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Preface

Psychosis has historically been the central problem of psychiatry because it harms both
reason and emotion, even sometimes personality itself, and, whether rapidly or gradu-

ally, destroys the productive life of people. It is also intriguing for researchers due to the
variety of subjective symptoms, which are enigmatic and provoke artistic imaginations.

Schizophrenia, the representative syndrome of psychotic disorders, still remains the
hardest subject for psychiatric practice, although recently said to be becoming milder in
the clinical features. Pathogenesis of schizophrenia is not yet solved and thus antipsy-
chotic medications are not curative but rather symptomatic therapies.

This volume presents current research for the elucidation of psychosis in three different
aspects: phenomenological, which relates to the philosophical or conceptual basis of
psychosis; psychopathological, which relates to clinical manifestations of psychosis; and
pathophysiological, which relates to the scientific pursuit for the mechanism of psychosis.

Chapter 1, “Understanding / Psychosis,” deals with the very basis of diagnosis of psychosis
differentiated from neurosis or psychogenic symptoms, namely, un-understandability
as the impossibility of understanding in Japers’ sense.

Chapter 2, “The Axiological Structure in Psychosis,” presents the phenomenological-
existential analysis of psychosis and suggests its therapeutic implications.

Chapter 3, “Clinical Staging in Schizophrenia Spectrum Disorders,” summarizes the
state-of-the-art knowledge of clinical staging in schizophrenia spectrum disorders.

Chapter 4, “The Many Faces of Negative Symptoms in Schizophrenia,” addresses recent
advances regarding the concepts, definitions, and classifications of negative symptoms
of schizophrenia and their etiological model.

Chapter 5, “Role of Immunity in Pathogenesis of Psychosis,” reviews the immune-
inflammatory theory of schizophrenia and its clinical implications.

Chapter 6, “The Role of Epigenetics in Psychosis,” deals with the possible significance of
epigenetic dysregulation in the pathogenesis of schizophrenia.

Finally, Chapter 7, “DNA Methyltransferases and Schizophrenia: Current Status,” reviews
the dysregulation of DNA methyltransferases in schizophrenia.

This book provides readers with novel insight into psychosis and will help to advance
research in the field.

Kenjiro Fukao, M.D., Ph.D.
Tezukayama Gakuin University,
Osaka, Japan
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Chapter1
Understanding / Psychosis

Kenjiro Fukao

Abstract

“Understanding” in Jaspers’ sense is the essential concept for defining
psychosis, although its relationship is paradoxical, that is, psychosis is defined
by un-understandability or inability to understand. Un-understandability means
the inability of empathizing with the patient’s mind and implies the existence
of a pathological process in the patient’s brain. The pivotal concept which makes
psychotic patients be judged as irresponsible in forensic cases is disturbed
self-understanding or un-understandability of their own intentions. It is sug-
gested that self-disorder representing psychosis might be based on disturbed
self-understanding.

Keywords: psychosis, understanding, un-understandability, Jaspers,
self-understanding

1. Introduction

“Understanding psychosis” is in itself a contradictory remark, because
psychosis is defined as an “un-understandable” entity. As is well-known, “under-
standing” in classic psychopathology has a special meaning which differentiates
psychosis from neurosis defined as psychogenic symptoms. As neurotic symptoms
like anxiety or phobia are “understandable”, that is, imaginable and relivable on
the basis of normal mental life, they can be thought of as quantitative extremes
of normal mental activities, and therefore can be treated psychologically. In
contrast, psychotic symptoms like hallucinations or delusions are qualitatively
different from normal mental activities and cannot be imagined as their quantita-
tive extremes. This qualitative difference should be considered as a marker of the
existence of pathological processes in the patient’s brain.

While nowadays various neurotic disorders which had been considered as
psychogenic have turned to be thought to have some neural basis, psychotic symp-
toms still remain a special group of symptoms, which indicate difficulty for purely
psychological treatments. Therefore, “understanding” still remains an important
clinical methodology, although it is entirely subjective and fairly ambiguous. This
chapter reviews and examines the implications and possibilities of the concept of
“understanding” for clarifying what is psychosis.

2. Understanding and Jaspers
The concept of understanding in the specialized sense is introduced in psychiatry

by Karl Theodor Jaspers (1883-1969), who was a German psychiatrist and later an
existential philosopher, but it is not he who invented it. This methodological concept
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was introduced in order to distinguish the method of history from that of natural
sciences by German historian Johann Gustav Bernhard Droysen (1808-1884). Then
German philosopher Wilhelm Christian Ludwig Dilthey (1833-1911) adapted it
from history to psychology. Dilthey endeavored to establish a methodological basis
of human sciences (Geisteswissenschaften in German) and proposed understanding
(Verstehen) as the distinct and essential methodology of them, opposed to explana-
tion (Erkldren) characteristic of natural sciences. Understanding is a subjective
method based on empathy and imagination, contrasted with that explanation is an
objective method based on some theory or logical interpretation.

Because psychiatry is not a pure natural science like other disciplines of medi-
cine, but an interdisciplinary field comprising natural, human and social sciences,
it was reasonable that Jaspers adopted understanding as a principal method of
psychiatry, besides causal explanation. In the monumental textbook “General
Psychopathology (Allgemeine Psychopathologie)” [1, 2] (abbreviated as GP in the
following), he urged psychiatrists to consider the difference between psychical
symptoms and somatic symptoms, that is, the former is subjective and the latter is
basically objective. Causal explanation can only be applied to objective phenomena
and so-called “psychological explanation” should exactly be called understanding
as far as it is purely subjective.

At the time Jaspers published the first edition of GP in 1913, he was facing and
had to oppose the then propagating influence of psychoanalysis. He pointed out
the methodological weakness of psychoanalysis in various ways and character-
ized it as “pseudo-understanding” or “as-if-understanding (Als-ob-Verstehen)” in
which plausible but fictitious interpretation is mistaken for understanding (GP,
pp- 306-7).

It is important to note that Jaspers also emphasized the limitation of under-
standing. He writes, it is not that the psyche can only be understood and cannot be
causally explained, but it can also be explained. While explanation has no limits,
as it continues to widen the range in proportion to the progress of neuroscience,
“with understanding there are limits everywhere” (GP, p. 305), as it is only based
on our innate ability of empathy and imagination. Also, he writes, “Understanding
by itself does not lead to any causal explanation except in indirect fashion when it
happens to come up against the un-understandable” (GP, p. 305). In other words,
understanding indicates the existence of a pathological process in the human psyche
not by its ability but by its inability. This is the seemingly paradoxical feature that
makes the concept of understanding look somewhat confusing, but also makes it
unreplaceable by any other concepts.

3. Psychosis as the un-understandable

There are common misunderstandings of Jaspers’ characterization of psychotic
disorders as the “un-understandable”. Some clinicians take un-understandability
for disorder of communication often seen in chronic cases of schizophrenia. As
such cases often show thought disorder in which logical and verbal rules appear
disrupted, resulting in difficulty of communication with others, the expression
“schizophrenia is un-understandable” might often be misunderstood as describing
such a situation. However, the right meaning of “schizophrenia is un-understand-
able” is that psychic phenomena characteristic of schizophrenia cannot be imagined
and relived by healthy people. “Understanding” of Jaspers’ meaning is not at all
related to logical or verbal thinking.

Another misunderstanding of the un-understandability of psychosis is that
it is taken for indicating the impossibility of scientific elucidation of psychosis or
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schizophrenia. Whereas Jaspers was critical about the premature adoption of the bio-
logical explanation of psychotic disorders, accusing such attempts as “brain mytholo-
gies” (GP, p. 18), he did not deny the possibility of the future success of such scientific
research for the cause of psychosis in the brain. In fact, his characterization of psy-
chosis as the un-understandable implies the necessity of biological research, because
when understanding faces limitations, he writes, “each limitation is a fresh stimulus to
formulate the problem of cause anew” (GP, p. 305). Jaspers believed that schizophrenia
should have some biological cause, which is gradually appearing as un-understandable
symptoms and eventually bringing the person into a sterile deficient state.

Psychosis in the meaning of Japers is not confined to schizophrenia. It includes
mood disorders, although in the classical definition of the cyclic appearing of severe
affective symptoms. While the diagnostic criteria of mood disorders have been
significantly broadened since his era, resulting in the inclusion of people without
any psychotic nature, Jaspers’ definition of mood disorder was much narrower,
confined to severe depression (melancholy) and bipolar disorders (manic depres-
sive illness). He characterized it as psychosis, not because of the existence of
hallucinations or delusions like modern operational diagnostic systems, but because
of un-understandability in the same meaning as schizophrenia.

What is, however, the sameness between schizophrenia and severe mood disorder,
if it is not the existence of hallucinations or delusions which are un-understandable
symptoms? It might be said that those two have disorders in reality testing in com-
mon from the behavioral viewpoint. While, from Jaspers’ viewpoint of understand-
ing, because the experience of mood disorders is fairly understandable on the basis
of normal affective life, it seems to differ from schizophrenic experience that is
un-understandable. Un-understandability of mood disorders exists not in the mood
itself, but in its manner of appearance. That is, affective symptoms in mood disorders
appear cyclically with a certain period like automatic machinery, almost not at all
related to incidents in mental life. Patients feel sad or cheerful for a certain duration
without any incidents that are understandable by others to induce those affects. This
is the meaning of un-understandability of mood disorders.

The two major types of psychosis, schizophrenia and mood disorders are thus
defined as the “un-understandable”. Then another question might arise: why there
are only two types in psychosis? The author’s answer is based on Kraepelin’s princi-
ple of dichotomy, that is, disease process without regard to pathogenesis could only
be classified into two forms, chronic-progressive and acute-recurrent. In addition,
the chronic-progressive process implies gradual diffusion and the acute-recurrent
process does localized irritation. Therefore psychosis also should be classified
almost necessarily into two corresponding forms, chronic-diffuse and acute-local,
whose actualizations are schizophrenia and mood disorders respectively. Thus the
“un-understandable” manifests itself as gradually permeative in schizophrenia,
whereas in mood disorders it does as mechanically cyclic.

4. Psychosis, responsibility, and self-understanding

One reason, and the most important one from the sociocultural viewpoint, why
the psychopathological distinction between psychosis and various psychogenic
states should be defined is that it matters forensic judgments on responsibility for
illegal acts. A person afflicted with the severe psychotic disorder would not be
punished because of a lack of responsibility for illegal acts, which are supposed to
have been executed by lack of reason resulting from the disorder.

