of the selective TRPC4/5 inhibitor HC-070, thus 
confirming the therapeutic potential of TRPC4/5 inhibitors for 
the treatment of anxiety-related disorders.

Molecules

Assessment of soluble molecules or biomarkers in the cerebro-
spinal fluid (CSF) or plasma could be an ideal way to stratify 
patients for clinical trials and for determination of clinical proof 
of pharmacological principle. However, despite large efforts, 
such predictive biomarkers are largely non-existent and, even if 
they were, drawing inferences from the neurochemical composi-
tion of plasma and CSF on the processes of the brain is not always 
considered necessarily straightforward (Bandelow et al., 2017). 
One area that has been extensively investigated in this regard, 
however, has been the hypothalamic-pituitary-adrenal (HPA) 
axis. Disruption of the  HPA axis  is common across numerous 
psychiatric disorders including those associated with negative 
valence including anxiety (Dedic et al., 2018). Consequently, 
measurement of molecules such as cortisol could be used as bio-
markers for patient stratification or treatment response and 
indeed for the establishment of animal tests using these mole-
cules as read-outs. In drug discovery, however, the track record 
here is not good; the failure of the corticotropin-releasing factor 
receptor type 1 (CRF1) antagonists in clinical trials for depres-
sion and anxiety (Binneman et al., 2008; Zorrilla and Koob, 
2010) suggests that the system is complex and that the optimal 
point for therapeutic intervention has not yet been identified. 
However, more recent findings have identified polymorphisms 
in the FKBP5 gene as vulnerability factors to anxiety (and 
depression) and when combined with environmental insults such 
as early life stress can disrupt the equilibrium of  HPA axis  
functioning and lead to psychiatric disorders (Gross and Hen, 
2004; Hovens et al., 2012). Other examples of systems involved 
in anxiety with the potential for measurement of blood or CSF-
based biomarkers include the kynurenine system (Schwarcz 
et al., 2012), serine racemase system (Basu et al., 2009) and neu-
ropeptides such as orexin (Flores et al., 2015). However, while 
the correlative link to human pathophysiology is there, these 
have so far only been explored at the preclinical level in drug 
discovery projects addressing negative valence.

Imaging technologies such as positron emission tomography 
(PET) and single-photon emission computerised tomography 
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(SPECT) offer the potential to measure binding of radioligands to 
target proteins in the brain and changes thereof in healthy volun-
teers or in patients and can be used to give an indirect indication 
of differences in transmitter systems (Maron and Nutt, 2017; 
Martin et al., 2009; Suhara et al., 2017). In a study by Van der 
Wee et al. (2008), the dopamine and serotonin systems have been 
assessed in patients with generalised social anxiety disorder 
using SPECT and compared with healthy controls. Significantly 
higher binding potentials were found for serotonin in the thala-
mus and for dopamine in the striatum indicating dysregulation of 
these neurotransmitter systems in this patient group. Magnetic 
resonance spectroscopy (MRS) can be used as a direct measure 
of chemical composition of the brain and changes in neurotrans-
mitter levels in specific brain regions (Novotny et al., 2003) and 
has been used to assess gamma-aminobutyric acid (GABA) lev-
els in patients with panic disorder (Goddard et al., 2001). In this 
study, patients with panic disorder had significantly reduced 
GABA levels in the occipital cortex, although a significant cor-
relation between GABA levels and measures of illness or state 
anxiety was not observed (Goddard et al., 2001). A recent review 
has focused on metabolic alterations in patients with generalised 
anxiety disorder as assessed using MRS. Alterations in metabo-
lites such as N-acetyl-aspartate, phosphocreatine and creatinine, 
and glycerophosphocholine were highlighted in brain regions 
including the dorsolateral prefrontal cortex and hippocampus 
(Delvecchio et al., 2017). Such imaging technologies can also be 
applied preclinically enabling close alignment between these two 
settings and could enable the identification of specific biomark-
ers for patient selection and treatment response.

Cells

The potential of cellular systems has advanced significantly over 
the last decades. There has been an increasing recognition of the 
limitations of target-centric drug screening in recombinant sys-
tems and the need for cellular systems that engage signalling 
pathways and processes that are relevant to the pathophysiology 
of the disease. Primary neuronal cultures are increasingly being 
used, as well as phenotypic screens, which aim to identify new 
drug targets based on disease-relevant cellular signalling. Biased 
signalling is also increasingly recognised and for the purpose of 
drug screening is sometimes also considered (Kenakin, 2015).

