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Abstract
Schizophrenia is a complex and multifactorial disorder generally diagnosed in young adults at
the time of the first psychotic episode of delusions and hallucinations. These positive symptoms
can be controlled in most patients by currently-available antipsychotics. Conversely, they
are poorly effective against concomitant neurocognitive dysfunction, deficits in social cognition
and negative symptoms (NS), which strongly contribute to poor functional outcome. The precise
notion of NS has evolved over the past century, with recent studies – underpinned by novel
rating methods – suggesting two major sub-domains: “decreased emotional expression”, incor-
porating blunted affect and poverty of speech, and “avolition”, which embraces amotivation,
asociality and “anhedonia” (inability to anticipate pleasure). Recent studies implicate a
dysfunction of frontocortico-temporal networks in the aetiology of NS, together with a
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disruption of cortico-striatal circuits, though other structures are also involved, like the insular
and parietal cortices, amygdala and thalamus. At the cellular level, a disruption of GABAergic–
glutamatergic balance, dopaminergic signalling and, possibly, oxytocinergic and cannibinoider-
gic transmission may be involved. Several agents are currently under clinical investigation for
the potentially improved control of NS, including oxytocin itself, N-Methyl-D-Aspartate receptor
modulators and minocycline. Further, magnetic-electrical “stimulation” strategies to recruit
cortical circuits and “cognitive–behavioural–psychosocial” therapies likewise hold promise. To
acquire novel insights into the causes and treatment of NS, experimental study is crucial, and
opportunities are emerging for improved genetic, pharmacological and developmental model-
ling, together with more refined readouts related to deficits in reward, sociality and
“expression”. The present article comprises an integrative overview of the above issues as a
platform for this Special Issue of European Neuropsychopharmacology in which five clinical and
five preclinical articles treat individual themes in greater detail. This Volume provides, then, a
framework for progress in the understanding – and ultimately control – of the debilitating NS of
schizophrenia.
& 2014 Elsevier B.V. and ECNP. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

1.1. Schizophrenia: core characteristics and
inadequate current management

Schizophrenia is a chronic, life-long and debilitating disorder
which is triggered in a complex, heterogeneous and multi-
factorial fashion by a diverse palette of genetic, epigenetic,
developmental and environmental risk factors (Figure 1)
(Millan, 2013; Sullivan et al., 2012; Rapoport et al., 2012).
It occurs with an incidence of at least 0.7% of the population
and, quite apart from personal distress, schizophrenia has a
huge socioeconomic burden, mostly in terms of indirect costs
like loss of employment and social support (Wittchen et al.,
2011). Diagnosis generally occurs in the young adult (or in late
adolescence) with the advent of the first frank psychotic
episode, often in the wake of a high-risk, prodromal period in
which occasional and/or attenuated psychotic symptoms may
occur – though such high risk individuals may eventually transit
to another psychiatric disorder like depression (Fusar-Poli
et al., 2013a, 2014; Sabbag et al., 2011).

Psychosis corresponds to the most familiar cluster of cardinal
symptoms, termed positive, and including delusions and hallu-
cinations (Buchanan et al., 2010; Huxley and Fonseca, 2014;
Leucht et al., 2013; Tandon et al., 2013). Positive symptoms
have long been treated by “first-generation” neuroleptics like
haloperidol and chlorpromazine; by clozapine; and by a range
of more recently-developed “second-generation” antipsycho-
tics including risperidone, olanzapine and aripiprazole (Asenjo-
Lobos et al., 2010; Citrome, 2013; Hartling et al., 2012; Leucht
et al., 2009, 2013; Naber and Lambert, 2009). Nonetheless,
control is often incomplete and some 20–30% of patients are
considered refractory (not responsive to at least two different
treatments). Despite decades of effort to find successor agents
of improved efficacy, clozapine remains the most effective
agent in otherwise non-responsive patients. However, as out-
lined below, clozapine shares the comparative inactivity of
other classes of antipsychotic for the management of neuro-
cognitive dysfunction, impaired social cognition and negative
symptoms (NS) (Asenjo-Lobos et al., 2010; Leucht et al., 2009,
2013).

Deficits in multiple domains of “neurocognition” are marked,
ranging from attention to working memory to executive
function, and they are little improved by medication, though
Cognitive Remediation Therapy (Section 4.7) is attracting
interest as an alternative therapeutic approach (Buchanan
et al., 2010; Carter and Barch, 2007; Kalkstein et al., 2010;
Leucht et al., 2009, 2013; Millan et al., 2012; Naber and
Lambert, 2009; Wykes et al., 2011). The poor response to
antipsychotics is hardly surprising since blockade of dopamine
D2 receptors, muscarinic M1 receptors, histamine H1 receptors
and α1-adrenoceptors will compromise mnemonic performance
and overwhelm any potentially beneficial influence on cogni-
tion, such as that afforded by antagonism of frontocortical D3
receptors or α2-adrenoceptors (Brosda et al., 2014; Citrome,
2013; Millan et al., 2000, 2012; Nakajima et al., 2013). This
may at least partially explain why numerous mechanisms
evaluated as “add-on” therapies to antipsychotics have dis-
appointed for improving neurocognition (Buchanan et al.,
2011a, 2011b; Millan et al., 2012).

A further domain of poorly-treated impairment in schizo-
phrenia is social cognition which refers to mechanisms for
understanding and interpreting the mental states, gestures,
behaviours and facial expressions of others, and which also
embraces the understanding of verbal and non-verbal modes
of communication (Section 2.3) (Adolphs, 2009; Bora et al.,
2009; Brown et al., 2012; Brüne, 2005; Fitch et al., 2010;
Frith and Frith, 2012; Kalkstein et al., 2010; Millan and
Bales, 2013; Rushworth et al., 2013). By analogy to “neu-
rocognitive impairment”, deficits in social cognition are
essentially refractory to existing antipsychotics yet, with
the exception of some preliminary trials with oxytocin
(Section 4.8), there have been comparatively few efforts
to specifically redress the compromised social cognition of
schizophrenia (Green et al., 2012; Meyer-Lindenberg et al.,
2011; Millan et al., 2012). This is unfortunate since impaired
social cognition has grave repercussions for functional out-
come and may drive other symptoms, including NS (Section
2.2) (Brüne, 2005; Foussias et al., 2014; Green et al., 2008,
2012; Hoe et al., 2012; Millan et al., 2012).

The NS of schizophrenia, which encompass blunted affect,
poverty of speech (alogia), amotivation, anticipatory anhedonia
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