Here it is to be clarified what is lack of reason because the meaning of the word
“reason” is quite ambiguous. Concretely, it can be classified into three categories.
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The first is the insufficiency of the ability for distinguishing right from wrong,
which is represented by people with intellectual disabilities or dementia virtually
equated with children. The second is acute confusion with impairment of con-
sciousness, which can be induced by intoxication by alcohol or other psychotropic
substances, and also by epileptic disorders. In principle, memories of the behavior
are disturbed in these cases. The third category is the most complicated cases,
namely, people with schizophrenia or delusional disorders, who are with sufficient
ability for telling right and wrong, and without any impairment of consciousness.

Then, what is the reason why people with schizophrenia or delusional disorders
are thought “without reason”? It is because their delusions are, although often
wrong in content, never correctable by any factual evidence or sincere persuasion.
In other words, the patients lack the ability of “reality testing”, as they take their
delusions as more real than the reality shared by others intersubjectively.

However, an important question remains: what is the difference between
the delusions of the patients and queer thoughts held by, for example, religious
minorities? Is it that whereas a psychotic delusion is held only by a patient, a
religious belief is held by, however small it is, a collective? However, this question
is ultimately insoluble, because there is always a possibility of the existence of
co-believers of the thought, especially in the contemporary setting in which queer
religious and other kinds of thoughts are scattered and pervading through the
internet without forming any physical collective.

It is, therefore, necessary to define the essential deficit of the patients with
psychotic delusions, which justifies the lack of responsibility, without being based
on the content of the belief. The concept of understanding is here again useful as
shown in the following.

Let us think about a typical legal case of a person with schizophrenia. He com-
mitted a kind of crime, for example, violence against a woman. He accepts that it is
a fact that he executed brute force on her, but he does not accept that it was directed
by his intention. He does not mean that it was an accident or a mistake, and he has
a clear memory about the violence he employed. What he insists is that whereas the
violence was executed by his body, it was directed by another person’s intention,
that is, the agent of his body was not himself at that time. It is a quite irrational
statement, which describes an un-understandable experience that we, the psychi-
cally healthy, cannot relive or imagine.

The reason why delusional patients should be thought irresponsible is, however,
not the fact itself that their experience during the criminal acts is un-understand-
able by the healthy people. If it was the reason, it would be in effect the same situa-
tion as the queer thoughts held by the minorities. The true reason is the fact that the
patient himself cannot understand his own intention. Our voluntary acts are based
on our intentions and the connection between our intentions and our acts is always
understandable without any verification, which is the basic fact for the responsibil-
ity. In the psyche of people with schizophrenia, however, the connection is broken
and becomes un-understandable, so that the agent of his acts is lost and found in
another, often undesired horrible person. Therefore the patient was himself hor-
rified when he executed the violence. In this way, the un-understandability of the
insistence of people with psychotic disorders stems from the un-understandability
of their own intentions, so to speak, a disorder of self-understanding.

5. Self-understanding as the basis of self-disorder

Disorder of self-understanding has much broader significance than that has
within the range of forensic psychiatry. With regard to general psychopathology
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of schizophrenia or psychosis, it could be thought to constitute the basis of various
“bizarre” hallucinations and delusions, generally called ego disorder (Ich-Stérung)
or self-disorder, for example, verbal hallucinations criticizing or commenting on
the patient, passivity phenomena and delusion of observation. Although Jaspers
characterized schizophrenia as the un-understandable and therefore incom-
prehensible, it seems rather consistently comprehensible from the viewpoint of
self-disorder, as once Kurt Schneider (1887-1967) and lately phenomenological
psychopathologists have maintained [3-5].

Whereas the self is what should be the most understandable for us, because it is
the very basis of the understandability of the world which we live in, nevertheless,
it becomes un-understandable for the patients with schizophrenia. When the self is
un-understandable, all the percepts coming in from the outside or even from inside
the body become mysterious and alienated, resulting in the entire world being
opaque and un-understandable. Furthermore, they cannot effectively respond
to and resist the situation, because their own intention also becomes alienated,
remaining their bodies impotent and paralyzed. Thus various bizarre and un-
understandable complaints and disorganized behaviors that the patients show are
to be comprehended as manifestations of the predicament into which they are being
fallen and their desperate striving against it.

6. Summary

Modern operational diagnostic system like DSM-5 lacks the essential concept
for defining psychosis [6]. Understanding and un-understandability are, although
somewhat confusing because of the paradoxical feature, and too ambiguous from
the viewpoint of operationalization, still necessary concepts for psychiatrists to
make clinical practice effectively. Also, there seems to be a need for the develop-
ment of the concept of self-understanding, based on that of understanding, for
deeper comprehension and more sensible treatments of psychotic patients.
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Chapter2

The Axiological Structure in
Psychosis

Francisco Martin-Murcia and Adolfo . Cangas

Abstract

In this chapter the value structure will be described as one of the essential
existential foundations from a phenomenological perspective. Psychosis could be
understood as the result of structural modifications of the self in anchoring the
lifeworld. These modifications would mainly be due to failure in the construction of
intersubjectivity and therefore of the common sense or basic intuitive tuning of the
social world. This failure precisely involves the axiological component of psychotic
being-in-the-world, so its description will be emphasized, along with its peculiari-
ties and similarities to other ways of functioning of this axis of values, both adapted
and pathological. This approach will be observed in terms of its therapeutic possi-
bilities for the improvement and removal of the so-called negative symptoms. These
are the warhorse for true recovery, understood as a personal and unique process for
the clarification, development, adjustment of attitudes and values, affectivity and
skills in social roles that can lead to a satisfactory and hopeful way of life. Those
interventions that try to create a new existential situation or being-in-the-world

will be described.

Keywords: Phenomenology, Psychosis, Schizophrenia, Values, Psychotherapy

1. Introduction
1.1 Theoretical foundation

Attempting to summarize the value structure in psychosis first requires defining
three concepts: structure, values, and psychosis. Structure is understood as the rela-
tionship maintained between the different parts of a whole or the way in which said
parts are organized in relation to the whole. For the purposes of the subject addressed
in this work, the parts which we are concern with would be values. Their structure
would determine the whole, which, as will be explained, is a reference to the human
person [1,2].

What are values? According to axiology—the philosophical discipline based on
the value of things—values can be defined as those aspects that give meaning to
things. Together, they will determine the behavior of an individual, depending on
the importance they possess. Thus, values can be conceptualized as those attitudes
whose function is to regulate our behavior. Surprisingly, however, despite being a
key aspect in the construction of the individual, values have scarcely been studied
in the field of psychosis [3].

The final element to define would be psychosis. The definition presented here
will not address the well-known formal diagnostic systems (DSM-5 and ICD-11),
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albeit they are also classically discussed [4]. Instead, following a more phenomeno-
logical description, psychosis is understood more as a peculiar construction of the
being-in-the-world, whose essential manifestation would be the “loss of common
sense” or of natural evidence, caused by, among other factors, focusing on psycho-
logical processes that go unnoticed in other people [5, 6].

In this sense, it is also worth considering that the positive symptoms in psychosis
(e.g., hallucinations, delusions, grossly disorganized or catatonic behavior) could
well be the manifestation of more basic characteristics related to negative symp-
toms. Apathy, abulia and demotivation could in turn be the result of the lack of
anchoring and fitting in with to the interests or social values of other people. In fact,
it could be said that these negative symptoms are not simply located in the realm of
affectivity; instead, they would exist as result of the specific relationship that the
individual maintains with the oneself and towards the world. Both are not given
separately or added but are to be understood as the basic being-in-the-world.

From this perspective, psychosis would be understood as the result of structural
modifications of the self in its anchoring in the world-of-life, given the flaw in the
construction of intersubjectivity and therefore common sense, understood as the
basic intuitive tuning with the social world [6, 7].

1.2 Therapeutic approaches

In fact, the therapy session itself, not focused on the symptom, is the context
that would present an opportunity for the development of intersubjectivity. The
patient would have the chance to learn to feel what it is like to have things in com-
mon with others and experience feelings of acceptance and everyday life. Not in
vain, the self-in-company is the barometer of the being-in-the-world [5].

In this regard, it is noteworthy that in recent years a great deal of therapeutic
efforts made among patients with psychosis and severe mental disorders have
resulted in strategies aimed precisely at attempting to restructure life’s sense
and, therefore, values. This approach leads to a more fulfilled life experience. For
example, in the approach known as Open Dialog [8], listening emerges as a more
important variable than the intervention method,; it specifically allows the reduc-
tion of uncertainty while also revaluating the social support system. This grants
greater responsibility to both the family and the patient to discuss life situations and
to manage their lives more confidently.

Similarly, another alternative with phenomenological roots, practiced by mental
health patients on their own, is the Power Threat Meaning Framework [9], a psy-
chiatric diagnosis process proposed by the Division of Clinical Psychology of the
British Psychological Society. In this case, symptoms would be understood as sur-
vival strategies against adversities and their meaning would always be related to life
circumstances. Faced with threats (in relationships, identity, values, discrimination,
emotions) generated by negative impacts of power (biological, coercive, legal, eco-
nomic, cultural, interpersonal, or ideological forces), the patient will attempt to assign
them meaning (beliefs, feelings, and physical reactions) and respond to them. These
responses may include aggressive behavior, unusual sensory perceptual or cognitive
experiences, catatonia, dissociation, hearing voices, weakness, affective flattening,
indifference, submission, paranoia, panic, depersonalization or derealization, among
others. The aim of this framework is to gather strength, enhance the socio/family
support resources of each patient, in order to empower them and rebalance their life
according to the values of justice, equity, personal safety, belonging, direction and
agency. In this way, this approach would help patients to have an existence with sense,
meaning and purpose. The above examples involve the generation of contexts that can
revaluate existence, beyond traditional bio-medical framework.
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In addition, it can also be proposed that delusions, alterations in discourse, the
experience of corporeality and the temporality, paranoidal or schizoidal ways of
interacting would be —once the phase of confusion had been overcome—completely
self-evident to the psychotic person. This would be their personal “anchoring in the
life-world”. The need to anchor oneself —to be anchored—would imply that these
phenomena would be evident to those individuals who lack common sense or the
sense of belonging to the world of others. In fact, the human person model by [1]
emphasizes the idea that the psychotic experience is a prototypically universal effort
to construct a valuable and authentic sense of the self.