Cellular systems based on human patient material are devel-
oping at a fast pace and could offer significant advantages over 
the recombinant and animal-derived cellular systems described 
above. The generation of induced pluripotent stem cells from 
adult human fibroblasts was first described in 2007 (Takahashi 
et al., 2007) – a considerable feat at the time since no one had 
been able to convert adult skin cells into stem cells; and thereaf-
ter by varying the chemical environment the cells could be dif-
ferentiated into neurones or any other cell type in vitro. Since 
then, a wealth of possibilities has opened up for increasing under-
standing of human disease and modelling it in vitro. iPSC tech-
nology provides the possibility to develop distinct cell types that 
are central to multiple psychiatric disorders (Borsini and 
Zunszain, 2016; Madison et al., 2015; O’Shea and McInnis, 
2016; Vaccarino et al., 2011; Wen et al., 2016). Furthermore, in a 
recent study, Stern et al. (2018) described the identification of a 
division of intrinsically different sub-populations of patient-
derived neurones, which could be used to predict the patient’s 

responsiveness to lithium. Application of such know-how could 
help understanding of why some patients respond to certain drugs 
and others not; it is indeed estimated that over one-third of 
patients suffering from anxiety-related disorders are treatment 
resistant (Bystritsky, 2006).

Circuits

Understanding brain circuitry is central to the RDoC concept. 
Non-invasive neuroimaging methods such as functional mag-
netic resonance imaging (fMRI) can be applied at every phase of 
drug discovery, across species, and have led to significant 
advancement of our understanding of brain circuitry underlying 
anxiety and related disorders (Borsook et al., 2006). fMRI can 
determine changes in brain blood oxygenation levels in the 
microcirculation, thus providing an indirect measure of neural 
activity. It can be performed in awake animals and humans in 
resting state or, for example, during performance of a task or 
challenge intervention. In terms of negative valence, numerous 
reports have demonstrated using fMRI that the amygdala (in par-
ticular the basolateral amygdala (BLA)) is over-activated in 
some patients with major depressive disorder (MDD)/anxiety 
both at baseline and in response to stimuli such as sad faces or 
negative words, possibly reflecting the increased negative emo-
tional and cognitive state associated with these conditions 
(Drevets and Raichle, 1992; Sheline et al., 2001). Furthermore, 
the degree of amygdala activation has been shown to be posi-
tively correlated with symptom severity in disorders such as pho-
bia and social anxiety disorder and a measurable reduction in 
amygdala activation following treatment with pharmaco- and 
psychotherapy has also been described (Duval et al., 2015; 
Labuschagne et al., 2010; Phan et al., 2013). By extension, strati-
fication of patients for clinical trials using fMRI could lead to a 
form of precision medicine in psychiatry, in which treatments are 
delivered to particular patients based on the degree to which the 
treatment targets a particular form of circuitry dysfunction (Le 
Doux and Pine, 2016) and thus the effect of a novel pharmaco-
logical intervention might be better evinced.

There have been numerous initiatives to further advance 
imaging technologies. For example, the Human Connectome 
Project was initiated in 2010 following support from National 
Institutes of Health (NIH) for the establishment of two consortia 
to develop improved neuroimaging methods and to acquire a data 
set of unprecedented size and quality for mapping the healthy 
human macroscale connectome (Glasser et al., 2016). This and 
similar initiatives, such as the ENIGMA consortium, a large 
global consortium aiming to compile genetic and imaging data 
from numerous patient populations (Thompson et al., 2014), are 
essential to the progression of our understanding of neural cir-
cuitry in health and disease.

A critical question to the RDoC approach is whether psychiat-
ric symptoms are truly transdiagnostic. Since anxiety is present 
in numerous disorders, one report has used fMRI to determine if 
the same mechanisms contribute to anxiety in individuals with 
and without autism spectrum disorder (ASD). The study found 
that the pattern of activation of the amygdala circuitry observed 
in ASD patients is the same as that described for patients suffer-
ing from anxiety without ASD. This finding supports the transdi-
agnostic nature of the negative valence domain and suggests that 
anxiety in ASD should be responsive to interventions targeting 
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maladaptive responses to negative information (Herrington et al., 
2017). It is anticipated that additional data from similar studies 
will be become available soon to shed further light on this impor-
tant aspect of the RDoC concept.