1.3 Life experiences of psychotic patients

However, any specific characteristics would stem from the complex experi-
ences of the psychotic self which distance it precisely from certain socially adaptive
values. They would therefore become barriers against achieving an acceptable level
of wellbeing. Aspects related to work, sentimental relationships, raising a fam-
ily, academic development and economic autonomy, leisure and social activities,
health and general wellbeing tend to be either extraordinarily deficient or simply
inexistent. It seems quite logical then that severe cases of psychosis appear during
adolescence, precisely at a critical moment in the construction of the self. This
development of the self would thus take place in the turbulent waters of the differ-
ent conflictive roles (even ambivalent and antagonistic) which the individual will
face as they evolve as a person [2].

Late-life psychosis also tends to develop in conflictive contexts or in complex
existential transits, which would require a personal transformation not exempt
from difficulties and risks. The Heideggerian concept of the human being as a tran-
sient and rational being and, therefore, narrative would imply the idea that living is
always difficult. Overvaluation of the inner experience would result in an ontologi-
cal catastrophe [10]. This private experience is a continuous flow of events, in which
the event (“what arrives”) impedes any feeling of having completely experienced
what occurred [11]. This prompts the individual to experience events as not their
own (since they are not possessed, and instead simply appear). Such events tend to be
the object of overvaluation or hyper-reflexibility, whereby psychotic self-reflection
is the “active stinger of the soul” [12]. In addition, this hyper-reflexibility occurs in
different psychopathological conditions [13].

The life experience of certain psychotic individuals would therefore not cease
to be a continuous and complex component. And that idiosyncratic environmental
and behavioral history is what influences the experience of remembering, think-
ing, or feeling in the present. This refers to the world in which people exist; this
world would arrive before the ideas created about it. This implies, in the words of
Heidegger, that the individual must first remain “under the empire of Others”.

The predefined types/models of life or values can be achieved, lived, under-
stood, or accepted or not. It must be noted that values, as the guiding horizon
which human beings migrate towards, and are therefore ingrained in them as
psychological beings, cannot be reduced to a process of reasoning. Values cannot be
accessed analytically because they are there (whether we want them or not). Thus,
it is deduced that values will naturally be conditioned by different social-relational
aspects.

1.4 Values of psychotic patients

It is important to consider some of the values engrained in the world of a person
with psychosis when analyzing values. As previously discussed, their world is
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phenomenologically different from the common-sense world. It is normally associ-
ated with a sense of eccentricity or exceptional nature, which are believed to be
“given”, not chosen. In fact, it is observed that the axiological structure in psychosis
features a preeminence of eschatological values that give great meaning to the life
experience of patients. Thus, the feeling of idionomia or exceptionality and radical
uniqueness is quite common [3]; the psychotic individual gives a meaning to events
upon which they build a special —exceptional— identity. The events regulate their
consciousness and life action, orienting them towards metaphysical existential
planes, perhaps with a different mission or purpose from the objectives or goals
common to their social environment. In Jaspers words [12] “the patient is person-
ally important as a discoverer ... his days are filled with meaningful mental work”.
These eschatological values will be the center of gravity upon which the psychotic
individual will sustain their actions and consciousness. This will remove them from
other constitutive values which will probably remain frozen due to the enormity of
their psychotic experience.

This disconnection from the pragmatic life and the distancing from the social-
family context prevent the psychotic individual from learning essential lessons
for interacting with the world. This peculiar case of self-absorption is common in
modern societies [14]. According to Taylor [15], the dissolution of moral horizons,
as a paradigm of modern society, would leave life with no ground to anchor itself
onto given the loss of the sense provided by said horizons. In this way life could
become what Nietzsche would called “a pitiful comfort” [15].

For example, a value that is usually common in a person with schizophrenia
is spirituality. Their urgency to show it to others is common, so it is shared with
everyone. As the objective of proselytism is to be praiseworthy a priori, it can also
be characterized by a lack of empathic intuition; possibly generating a history of
social rejection. These idiosyncratic values should not be easily confused with
abnormal beliefs. Instead, they must be recognized as the world of the person in
order to be modulated or adjusted in therapy [16]. This adjustment process would
help the patient to untangle themselves from this egoic existential position. In turn,
self-reflexivity would partially cease, allowing them to go beyond the oneself. This
would result in an axiological reconstruction of the self by the Self-for-Others. The
goal is not to invalidate the spiritual proselytism position, which is legitimate (we
must remember that eschatological missions are not chosen sensu stricto, but are
experienced as given), but rather to learn to experience sharing life, with no other
function than to being-in-the world.

1.5 What patients suffer from

A common observation in the literature on the social integration of individuals
with acute psychosis is the existence of severe problems with socio-labor insertion,
intimacy, interpersonal communication, and sexuality. This results in a high level of
suffering, which is substantially reduced when changes take place in these aspects
[17]. The issue is that the lack of social experiences (from avoiding rejection,
stigma, being misunderstood, etc.) impedes learning; it also complicates personal
orientation towards other personal values. These are precisely the values which
could be addressed at certain moments of the therapeutic process.

Survival against stigma, exclusion, and failure, due to the limitations that patients
with psychosis suffer from, is a very complex situation. Competing within social
function frameworks characterized by the paradigms of individualism and competi-
tiveness is a serious problem, whereby achieving a valuable identity is a very difficult
accomplishment. Therefore, it is quite likely to experience feelings of failure, inad-
equacy, shame, and exclusion, which are indeed forms of personal suffering [9].
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Axiological structure will always involve a relationship of the world of the
person with others. It involves social values that do not depend merely on individual
decisions or processes; they are as much a part of the individual’s difficulties and
interests as the actual characteristics of their world. It must be noted that the world
is lived on occasions as a whole, making it important to reconstruct the “real” or
objective world, which would include friends (probably limited in number), family
(generally highly conflictive) and the general population (with high levels of
stigma, social distancing and rejection). We must bear in mind that the clarification
of the value system is not an analytical dissection.

The “existential ground” where the ethical-moral structure is generated is not
a series of items or reasons [15]. It is evident that this structure can and must be
chosen, fully committing to the direction that each human being must take in their
life. However, it should be noted that axiological structure is already given to us in
the world we exist in. Thus, this existential structure of the world-out-there should
also be clarified and wholeheartedly accepted.

It is also important to bear in mind that certain values could be conflictive in
personal development. Some components of modern culture, whose maxim is
self-realization and therefore emphasizes being “true to oneself”, could specifically
reinforce individualism and solipsist thinking. But this occurs not only in psychosis;
eating disorders are an example of characterological formation based on perfection-
ism, control, and excessive individuation. Loyalty to that structure of egoic values,
which can be useful on occasions, certainly limits and stifles existence itself [18].
Life could become clogged by a blindness to be “someone exceptional” (It will be
pointed out, therefore, that any therapeutic effort should be directed to achieve a
certain psychological flexibility that allows relativizing loyalty to this private world,
above all if that position, both stubborn and defensive, distances the patient from
the ordinary world of life).

2. Working with the axiological structure
2.1 Therapeutic dialog

In phenomenological approaches, it is understood that therapeutic sessions need
not merely involve a logging of symptoms. Even initial phases, more focused on evalu-
ation and establishing connection, are potentially valuable and enlightening moments.
They can be used as opportunities to search for meaning and recognition — key
moments for understanding and clarifying the value structure — from which a great
deal a person’s experience and actions originate [16].

As previously discussed, the therapeutic relationship itself is a magnificent
opportunity to create a meaningful relationship. Even when listening and dia-
log first begins, contributions can be made towards developing a more robust,
pre-reflexive self-awareness [19]. More than being in the presence of the con-
tents of consciousness, it is a form of being that comes before them. To achieve
greater existential adjustment, a dialogical transformation must occur as living
is tantamount to being-in-the-world. Intersubjectivity is enhanced during the
process of mutual recognition, which is such a convulsive aspect of the psychotic
experience. In this way, the value structure that moves the person can be under-
stood, making it possible to equip patients with greater psychological flexibility.
This will be necessary to both identify values and reveal the common conflicts
between them.

The key is, if axiological structure regulates behavior, then its adjustment will
allow greater empowerment for a better existential commitment. The literature
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establishes that psychological recovery among this population refers to establish-
ing commitments, which must focus on constructing a life with meaning, as well

as a positive sense of identity. According to [20], the experience of oneself must

be based on hope and self-determination. The therapeutic process encourages
hope, redefines the identity based on an existential sense and helps the patient to
take responsibility for their recovery. This must be approached as an ethical-moral
orientation, that is, as a philosophy or life orientation [21]. Therapeutic progress is
more than the reduction of positive symptoms; it is a way of being in front them, in
front oneself and in front of the world-of-life.

2.2 Clarification of values

However, this world is difficult though because, as Jaspers states, living is a
“controversy with the world”. There is always difficulty when reorganizing the value
structure, whether addressing the level of confusion, disinformation, or disorga-
nization that the psychotic individual has over themselves. Yet, it is important to
highlight one of the key life experiences in the existence of a person with psychosis:
fear and suffering, in either the present (oppression, anguish, confusion, stigma)
or co-present (avoidance of intimacy, apathy, laughter out of context, metaphysical
stubbornness, distancing from the world).

An additional difficulty in the value identification process tends to be the defen-
sive disguising of intense malaise. That co-present fear, hidden or even buried in
cognitive-emotional paralysis or in one’s own self-absorption, needs to be lived and
made conscious so it may be elaborated, understood, and accepted. This is a basic
therapeutic condition that makes it possible to advance beyond the unrevealing of
personal values.

Even apathy could be understood as a way of being. The function of this way of
being-in-the-world would provide a sort of anesthesia for feeling. When a feeling
is incomprehensible, unmanageable, or experienced with strangeness, it is to be
expected that they will flee from it. The proposal would be to face these phenomena
of living; everything has a purpose, meaning and function. The conflicts derived
from the experience of fear allow more effective access to the world of values and
their personal worth [9].

If the experience of constructing a sense of the self is eminently intersubjective,
it is necessary to create non-invalidating meeting spaces, both in the therapeutic
setting and in the formation of natural groups. Experiencing identity includes an
axiological structure that must be identified to produce a practical self-knowledge
that allows the patient to know how to direct their own life. In this sense, it is worth
noting that discussion about the meaning of values benefits from a natural frame-
work, featuring, for example, the participation of more therapists, mutual support
groups and family, as in the Open Dialogue approach [8].

Giving the patient with responsibility implies respect for their opinions and
their participation throughout the entire process. There is evidence of a therapeutic
benefit showing that clinics help to generate different perspectives in which these
values in conflict can coexist [22].

2.3 Values and therapy
Thus, therapeutic approaches that could offer an opportunity to identify axi-
ological structure in this population, observe conflicts between the values at play

and empower the psychotic patient to deal with obstacles in order to have a life
committed to said values, would be those which:
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* Seek to capture subjective aspects, namely, the phenomenological experience
of the person, removed from psychopathological categories.

* Observe the complexity of life itself and explore feelings, values, personal
meaning and experience.

* Accompany the patient in the difficult commitment of choosing their life,
accepting the unfinished aspects of their life project.

* Disentangle from their mental processes when self-reflexivity fails to help
them transcend.

¢ Allow ambiguity, as this will teach the patient to tolerate it.

* Successfully manage to make therapeutic contact truly meaningful, creat-
ing a comprehensive space that allows patients to feel and do from within
themselves; therapist and patient can always present interpretations from the
being-in-the-world of the patient (their self and the particular circumstances).

* Allow the patient to experience desperation, in order to understand their
stagnation and the feeling of blocking or impairment of the horizon of their
future; only from there can the patient collaborate in their own activation
towards life, when that is precisely their goal.

* Follow the idiosyncratic scripts of life and that which occurs in therapeutic
here-now relationships, rather than prejudicial constructs.

The therapist will be an example of Other in the relationship history of the
patient; this will be crucial to the change process given the importance of Others
in the construction of the person, as previously explained. For this reason, it will
be necessary to address the basic components of the therapeutic session: material
production (essentially verbal behavior, but other types of interpersonal behav-
iors as well, of course), analysis (essentially comprehensive) and the therapeutic
relationship (alliance and closeness).

All resistance will be understood as kinds of behavior which make attempts
at experiential avoidance. It will be necessary to understand and respect them so
they can be addressed when the psychotic individual is ready. In this way will be
reminded that these behaviors function as protective strategies that have been
assigned meaning.

The change in therapy should not be directed to stop being who one is, but to live
with another perspective in the face of the challenges of one’s own existence. Some
of these challenges are the construction of a valuable identity and the search for
meaning of what happens. And this will always be done on the fundamental basis of
the person: the axiological structure of him.

3. Conclusion
The phenomenological perspective on how to understand psychotic problems
makes it possible to stay ahead of phenomena precisely as they occur. Doing so

avoids prejudiced constructs that obscure the there-given [23]. It eliminates repre-
sentational aporias and mechanistic paradigm removing them from the experiences
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of patients with psychosis. In this way, models focused on the human person [1, 2]
understand psychotic experiences as phenomena linked to normal psychological
development.

People with psychosis will make a great effort to construct a valuable sense
of themselves. They understand themselves according to their life experience, in
which they construct their social identity and their self in a context; this is the
being-in-the-world.

While making this effort, their behavior would deviate from practical actions
in life, receiving responses of rejection, stigma, and failure, keeping them even
further distanced and absorbed in their private events. Their axiological structure
would remain in a state of adolescence or frozen.

The therapy process could help to clarify and endow the patient with more adap-
tive personal values. It is necessary to provide and find therapeutic settings that
allow the meaningful experience of identity to be valuable, reconnecting the patient
with the world-there-given as a horizon. It is important to make the transition from
the prototypical monological life experience of schizophrenia to a dialogical one.
The phenomenological approach is undoubtedly one of the most encouraging com-
prehension and intervention perspectives for this type of mental health problems. It
is responsible for verifying that the recovery of negative and emotional symptoms,
as well as the emotional component of psychotic experiences, are related to socio-
community functioning and obtaining a valuable life experience [24].

The phenomenological perspective would also be at the base of the new move-
ments in mental health. The Open Dialogue or Hearing Voices approaches emphasize
the experience of the person and the problematic experiences. They allow to
understand them in the social and family context. The processes of psychological
change are related to present values.

Likewise, in phenomenological approaches the value of the symptoms is inserted
in the life of the person. For this reason, the work on negative symptoms, basic in
the axiological anchoring of the person, becomes highly relevant.
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Abstract

The aim of this chapter is to summarize the state-of-the-art knowledge of
clinical staging in schizophrenia spectrum disorders. Clinical staging has been
introduced to psychiatry in the past two decades. Its primary goal is to divide the
course of the disorder into recognizable stages based on seriousness, development
and symptom characteristics in order to better predict prognosis and to adopt the
most appropriate treatment strategies. The first staging model was developed in
1982. Since then several distinct concepts of clinical staging in psychiatry have
emerged. To date, there is no clinical consensus regarding which staging model is
the gold standard, nonetheless when merging them together an integrated staging
concept arises. The integrated staging model of schizophrenia spectrum disorders
is composed of four stages. The chapter will introduce the different staging models
in a historical order as well as present the integrated staging model detailing the
characteristics, timeline and dominating symptoms of each stage. Appropriate
treatment strategies for the distinct stages will also be outlined.

Keywords: schizophrenia spectrum disorders, clinical staging

1. Introduction

Schizophrenia spectrum disorders (SSD) are a collection of psychotic disorders
defined by abnormalities in one or more of the following symptom domains:
hallucinations, delusions, disorganized thinking, catatonic behavior and negative
symptoms [1]. The word ‘spectrum’ has been first added in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-V) [1, 2], reflecting
the notion that psychiatric disorders lie on a spectrum with no sharp boundaries
between them [3, 4]. According to the DSM-V, SSD include schizophrenia, schizo-
phreniform disorder, schizoaffective disorder, delusional disorder, brief psychotic
disorder, psychotic disorders due to another medical condition or substance/medi-
cation, and unspecified or specified schizophrenia spectrum and other psychotic
disorders [1]. The prevalence rate for SSD is estimated to be 7 per 1000 [5], with
higher rates in men than in women [6]. Currently, there are over 21 million people
who are affected by this condition [7]. Diagnosis is made along a spectrum of symp-
toms and severity via clinical interviews as no confirmatory and diagnostic labora-
tory nor radiological tests are available [2]. Although schizophrenia represents only
about one third of the SSD cases [8], it is the most researched disorder out of all [9].
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Besides the internationally used diagnostic systems such as DSM or the
International Classification of Diseases (ICD), there is another, complementary
form of classifying psychiatric disorders called clinical staging [10]. First intro-
duced in cardiology and oncology [11], clinical staging is different from the conven-
tional diagnostic practices in a sense that it does not only define the extent of illness
progression but also where a patient lies within the course of the disorder [10]. The
basic assumptions of clinical staging are that (a) treatment in the early stages of
the disorder is more efficient, (b) patients experience greater symptom severity in
the later stages of the illness, and (c) the process of transferring to a later stage is
connected with a typical clinical profile [12]. Although clinical staging as a model
for classifying the development of disorders had been ignored in psychiatry in the
past, several concepts have emerged in the past few decades [11]. The primary aim
of clinical staging is promoting recovery in the early stages of psychiatric disorders
as well as preventing progression to later stages [10]. Importantly, clinical stages
of psychiatric disorders can be defined by many different aspects from symptom
severity and persistence, through neurobiological changes, to the emotional
processes that happen within the patient [10]. In this chapter, we aim to present,
summarize and synthetize the clinical staging concepts of SSD through a system-
atic review.

2. Clinical staging concepts of schizophrenia spectrum disorders

The systematic review was conducted in November 2020 using the MEDLINE,
EMBASE and Cochrane databases from 1999 with the following search terms:
‘stage/staging’, combined using the Boolean ‘AND’ operator with ‘psychiatric
disorder/schizophrenia/ psychosis/psychotic disorder’. Additionally, a manual
search was also performed. Titles and abstracts were screened by one of the authors
(Zs.D.) and relevant articles were independently assessed by two authors (A.B. and
Zs.D.). English-language articles published in peer-reviewed journals describing
complete staging models on SSD or psychiatric disorders, in general, were eligible to
be included in the chapter (inclusion critera).

As a result of the systematic search, a total of 2045 articles were identified. After
reviewing the abstracts to exclude those which clearly did not meet the above-
mentioned criteria, 27 articles remained. Of these, 9 articles were included in the
final review.

2.1 The Hoffman staging concept

Although most reviews do not count the staging model of schizophrenia pro-
posed by Brian Hoffman in 1982, it can be considered to be the first attempt to
divide the course of the disorder into recognizable stages [11, 13]. In his concept,
Hoffman described the stages of schizophrenia based on the patient’s reaction to
his or her symptoms, beginning with anxiety (stage 1) and ending with accep-
tance (stage 5) (Figure1) [13]. In the early phase of schizophrenia, before the
first episode, the patient goes through considerable changes in their behavior and
experience disturbance in thinking which can result in fear and anxiety or even
anger [13]. Then, during the first episode of schizophrenia, the patient experi-
ences a stage of denial (stage 2) where they no longer acknowledge that they have
problem mainly due to excessive positive symptoms [13]. The third stage is about
ambivalence, where the patients begin to have some insight into their disorder but
might reject medication and go through multiple hospitalizations [13]. Before the
final stage, acceptance (stage 5), there is a stage of depression (stage 4) where the
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STAGE1 STAGE 3 STAGE S
Anxiely Ambivalence Acceplance
@
STAGE 2 STAGE 4
Denizl Depression
Figure 1.

The Hoffman staging concept.

patient realizes the seriousness of the disorder [13]. During this stage it is important
to monitor the patient to prevent suicide and alter the medication doses accordingly
[13]. Although this staging concept is different from the others, it recognizes the
importance of taking into account the patient’s emotional response to his or her
symptoms and the progression of the disorder which is now considered vital in a
modern, person-centered care [14].

2.2 The Fava and Kellner staging concept

The first staging model of schizophrenia is attributed to Fava and Kellner who
proposed their concept in 1993 [11, 15]. According to their model, schizophrenia
starts with a prodromal stage (stage 1), where mainly negative and affective
symptoms are present with considerable deterioration in functioning (Figure 2)
[15]. The second stage is the acute episode of schizophrenia, dominated by positive
symptoms [15]. The residual or third stage is described by the absence of posi-
tive symptoms and increased presentation of negative symptoms (resembling to
stage 1) [15]. Finally, the authors differentiate between subchronic (stage 4) and
chronic (stage 5) phases based on the duration of the illness; if it persists more than
6 months but less than 2 years then it is stage 4, if it is present for more than 2 years
then it is stage 5 [15]. Additionally, it is also emphasized that a “rollback phenom-
enon” can also occur where patients in stage 2 progress to stage 1 instead of stage 3
and achieve remission eventually [15].