In preclinical phases, fMRI can be used to define relevant 
CNS animal tests, which can be used to explore the validity of a 
new therapeutic concept. These should both engage the brain cir-
cuitry considered to be aberrant in the patient and in-line with the 
site of action of the novel therapeutic approach. The demonstra-
tion of a drug-induced change in a particular circuit (circuit 
engagement) using imaging can increase understanding of the 
brain pathways involved in the mechanism of action of a drug 
and build confidence in a novel therapeutic approach, thus ena-
bling its advancement through the drug discovery process. An 
important consideration, however, is that unlike in the clinical 
setting, preclinical fMRI measures often require the use of anaes-
thesia to minimise stress and reduce motion artefacts during the 
scans. It is, therefore, important to have a good understanding of 
the effects of the anaesthetic used on neuronal activity (Jonckers 
et al., 2015).

A significant advance for the preclinical evaluation of brain 
circuits has been the development of optogenetics – the combina-
tion of genetic and optical methods to cause or inhibit well-
defined events in specific cells of living tissues and behaving 
animals (Fenno et al., 2011). The technology involves the use of 
genetically encoded light-sensitive proteins (ion channels or 
pumps) called opsins, which can be expressed in specific cell 
types of the brain. The application of light into the brain region of 
interest can precisely activate or inhibit the opsins, thus enabling 
fast and focused manipulation of neural activity. Since the dis-
covery of optogenetics over 10 years ago, optogenetic techniques 
have become standard tools to understand how cell types, circuits 
and systems operate in normal and pathological states (Steinberg 
et al., 2015). Furthermore, coupling of optogenetics with comple-
mentary technologies including fMRI (Lee et al., 2017), electro-
physiology and behaviour is now routine in many labs, thus 
enabling a more integrated approach to the investigation of brain 
circuitry (Kim et al., 2013).

The neural circuits underlying negative valence including 
anxiety have been explored using optogenetics (Tye et al., 2011). 
In this study, channel rhodopsin was expressed in the pyramidal 
neurones of the BLA and an optical fibre was implanted over the 
central nucleus of the amygdala (CeA). Photostimulation of the 
BLA terminals in the CeA resulted in an acute and reversible 
decrease in anxiety-like behaviour as measured in the elevated 
plus maze and open-field paradigms. The opposite was observed 
when an inhibitory opsin NpHR was used. This type of approach 
can be applied in preclinical drug discovery where the efficacy of 
novel pharmacological approaches can be investigated for the 
validation of new therapeutic concepts. To date, optogenetics has 
been employed in preclinical settings only. It is conceivable, 
however, that the same technology could be applied as a thera-
peutic modality of the future (Delbeke et al., 2017).

Physiology

The potentiated startle test as suggested by RDoC as a physiolog-
ical read-out for the negative valence, construct potential threat is 
considered to have substantial translational validity and rele-
vance for anxiety disorders (Davis et al., 2010; Grillon and Baas, 

2003; Schmitz and Grillon, 2012). It can be performed in humans 
(the NPU-threat test) as well as in preclinical species as an objec-
tive measurement of anxiety (Lissek et al., 2008). The test 
involves classical fear conditioning, which has long been impli-
cated in development of pathological anxiety. Thus, the task 
employs the learning process by which a neutral unconditioned 
stimulus comes to evoke fear following its pairing with an aver-
sive unconditioned stimulus (Mineka and Zinbarg, 2006). 
However, the lack of effect of benzodiazepines has been reported 
under certain experimental conditions indicating an increased 
need for further understanding of the paradigm and its relation to 
fear as well as anxiety. The neuropeptide and hormone oxytocin, 
which is known to have anxiolytic effects in humans as well as 
preclinical species (see Neumann and Slattery (2016) for review), 
have been reported to suppress acoustic startle following fear 
conditioning compared with startle before conditioning (back-
ground anxiety) but did not have an effect on cue-specific fear-
potentiated startle. These findings suggest that oxytocin reduces 
background anxiety – an anxious state not directly related to cue-
specific fear, but sustained beyond the immediate threat (Missig 
et al., 2010).