STAGE 1 STAGE 3 STAGES
Prodromal Residual Chronic
O
STAGE 2 STAGE 4
Acute episnde Subchronic
Figure 2.

The Fava &% Kellner staging concept.

2.3 The staging concepts of Lieberman and Insel

According to Lieberman, schizophrenia is composed of three pathophysiologic
phases described in four stages [11, 16]. The first is the neurodevelopmental or pre-
morbid phase which begins in early adolescence or even sooner and is characterized
by mild cognitive and social impairments (stage 1) (Figure 3) [16]. Then the second
phase is the neuroplastic phase which can be further divided into prodromal, and
onset and deterioration sub-phases and is referred to as stage 2 and 3 in the model,
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STAGE 1 STAGE 3
Premorbid Onset /
| Pre-symptomatic deteriorative
risk | Acule psychosis

STAGE 2 STAGE 4
Prodromal Chronic / residual

| Pre-psychotic | Chronicillness
prodrome

Figure 3.
The staging concepts of Lieberman and Insel.

accordingly [16]. Throughout the prodromal stage besides the above mentioned
deficits, mild psychotic symptoms might be already present which lead to a full-
blown psychosis during the onset (stage 3) [16]. The final pathophysiological phase
is the neuroprogressive one, which is described as the chronic or residual stage
characterized by considerable negative and cognitive symptoms as well as further
psychotic episodes [16]. Lieberman recommends the use of antipsychotic medica-
tion only after the onset of the first psychotic episode [16]. Similarly, to Lieberman,
9 years later Insel also identified the same stages of schizophrenia albeit with
slightly different names; pre-symptomatic risk (stage 1), pre-psychotic prodrome
(stage 2), acute psychosis (stage 3) and chronic illness (stage 4) [17, 18]. In his
staging concept, he also details the features, diagnosis, disability and intervention at
each distinct stage [17].

2.4 The Singh staging concept

The staging concept by Singh and colleagues focuses predominantly on the chro-
nology of psychosis onset [19]. Their model beings with the prodrome (stage 1),
which is further divided into two parts; a period of unease (P1) and a period of
non-diagnostic symptoms (P2) [19]. Then, the second stage is when the first
psychotic symptoms appear, which refers to positive symptoms such as delusions
and hallucinations [19]. Before receiving a definite diagnosis (stage 4), there is an
intermediate stage where the symptoms build up, and there is already a diagnostic
impression of schizophrenia (stage 3) [19]. Although this staging concept does not
describe a complete model of SSD, its detailed description of the beginning of the
disorder made it worthy of being included in this review (Figure 4).

STAGE 1 STAGE 3
Prodrome Build-up of symptoms
([ )
STAGE 2 STAGE 4
First psychotic Definite
symptoms diagnosis
Figure 4.

The Singh staging concept.
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2.5 The Agius staging concept

The simplest and probably most known concept of schizophrenia staging was
described by Agius after about a decade of the Lieberman model [12]. Based on his
research, the development of schizophrenia was divided into three distinct stages;
the prodrome (stage 1), then the first episode (stage 2) and finally, the chronic
phase (stage 3) (Figure 5) [12]. Although it was not included in the model as a
separate stage, Agius also agrees on the fact that there is a premorbid phase before
the prodrome [12]. It is also emphasized that the treatment of schizophrenia needs
to be in accordance with the different stages of the disorder in order to achieve the
desired outcomes [12].

STAGE 1 STAGE 3
Prodrome Chronic phase
()
STAGE 2
First episode

Figures.
The Agius staging concept.

2.6 The McGorry staging concept

One of the most developed and referenced [20-24] staging model of schizo-
phrenia was proposed by McGorry and colleagues [10, 11]. This concept starts with
stage 0, where the patient has no current symptoms yet, but an increased risk of
psychotic disorder is present (Figure 6) [10]. Then, stage 1 (mild and moderate
symptoms) is divided into two substages; 1a with mild and non-specific symptoms
and 1b with subthreshold or moderate symptoms [10]. The first episode of psychosis
defined to be at stage 2, followed by the three substages of stage 3 (incomplete remis-
sion and relapse(s)); incomplete remission (3a), relapse of psychotic disorder (3b)
and multiple relapses (3c) [10]. Finally, stage 4 represents a persistent and severe ill-
ness [10]. Importantly, this staging concept can be applied not only to patients with
SSD but also to patients with other severe mood disorders such as depression or bipo-
lar disorder [10]. Besides the description of different stages, McGorry and colleagues
also provided information regarding the potential interventions as well as indicative
biological and endophenotypic markers to each stage in their framework [10].

STAGEOQ STAGE 2 STAGE 4
ncreased First Persistent
risk episode symptoms
®
STAGE L STAGE 3
Mild and moderate Incomplete remission
symptams and relapse(s)
Figure 6.

The McGorry staging concept.
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2.7 The Cosci staging concept

In 2013, Cosci and colleagues — similarly to this book chapter — aimed to summa-
rize and integrate the staging models of schizophrenia, and other major psychiatric
disorders through a systematic review and came up with a general staging concept
that is composed of four stages (Figure 7) [11]. The model starts with a prodromal
phase (stage 1) and follows the basic stages of psychiatric disorders in a longitudinal
fashion with stage 2 being the acute manifestation, stage 3 the residual phase and
stage 4 the chronic phase [11]. In contrast to McGorry [10] and Lieberman [16], the
premorbid or increased risk phase was not included in this concept as they found no
adequate support from the literature and argued that it has less clinical relevance as
it can be only appraised retrospectively [11].

STAGE 1 STAGE 3
Prodromal phase Residual phase
@
STAGE 2 STAGE 4
Acute Chronic phase
manifestation

Figure7.
The Cosci staging concept.

2.8 The Fountoulakis staging concept

A novel concept of clinical staging in schizophrenia was proposed by
Fountoulakis and colleagues in 2019 using the Positive and Negative Syndrome
Scale (PANSS) and the 5-factor model (a model based on the notion that schizo-
phrenia is characterized by positive, negative, cognitive, affective and hostility
symptoms) [25]. They aimed to develop a staging concept empirically through
analyzing a very large sample (n = 2358) of stabilized schizophrenia patients with
varying ages [25]. Based on the results, they identified 4 major stages of schizo-
phrenia (Figure 8), starting with stage 1, dominated by positive symptoms. Besides
describing the most influential symptom domain of each stage, they also provided
atimeline of the disorder. According to this timeline, stage 1 lasts about 3 years on
average [25]. In this first stage, excitement and hostility symptoms were found to
increase over time and becoming the leading symptom group of stage 2, that lasts

STAGE 1 STAGE 3
Posilive Depressive /
symptoms anxiety symptoms
®
STAGE 2 STAGE 4
Excitement & Neurocognitive
Hostility symptaoms symptoms
Figure 8.

The Fountoulakis staging concept.
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about 9 years on average [25]. Throughout the first two stages, negative and depres-
sion/ anxiety symptoms were stable and started to increase steadily around the end
of stage 2 [25]. Importantly, the second stage was further divided into 2 substages:
stage 2a and 2b [25]. The latter lasts about 6 years and is described by the rise of
negative, depressive and cognitive symptoms. During stage 3, which lasted 13 years
on average, the most dominant symptoms were the depressive ones [25]. In the first
phase of stage 3 (3a), hostility symptoms were found to decline, while negative

and cognitive symptoms were increasing [25]. Then, in the second part of stage 3
(3b), positive and hostility symptoms almost disappeared [25]. Finally, the fourth
stage was found to be characterized by cognitive symptoms, and according to their
timeline, it begins 25 years after the first episode on average [25]. Similarly to the
previous stages, stage 4 is also divided into 4a and 4b substages; 4a lasts about

15 years on average and is described by the robust increase of negative and cognitive
symptoms, while 4b starts about 40 years after the first onset and is found to be
dominated by mainly the neurocognitive deficits that the patients experience [25].

2.9 Similarities and differences between the historical staging concepts

A summary of the reviewed historical staging models of SSD is presented in
Table 1. Interestingly, only about half of the staging concepts begin with a pre-
morbid phase (Singh starts with prodrome which has a sub-stage, P1, that can be
regarded as a premorbid phase), and except Fountoulakis and colleagues, all models
have a prodromal phase. Importantly, the acute and chronic phase is present in all
models (the Singh staging concept is not counted here, as it focused on the beginning
of the disorder), while only again about half of the models included a residual or sub-
chronic phase. In terms of the underlying pathophysiological changes of SSD in rela-
tion to the different stages, evidence from brain imaging studies provide support for
the general notion that abnormalities are more prevalent in later stages than in earlier
ones, these abnormalities are progressively worsening while patients advance from
an earlier to a later stage and finally, supportive treatments such as essential fatty
acid supplementation are more effective in the beginning of the disorder [26, 27].
Nonetheless, it is challenging to validate one particular model via pathophysiological
changes described by brain abnormalities or other biomarkers as there is consider-
able heterogeneity in the clinical and pathophysiological picture of SSDs [27]. For
instance, the size of the ventricles does not necessarily correlate with the severity or
progression of symptoms nor signposts the patient’s response to treatment [27].

Premorbid Prodromal Acute phase Residual Chronic
phase phase phase phase
Hoffman Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Anxiety Denial Ambivalence Depression Acceptance
Fava & Stage 1 Stage 2 Stage 3-4 Stage 5
Kell
etner Prodromal Acute episode Residual & Chronic
Subchronic
Lieberman Stage 1 Stage 2 Stage 3 Stage 4
Premorbid Prodromal Onset / Chronic /
deteriorative residual
Insel Stage 1 Stage 2 Stage 3 Stage 4
Pre- Pre-psychotic Acute Chronic
symptomatic prodrome psychosis illness
risk

27



Psychosis - Phenomenology, Psychopathology and Pathophysiology

Premorbid Prodromal Acute phase Residual Chronic
phase phase phase phase

Singh Stage 1 (P1) Stage 1 (P2) Stage 2-4

Prodrome Prodrome First psychotic
symptoms &
Build-up of
symptoms
& Definite
diagnosis

Agius Stage 1 Stage 2 Stage 3
Prodrome First episode Chronic

phase

McGorry Stage 0 Stage 1 Stage 2 Stage 3 Stage 4

Increased Mild and First episode Incomplete Persistent
risk moderate remission and symptoms
symptoms relapse(s)

Cosci Stage 1 Stage 2 Stage 3 Stage 4
Prodromal Acute Residual Chronic
phase manifestation phase phase

Fountoulakis Stage 1-2 Stage 3 Stage 4

Positive, Depressive Neuro-
excitement & anxiety cognitive
& hostility symptoms symptoms
symptoms

Table 1.
Summary of the reviewed staging concepts.

3. The integrated staging model of schizophrenia spectrum disorders

Although the reviewed historical staging concepts of SSD are slightly different
from one another, they can easily be integrated into one coherent model. To start
with, there is one clinical stage that is present in all concepts: the first episode of
psychosis. This acute phase can be interpreted as a milestone that divides the course
of the disorder into a before and an after phase and so can be set as the first stage of
the disorder. It is also the stage where the patient is most likely to be recognized and
treated for the first time.

Most, but not all clinical staging concepts deal with the before phase, officially
called the prodrome, since it is often determined retrospectively and is highly
debated from the perspective of treatment [11]. Nonetheless, evidence is emerg-
ing regarding early interventions and it might become more and more relevant
in the future [28]. Hence, in the integrated staging model, the prodromal phase
is regarded as stage O, representing its importance but debated nature. In many
of the reviewed staging models, prodrome was further divided into substages,

i.e. increased risk or pre-morbid phase, and mild symptoms or prodromal phase
(10, 16, 17]. Although these substages might be important in the development of
SSD, recognizing them may be even more challenging and unnaturalistic in real-
life settings [11, 28, 29]. Thus, in the integrated model, this stage is not subdivided
further.

Similarly, to the before phase, there are slight differences between the histori-
cal staging concepts in terms of what happens after the first onset of psychotic
symptoms. Some argue that there is only one stage after the acute manifestation
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STAGEOQ STAGE 2
Pradrome Remission and relapse
([ )
STAGE 1 STAGE 3
Acute manifestation of Chronic
psychotic symtpams psychosis
Figure 9.

The intergraded staging model of schizophrenia spectrum disorders.

of symptoms [12, 16, 17] while others define three or even more distinct stages
[13, 15, 25]. The most influential models opt however for two subsequent stages
[10, 11, 19]; a residual or pre-chronic stage characterized by incomplete remis-
sion, relapses as well as depressive symptoms, and a chronic stage with persistent
symptoms dominated by neurocognitive deficits. In the integrated staging model
these phases represent stage 2 (remission and relapse) and 3 (chronic psychosis),
respectively (Figure 9).

3.1 The prodrome (stage 0)

In the integrated staging model of SSD, stage 0 is called the prodrome. This is
a period of the disorder when some mild or even moderate symptoms are pres-
ent, however there is no sign of full-blown psychosis yet [10]. Given the fact that
this phase is just preceding the first onset of psychotic symptoms, the prodrome
is a retrospective concept that can be mainly recognized and defined afterwards
[28, 29]. In terms of timeline, the prodrome can last from weeks to even years, but
most typically, its duration is about a year [28].

During the prodrome, the patient goes through considerable changes in their
behavior and might start to experience disturbance in thinking which in turn results
in anxiety or even anger [13]. The symptoms present during this time are heter-
ogenous; mostly negative symptoms such as anhedonia, asociality or amotivation
along with changes in perception, mood, beliefs and cognition [29, 30]. In terms of
neurobiological changes, there are signs of abnormal dopamine synthesis, prefron-
tal cortex (PFC) dysfunctions and gray matter volume reductions in several brain
regions including the PFC, hippocampal gyrus and lateral temporal lobe [31-34].

Given the notion that the earlier the treatment is received, the better the progno-
sis of SSD, there is considerable interest in starting pharmacological interventions
during the prodrome [28, 29]. However, the main problem with this concept is the
potential number of false positives, those individuals who, despite having symp-
toms and distress, will not develop psychosis after the prodromal period [29]. Thus,
many argue that prescribing antipsychotic medication to these individuals is highly
questionable from an ethical perspective, claiming that even the newest antipsy-
chotic medications are not without side effects, might induce cognitive harm and
can stigmatize the patient for life [28, 29, 35].

To overcome the barrier of treating individuals in the prodrome while also
excluding the false positives, there are tendencies of developing new criteria that
can accurately detect patients who are in an ‘ultra-high risk’ (UHR) mental state
and hence are most likely to develop psychosis and benefit from pharmacological
treatment too [29, 36]. An example of such criteria is the Personal Assessment
and Crisis Evaluation (PACE), which defines someone at UHR of psychosis if they
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have one or more of the following diagnosis; “(a) attenuated psychotic symptoms,
(b) brief limited intermittent psychotic symptoms, (c) a significant decrease in
functioning (maintained for at least a month) with either schizotypal personality
disorder or a first-degree relative with psychotic disorder” [28, 36, 37].

The aims of early intervention in the UHR group are threefold: first, to alleviate
the symptoms that the patient experiences; second, to decrease the risk of transi-
tioning to a first episode of psychosis; and third, to reduce the time before starting
an antipsychotic treatment after the onset of psychosis [36]. To date, there are only
a few pharmacological trials with antipsychotic medication in this patient group,
both indicating a tendency for a decreased rate of conversion to psychosis after one
year [38, 39]. Nonetheless, more research is required to understand the risks and
benefits of pharmacological treatment during the UHR period. Meanwhile, accord-
ing to current guidelines the use of antipsychotic medication during the prodrome
is only recommended in case of the more complex cases [40, 41], while the recom-
mended interventions are family psychoeducation, individual or group cognitive
behavior therapy, active substance use reduction and neuroprotective agents such as
omega-3 [10].

3.2 The onset (stage 1)

The first stage of the integrated staging model of SSD starts with the acute mani-
festation of psychotic symptoms or in other words the onset of the first episode of
psychosis. Throughout this stage of the disorder patients experience predominantly
positive symptoms such as hallucinations, paranoia or delusions and are likely to
be in denial of accepting that there is something wrong and that they need medical
help [10, 13]. This denial often manifests in aggression or agitation and might as
well result in the hospitalization of the patient [42]. Besides the dominating positive
symptoms, negative symptoms such as alogia or asociality and hostility may also be
present [16, 25].

Currently, there is no strong scientific evidence on the cut-off point for the
end of the first episode, nonetheless, it is estimated to be within the first 2-5 years
following the onset of the psychotic symptoms [43-45]. Indeed, Fountoulakis and
colleagues found that the first stage of SSD lasts 3 years on average [25].

The main treatment goal during the first stage of SSD is to resolve psychotic
symptoms and to increase the chances of the patients to returning to their normal
life as effectively and expeditiously as possible [41]. To do so, antipsychotic medica-
tions are utilized [46], in most cases in the form of oral antipsychotics due to being
less invasive and more accepted in the long run [47]. Many patients, however, might
need long-acting, injectable antipsychotics in order to increase compliance [48], as
several studies indicated that more than 40% of patients are nonadherent during
the first 9 months of treatment, hence increasing their chance to relapse [49].

In addition to pharmacological treatment it is also important to provide further
support to the patients and their caregivers via clinical psychologists, occupational
therapists and social workers [10, 41]. The family or caregivers might need to attend
psychoeducation or other therapy as well in order to ensure better coping [41].

After the first episode, there are multiple trajectories possible how the disorder
can continue. According to the thumb rule described by Shepherd and colleagues,
one third of the patients will go on remission and will not experience any more
subsequent episode, the second third of the patients will experience one or more
psychotic episodes (stage 2), while the third group of patients will experience
multiple relapses and unremitting illness which will be later described as chronic
disorder (stage 3) [50].
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3.3 Remission and relapse (stage 2)

Between stage 1 and 3 is the most heterogenous phase of the disorder, the
remission and relapse stage. During this period of SSD, patients first experience a
temporary or incomplete remission from the first episode, but then there is a relapse
or even multiple relapses of psychotic symptoms in the form of episodes [10]. If
looking at the chain of events in a chronological order, before being in remission,
the patient first responses to the treatment, which is usually determined by a certain
amount of reduction in symptoms (between 20-50%) on a validated rating scale
such as the Positive and Negative Syndrome Scale (PANSS) or the Clinical Global
Impression (CGI) [51, 52]. Then the patient moves to remission, which, according
to the Remission in Schizophrenia Working Group (RSWG), is an “increasingly
achievable stage in the treatment of schizophrenia, serving to expand the current
ceiling of patient progress beyond “stability” [53]. Although there are various crite-
ria on how remission is defined, it essentially means a period of the disorder when
symptoms are mild and/or there is no “active” psychosis [53]. When symptoms start
to reappear after this mild or symptom-free period, and the patient is experiencing
a worsening in functioning, we are talking about relapse [54, 55]. Nonetheless, as
mentioned previously, a third of patients might not relapse rather achieve recovery
[50], a state where the patient is able to function both socially and occupationally
and has considerable symptomatic improvement [55, 56].

The second stage of SSD is hence quite various in terms of the type and severity
of symptoms. Nonetheless, in most cases, the negative and depressive / anxiety-like
symptoms [25] are highly dominant in-between relapses, affecting the patient’s
quality of life enormously [57]. Throughout a relapse the positive and hostility-
related symptoms might particularly increase [25, 55].

According to Fountoulakis and colleagues, the duration of this second phase
is around 9 years on average, followed by a 13 years-long period dominated by
depressive symptoms [25], so an up to 10-year long period for the second stage is
adapted.

The primary treatment goal during this stage is first to achieve complete
remission and then to prevent relapse as well as to stabilize the patient mediated
by specialist care services [10]. Given the high level of negative and depressive/
anxiety-like symptoms, the secondary aim should be to alleviate these, either by
using a novel second-generation antipsychotic medication such as cariprazine
and amisulpride or a combination of antipsychotic and antidepressant
medication [58].