Other directly translational physiological paradigms that 
might be considered include administration of CCK-4 CO2 caf-
feine, sodium lactate and yohimbine challenge. All of these 
agents have been used both preclinically and clinically as phar-
macological tools to activate brain circuitry involved in anxiety 
and could be coupled with several physiological read-outs such 
as skin conductance, measurement of cortisol or cardiovascular 
parameters (Siepmann and Joraschky, 2007). Testing of a novel 
drug in such a paradigm in healthy volunteers in the clinic could 
enable proof of pharmacological principle and an early decision-
making for a drug discovery project.

Behaviour

The complexity of the human brain and behaviour poses a dis-
tinct challenge to drug discovery in the field of neuropsychiatric 
diseases. Psychiatric symptoms are often uniquely human, mak-
ing the development of an animal model that reproduces a whole 
psychiatric symptom virtually impossible (Figure 2). Therefore, 
it follows that animal behavioural tests are best employed to 
investigate distinct components of more complex phenomena, 

Figure 2. The complexity of the human brain and behaviour poses a 
challenge to neuropsychiatric drug development. Focus on discrete 
traits as components of more complex phenomena.
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such as mechanistic tests, which engage circuitry considered rel-
evant for a particular clinical symptom and predict clinically 
needed drug exposures. Numerous back-translated behavioural 
tasks have been developed, for example, for cognitive systems 
(Robbins, 2017), where the circuitry and associated mechanisms 
involved have been explored and validated, thus increasing con-
fidence that findings obtained with such tests will translate. For 
the domain negative valence and construct potential threat (anxi-
ety), such behavioural read-outs have so far not been described.

In the future, information on human behaviour collected using 
smartphone technologies could be used and would be extremely 
informative for the field of psychiatry as a whole. Numerous 
smartphone apps have already become commercially available; 
however, the majority lacked involvement of health care profes-
sionals in their development (Sucala et al., 2017). If collected 
appropriately, such human data could be extremely powerful for 
increasing understanding of altered patterns of behaviour in 
patients suffering from anxiety and related disorders. However, 
linking such behavioural data to associated brain circuitry could 
prove difficult.

Preclinically, classical pharmacological animal tests such as 
the elevated plus maze and open field are still widely used to 
explore the potential of new therapeutic concepts for anxiety and 
related disorders. Their predictive validity might be enhanced by 
applying pharmacological challenges such as with CCK or 
yohimbine, which have been shown to induce anxiety in healthy 
volunteers and where the associated brain circuitry is somewhat 
understood. Chronic social stress models are considered relevant 
due to the activation of anxiety-related circuitry (Bath et al., 
2017) and where a number of novel therapeutic approaches have 
been shown to be effective in rodents (Fuertig et al., 2016; Just 
et al., 2018).

As mentioned above, data collected from a combination of 
complementary methods and technologies are increasingly being 
used and arguably essential for ensuring that the circuits and 
mechanisms considered relevant to the clinical disorder – and 
hypothesis for its treatment – are indeed being engaged in behav-
ioural tests. Face, construct and predictive validity will always be 
a challenge in the field of psychiatry, and therefore, the use of, 
and interpretation of findings from, behavioural tests simply as 
mechanistic read-outs might prove beneficial.

Self-reports

In drug discovery, all knowledge and understanding underlying 
new drug target identification and validation culminates in the 
nomination of a new molecular entity for testing in humans. This 
final stage in the process enables the determination of whether 
the drug leads to a clinically meaningful improvement in particu-
lar symptoms and overall disease severity. For this, self-reports 
are needed, and RDoC specifies several self-reports considered 
suitable for the evaluation of negative valence, potential threat 
(anxiety): the Intolerance of Uncertainty Scale (12-item version; 
Carleton et al., 2007), Behavioural Inhibition Scale (BIS; Carver 
and White, 1994), Fear of Negative Evaluation Scale (Watson 
and Friend, 1969), Anxiety Sensitivity Index (Taylor et al., 2007), 
and Life Events and Difficulties Schedule (LEDS; Brown and 
Harris, 1978). The Intolerance of Uncertainty Scale is perhaps 
the most commonly used measure and has been used to evaluate 
anxiety in numerous psychiatric disorders including generalised 

anxiety disorder (GAD) and obsessive-compulsive disorder 
(OCD; Gillett et al., 2018), ASD (Rodgers et al., 2018), attention-
deficit hyperactivity disorder (ADHD) (Gramszlo et al., 2018) 
and in individuals with co-occurring post-traumatic stress disor-
der (PTSD) and substance use disorders (Banducci et al., 2016). 
Furthermore, a recent study has demonstrated the contribution of 
improvement in intolerance of uncertainty to overall treatment 
gains in patients undergoing transdiagnostic cognitive behav-
ioural therapy (Talkovsky and Norton, 2018).