3.4 Chronic psychosis (stage 3)

The third and final stage of the integrated staging model is the chronic psychosis
stage. Throughout this period of the SSD the symptoms are still severe, persistent
or unremitting [12]. The patients might continue to experience numerous relapses
while usually suffering mostly from negative, affective (depressive/ anxiety-like)
and neurocognitive symptoms, with the latter increasingly becoming the most
prominent symptom group of the disorder over time [12, 25]. Suicidal ideation
might also be more common at this stage of the illness [59]. Nonetheless, patients
usually develop some kind of acceptance and integrate the fact of the disorder into
their life [13].

The chronic psychosis stage of SSD begins about 15-20 years after the first
episode [25, 45]. Patients in this late stage are usually disabled at a certain degree
and are likely to be unemployed or retired [45].
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Treatment in the chronic disorder stage is similar to stage 2 treatment with a
high emphasis on the prevention of further exacerbation of the illness and long-
term stabilization alongside with augmentation strategies and other psychosocial
therapies such as active social participation and/or vocational rehabilitation
[10]. Preferred pharmacological treatments include clozapine and long-acting
antipsychotic medications [12], although drugs addressing negative and cognitive
symptoms (such as cariprazine and amisulpride) may also be of benefit [58].

3.5 Summary of the integrated staging model

The integrated staging model starts with the prodrome (stage 0), whichisa
period of the SSD where patients are already experiencing some changes in their
behavior alongside mild negative and affective symptoms (Figure 10). Diagnosis
is usually not yet received as the symptoms are too mild and unspecific to be
certain about what causes them. This period can last from a few weeks to years.
Pharmacological interventions throughout the prodrome are still researched,
nonetheless psychosocial therapies are thought to be beneficial.

The first stage of the SSD according to the integrated staging model is the
onset of the first episode of psychosis characterized by positive and hostility-like
symptoms. This period can last between 2 and 5 years in average. Regarding treat-
ment, the emphasis is on alleviating mostly positive symptoms and stabilizing the
patient.

The second stage is the remission and relapse stage which is the most heterog-
enous phase of the disorder. Throughout this period some patients might experience
one or multiple relapses, however about a third of the patients will stay in remission
and may go to recovery. The dominating symptoms in-between episodes are the
negative and affective ones. The remission and relapse stage last about ten years,
between the 5th and 15-20th year of the illness. The primary goal of treatment
during this stage is the prevention of relapses and achieving complete remission and
recovery.

The final stage of SSD is the chronic psychosis stage dominated by increasing
neurocognitive symptoms. Patients arriving to this late stage are likely to be suffer-
ing from disability and unemployment. Alongside the pharmacological treatments
that aim to prevent the further exacerbation of illness there is an emphasis on
psychosocial therapies to increase the everyday functioning of patients.

STAGEO STAGE 2

Prodrome Remission and relapse

Mild negative and Negative and affective symptoms in-

offective symptoms between psychotic episodes

. -1year 0-5 years 5-15 years 15+ years
STAGE 1 STAGE 3
Acute manifestation of Chronic
psychotic symtpoms psychasis
Positive and hostility-like Neurocognilive
symptoms symptoms
Figure 10.

The integrated staging model of schizophrenia spectrum disorders with timeline and symptom domains.
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4, Conclusion

Clinical staging is a more refined form of diagnosis that provides information
on how an illness progresses and where the patient lies within this progression [10].
It is based on the assumption that each stage can be described by a typical clinical
profile with later stages being associated with greater symptom severity and that
treating patients in the early stages of the disorder is more efficient [12]. The pri-
mary aim of introducing clinical staging into the field of psychiatry was to promote
remission and recovery in the early stages of psychiatric disorders and hence to
prevent patients to progress to later stages [10].

Since 1982, several staging concepts describing the course of psychiatric disor-
ders have emerged. In this systematic review, we have identified and summarized
9 concepts that outline the clinical staging of schizophrenia spectrum disorders.
Although there were some variations between the models, all identified the first
episode of psychosis as a distinct stage that divides the course of the disorder into
a before and after phase. Most of the variations in the concepts were due to the
fact that there were disagreements in the number of stages before and after the
first onset.

In order to unify the described concepts an integrated staging model of schizo-
phrenia spectrum disorder has emerged that describes the course of SSD in four
stages; the prodrome (stage 0), the onset (stage 1), remission and relapse (stage
2) and chronic psychosis (stage 3). The integrated model also provides timeline
around when patients are likely to enter the next stage as well as what symptoms
dominate and how to best treat them. Nonetheless, it is also important to note that
not all patients will go through all stages and the primary goal of any treatment is to
prevent patients to enter a later stage.
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Chapter 4

The Many Faces of Negative
Symptoms in Schizophrenia

Mihaela Fadgyas Stanculete and Octavia Capatina

Abstract

Negative symptoms are relatively frequent across schizophrenia spectrum disor-
ders diagnostic categories and they represent deficits in different domains such as
emotional, volitional and experiential. Even though negative symptoms have long
been recognized as a core feature of schizophrenia, their definition has been chang-
ing over time. Different conceptualization classified this category of symptoms as
primary or secondary, persistent or transient. At the current moment there are five
agreed upon domains of the concept of negative symptoms, which are separated
into two dimensions—experience (anhedonia, avolition, asociality) and expression
(blunted affect, alogia). Multiple mechanistic pathways have been proposed and
investigated for each dimension and for each domain. The current chapter attempts
to address recent advances in the literature regarding the concepts, definitions and
classifications of negative symptoms and their etiological model.

Keywords: anhedonia, avolition, alogia, blunted affect, negative symptoms,
schizophrenia

1. Introduction

Schizophrenia is a chronic, debilitating disorder that affects approximately 1%
of the world’s population [1]. The disorder is a significant socioeconomic burden
because of the early onset of the disease, the low remission rates, and their debilitat-
ing consequences: as the disease’s progression leads to the inability, for a significant
share of schizophrenic patients, to fulfill their professional, social and household
roles [2]. Phenomenologically schizophrenia is considered to be a heterogeneous
syndrome including several dimensions: positive, disorganization, cognitive,
affective, and negative dimension. These are the most commonly reported by factor
analytic studies dimensions of schizophrenia [3-5].

Negative symptoms have long been recognized as a core feature of schizophre-
nia, and the current studies report that their severity has a more significant impact
on real-world functioning and quality of life than other categories of symptoms
[6-10]. Negative symptoms, by their definition, interfere with the patient’s ability
to maintain social activities or personal relationships, to work or study, and even
to live independently and are minimally influenced by antipsychotic medication
[11-13]. Even though the attention has shifted from the positive to the negative
symptoms in the last decades, the latter still represent an unmet therapeutical
target, and very few pharmaceutical agents are labeling indications for negative
symptoms [14-17].
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Negative symptoms have been commonly described as first symptoms of
schizophrenia, and very frequently, they appear during the prodromal phase of the
disorder [18, 19]. The prevalence of negative symptoms is hard to establish, with
reports from literature ranging between 40% and 90%, these differences result
from the heterogeneity of the used definitions, constitutive factors, and assess-
ment methods [20]. The European First Episode Schizophrenia Trial reported that
at least one negative symptom was noted in up to 54.2% of the patients at baseline
[21]. The Clinical Antipsychotic Trials of Interventions Effectiveness, which is
one of the most extensive controlled studies for schizophrenia, reported negative
symptoms in 40% of the patients [22], and the CLAMORS study reported one or
more negative symptoms were present in 57.6% of patients [23]. What is known is
that they can occur at any point during the illness, but the long-term course is less
clear. Some studies report stability of negative domain [24], while others describe
an unstable course [25]. Many factors could be accountable for this difference, but it
is widely accepted that improvement in negative symptoms is more common during
the first years of the disorder, and an exacerbation is frequently seen in chronic
patients [26].

Across studies, it is generally evidenced that negative symptoms are frequently
reported in any disease phase. They are associated with poor functional outcomes,
which is why it is imperative to assess and address these symptoms to improve the
quality of life for patients with schizophrenia.

2. The concept of negative symptoms in schizophrenia
2.1Early descriptions

The classification of the symptoms of schizophrenia as being positive or nega-
tive regards the fact that positive symptoms are a surplus to normal experiences,
for example, hallucinations or delusions, whereas the negative symptoms are
represented by diminished experiences or expression [27]. The term of negative
symptoms was borrowed from neurology, and it was coined by John Reynolds in
1858 and was introduced in psychiatry by the French psychiatrists Gaetan Gatian de
Clerambault and Henry Ey [28].

The negative symptoms were considered a fundamental feature of the dis-
ease since its first descriptions by Emil Kraepelin and Eugen Bleuler [27]. Emil
Kraepelin, influenced by the work of Alois Alzheimer, was the one who named the
disease dementia praecox. He considered that the process underpinning the mani-
festation of the disease was an affective degeneration. In his treatise “Dementia
praecox and paraphrenia”, he described the flat affect and the motivational deficits,
which are now called negative symptoms, and he proposed the theory that the
affective deficit represents the basis for the psychopathological process [27-30].

Eugen Bleuler renamed the disease schizophrenia and emphasized that there
is a group of disorders under this name. At a descriptive level, he introduces a
dichotomy between the symptoms of schizophrenia, and he labels the fundamental
and accessory symptoms. The fundamental symptoms are described as the essence
of the illness necessary to diagnose loose associations, ambivalence, affective flat-
tening, and avolition. The accessory symptoms are hallucinations and delusions that
were not necessary to diagnose schizophrenia but were highly visible and often the
reason for clinical presentation. Unlike his predecessor, he considers that the affect
as a process is intact in schizophrenia and that the fundamental psychopathological
process is the splitting between affect and cognition, from which the symptoms of
the disease arise [27, 28, 30].
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The interest for negative symptoms decreased and shifted towards the positive
symptoms once Chlorpromazine was developed and introduced in psychiatric
wards in 1952. The awareness regarding the importance of these symptoms
reemerged in the last decades because of their negative influence on the patients’
real-life function [10, 11, 31].

2.2 Current perspective

The interest for the negative symptoms is constantly growing, although it
has been about 40 years since Nancy Andreasen and co-workers (1982) resumed
this research area and highlighted the importance of this category of symptoms.
Andreasen defined twenty negative symptoms, which were grouped into five
factors: flat affect, alogia, avolition/apathy, anhedonia/social withdrawal, and
attention deficit. She proposed that negative and positive symptoms are part of a
continuum representing the extreme and opposite poles of this continuum. Patients
presenting mixed symptoms, positive and negative symptoms, were considered
intermediate patients [28, 32].