Perspective
In the current review, we have described evidence for Negative 
Valence with a focus on the construct Potential Threat (‘Anxiety’) 
at each level of analysis in the context of drug discovery. Much 
of the literature described has been performed at one or more 
levels of analysis, but relatively few studies to date have system-
atically or directly explored the potential of RDoC as a primary 
objective, or interpreted their results in a manner consistent with 
the RDoC framework (Carcone and Ruocco, 2017). Moreover, 
much of the literature cited herein is based on studies stemming 
from DSM-based criteria. This is perhaps not surprising in view 
of the relative newness of the RDoC approach, but should be 
borne in mind. Nonetheless, in terms of building a comprehen-
sive understanding in neuropsychiatry, studies using integrated 
methodological approaches where scientific evidence is com-
piled from studies spanning the units of analysis would surely 
improve the likelihood of identifying drug targets that are clini-
cally effective.

In general, the literature appears in support of RDoC, although 
some reports are highly critical and express concerns 
(Hershenberg, 2015; Patrick and Hajcak, 2016; Zoellner and Foa, 
2016). Certainly, there will be challenges in the practical imple-
mentation of the framework which will likely be greater for some 
of the RDoC domains than others. Precise alignment across all 
the units of analysis could be difficult and is dependent on the 
tools available. Furthermore, the RDoC project is a living project 
and is still at an early stage. The need for further elucidation and 
more precise definition of the terms used could help avoid vari-
able interpretation of the RDoC constructs that seems to be 
emerging (Patrick and Hajcak, 2016). More fundamental con-
cerns such as the emphasis on neurobiological dysfunction as the 
root of clinical disorders and the reductionist approach of RDoC 
have also been aired (Hershenberg and Goldfried, 2015). Thus, 
some controversy in the field exists highlighting the need for 
continued dialogue in order that progress can be made, and the 
full potential of RDoC to be realised.

The pace of technological development in neuroscience has 
accelerated in the recent past, providing researchers with power-
ful and precise new tools and making it an exciting time to work 
in this field. Feasibility is better than it has ever been, to increase 
our understanding of neuropsychiatric disorders and to develop 
effective therapies for their treatment. Increased understanding of 
the role of genes in neuropsychiatric disorders offers the possibil-
ity of selecting homogeneous groups of patients, and those most 
likely to respond to treatment. Patient-derived induced pluripotent 
stem cells offer a revolutionary tool for disease modelling and for 
drug discovery. The generation of tissue-relevant cell types exhib-
iting a patient’s genetic and molecular background offers the abil-
ity to develop personalised therapies. Imaging technologies span 
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both ends of the drug discovery spectrum – enabling understand-
ing of the malfunctioning circuitry in patients as well as the objec-
tive selection of those patients most likely to respond to treatment 
and ultimately to proof of clinical principle. Circuit disturbances 
can be modelled and precisely explored preclinically with the use 
of optogenetics. With the integration of methods and tools across 
levels of analysis, physiological and behavioural tests and self-
reports can be more closely aligned between preclinical and clini-
cal settings to improve the likelihood of translation of a new 
therapeutic concept to a clinically meaningful outcome in the 
patient (Figure 3).

The primary aim of RDoC is to improve the classification sys-
tem of psychiatric disorders, building on the premise that an 
improved diagnostic system will improve treatment outcomes. 
The approach is a move towards a more tailored or personalised 
approach to diagnosis and consequent treatment (Insel and 
Cuthbert, 2015) which holds significant promise for the future 
success of drug discovery. However, much work is still to be 
done: regulatory systems will need to be adapted, and standard-
ised measures and protocols need to be implemented along with 
common data acquisition and handling standards (Brady and 
Insel, 2012). However, despite the challenges, RDoC coupled 
with advances in the neuroscience tool box makes it an exciting 
and promising time to be working in the field of drug discovery 
for neuropsychiatric diseases. It is still early days and further 
advancements are clearly needed; but with the use of this 

common framework, we have the opportunity to increase our 
understanding of neuropsychiatric disorders and work towards 
achieving a common thread of translational research from gene to 
self-report.
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