Later, Timothy Crow [33] postulated the hypothesis of two types of disease,
schizophrenia type I and type II. Type I is characterized by positive symptoms
(hallucinations, delusions), showing a good response to neuroleptic medication,
without intellectual deficit, and with an increase in D2 receptors. Type II is charac-
terized by negative symptoms (alogia, affective flattening, decreased interest, and
pleasure), an inadequate response to neuroleptic medication, intellectual deficits,
and changes in the temporal lobes’ neural structures. According to this author, type
I could develop negative symptoms and progress to type II, but type II could not
transform into type I, even though positive symptoms could appear [33].

In 1988 William Carpenter and collaborators brought to attention a new
perspective on the concept of negative symptoms and made an essential distinc-
tion between idiopathic, primary negative symptoms and secondary negative
symptoms. Secondary negative symptoms occur as side effects of neuroleptic
medication (extrapyramidal symptoms, sedation) or secondary to depression,
social deprivation or substimulation or secondary to positive symptoms (active
social withdrawal secondary to paranoid ideation, or diminished expression, which
could be a coping strategy for patients in an acute psychotic episode who are unable
to process tumultuous hallucinations). At a phenomenological level, primary and
secondary negative are very similar and yet very hard to distinguish. The diagnosis
of primary negative symptoms, according to Carpenter, should be only a diagnosis
of exclusion. The importance of distinguishing these categories of symptoms is that
secondary negative symptoms may be responsive to specific treatments [34].

As aresult of this classification, deficit schizophrenia was introduced to define
patients with primary and persistent negative symptoms. The dichotomy, deficit/
non-deficit schizophrenia, is based exclusively on the presence or absence of
primary and stable negative symptoms [34]. The diagnostic criteria for deficit
schizophrenia are presented in Table 1. Several subsequent studies have compared
patients with deficit schizophrenia versus non-deficit schizophrenia and found
overwhelming evidence that the two types are different in that concerns risk fac-
tors, premorbid functioning, disease evolution, neurobiological basis, and response
to treatment. The clinical picture of deficit schizophrenia shows more significant
social withdrawal, anergia, more severe cognitive impairments, poorer premorbid
adjustment than non-deficit schizophrenia, and often summer birth instead of
non-deficit schizophrenia, which predominates winter birth [37-41]. Although
the two diagnostic categories have been validated in several studies, the evolution
over time of negative symptoms does not always allow a clear distinction between
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a. The presence of at least two of the following six negative symptoms:
i. Decreased emotional expression (observed behavior);
ii. Affective flattening (e.g. a narrow range of the patient’s subjective emotional experience);
iii. Alogia;
iv. Diminished interests;
v. Diminished goals;
vi. Diminished social interest;

b. The presence of symptoms described in point (a) for at least 12 months including periods of clinical
stability;

c. The symptoms described at point (a) are primary symptoms, not secondary to other factors such as
anxiety, medication side effects, psychotic symptoms, intellectual disability or depression;

d. The patient meets the DSM criteria (3rd edition, or later editions) for schizophrenia.

Table 1.
Diagnostic criteria for deficit schizophrenia [34-36].

primary and secondary symptoms, making the diagnosis very difficult. Moreover,
first psychotic episode patients represent another diagnostical challenge [42-44].

A different approach, which tried to reduce the heterogeneity of negative
symptoms, was proposed by the National Institute for Mental Health (USA) in
The Consensus Statement on Negative Symptoms (2006), which defined the
constitutive factors of the negative domain: flat affect, alogia, social withdrawal,
avolition, and anhedonia, essentially the same areas that have been defined by
Nancy Andreasen (1982) except for the attention deficit. A short definition of each
symptom, according to this consensus, is presented in Table 2 [45].

As aresult of the same consensus, the National Institute for mental Health
defined the concept of persistent negative symptoms, which is more applicable in
the clinical setting than the concept of deficit schizophrenia because of its more
permissive criteria. The criteria for the persistent negative symptoms imply only a
period of six months, with at least moderate intensity negative symptoms and low
levels of positive, depressive, and extrapyramidal symptoms. Secondary negative
symptoms can be included in this category if they are not responsive to a specific
treatment [45].

In the attempt to describe the nature, the etiology, and find operational cri-
teria for research in the field, other specific terms were defined: predominant,
prominent, enduring/non-enduring negative symptoms. Unfortunately, there is

Flat affect A decrease in the expression of emotions and emotional reactivity to events, observed
spontaneously during speech or after targeted questions (facial expression, intonation,
and gestures)

Alogia Quantitative reduction of speech and spontaneity (the amount of information
spontaneously developed by the patient in addition to the necessary answers to the
questions).

Social Interactions and initiatives to have social contacts are diminished due to decreased

withdrawal motivation and decreased desire to form or maintain relationships with other people.

Anhedonia Diminished experience of pleasure for a variety of activities or events, over time of

the activities or events (consumer anhedonia) or for subsequent activities and events
(anticipatory anhedonia)

Avolition Reducing the initiative and persistence of goal-oriented activities due to diminished
motivation

Table 2.
Definition of negative symptoms of schizophrenia [45].
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no consensus regarding the exact definition of any of these terms as they were only
used for research purposes [9].

Up to the present point, negative symptoms are considered to represent a
heterogeneous domain of psychopathology. Recent factor analytic studies have
provided evidence that the domain of negative symptoms can be grouped into
two factors: avolition/apathy and diminished expression. The apathy/avoli-
tion subdomain includes avolition, social withdrawal, and anhedonia, and the
diminished expression includes affective flattening and alogia [46-48]. This
factorial structure has been confirmed by several studies using different scales
for the evaluation of negative symptoms: Scale for the Assessment of Negative
Symptoms (SANS), Positive and Negative Syndrome Scale (PANSS), Negative
Symptoms Assessment Scale (NSA-16) and more recently developed scales
Clinical Assessment Interview for Negative Symptoms (CAINS) and Brief
Negative Symptom Scale (BNSS), which were specially developed to evaluate
this factorial structure [49, 50]. Several studies have compared the importance
of these domains regarding clinical features, disease progression, and impact on
functioning. The domain of diminished expression (DE) turned out to be more
persistent over time, have a higher prevalence in the early stages of the disease,
and be associated with a longer duration of the prodromal phase of the disease
than the apathy/avolition (AA) [51-53]. The AA domain is associated with poorer
functioning, with a longer duration of untreated psychosis and non-adherence
to treatment. These associations were not reported for the DE domain [47, 52, 54].
Research up to this point provided evidence that the AA and DE domains rep-
resent different clinical aspects of schizophrenia. Moreover, if these areas have
different etiologies and should be approached differently from a therapeutic point
of view are elements in an ongoing investigation, neuroimaging studies currently
support this hypothesis [8, 55].

To date, no consensus has been reached on how to approach negative symptoms:
categorical versus dimensional. Numerous studies demonstrated the validity
of deficit schizophrenia construct or the subtype characterized by primary and
persistent negative symptoms [51, 52, 54]. However, the dimensional approach is
supported by several studies that have shown the presence of negative symptoms
in other disorders than schizophrenia, such as schizoaffective disorder, depres-
sion, Parkinson’s disease, Huntington’s disease, Alzheimer’s disease, temporal lobe
epilepsy, and even in the general population [8, 55, 56].

3. The neurobiology of negative symptoms in schizophrenia

The heterogeneity in etiology and clinical manifestation of the negative symp-
toms in schizophrenia led to the exploration of several structural abnormalities,
pathways, and mechanisms which may underlie this complex of symptoms. The
attempt to reduce these symptoms’ heterogeneity leads to concepts of deficit and
non-deficit schizophrenia and diminished expression and avolition/apathy domains.
Different hypotheses have been constructed for these models’ pathophysiological
mechanisms, but unfortunately without fully satisfying results [8, 9, 55, 56].

3.1 Deficit schizophrenia versus non-deficit schizophrenia
After deficit schizophrenia was described, several studies brought out data
supporting the hypothesis that deficit schizophrenia differs from non-deficit

schizophrenia in terms of risk factors, premorbid functioning, the evolution of the
disease, neurobiological basis, and response to treatment [37-41]. Epidemiological
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studies support a prevalence of deficit schizophrenia: 15% of patients with a first
episode of the disease, 25-30% in clinical trials, and 14-17% in population stud-
ies [37, 57, 58]. Structural and functional brain imaging studies have highlighted
several differences between patients with deficit and non-deficit schizophrenia.
Abnormalities and asymmetries in the temporal lobe level, cerebrospinal fluid
accumulations in the left temporal lobe, volume reduction of the right temporal
lobe have been reported in patients with deficit schizophrenia compared with
patients with non-deficit schizophrenia and healthy subjects. Both groups of
patients had a reduced volume of the dorsolateral prefrontal cortex and temporal
lobes than healthy subjects [59, 60]. Several studies have reported white matter
abnormalities, especially in the frontoparietal and frontotemporal circuits in
patients with deficit schizophrenia. These patients present discontinuities in the
inferior longitudinal fasciculus, arcuate fasciculus, and uncinate fasciculus, and

it has been suggested that there may be a connection between these structural
changes and the social and emotional dysfunctions characteristic for deficit schizo-
phrenia [59, 60]. Functional imaging investigations report a decrease in glucose
metabolism and a decrease in the frontal and parietal lobes’ blood flow in cases of
deficit schizophrenia versus non-deficit schizophrenia or healthy volunteers [61,
62]. Studies that used functional MRI to assess the response to the reward reported
areduction of dorsal caudate nucleus activity in patients with deficit schizophrenia
(63, 64].

Regarding the treatment of deficit schizophrenia, respectively of primary
negative symptoms, the efficacy of several antipsychotics was evaluated: clozapine,
olanzapine, zotepine, and amisulpride. These therapeutic options are superior
to placebo therapy and first-generation antipsychotics, but not other classes of
atypical antipsychotics, data suggesting that they would be effective for secondary
negative symptoms [65-68]. Recent studies have evaluated the efficacy of add-
on therapies with agents that stimulate NMDA receptors: glycine, D-serine, and
D-cycloserine, but no significant improvement in symptoms was reported on the
primary negative ones [15, 40, 69, 70].

3.2 Persistent negative symptoms

Persistent negative symptoms are a looser category than deficit schizophrenia
as potential causes of secondary negative symptoms are not completely ruled out,
but it is assumed that the secondary negative symptoms’ clinical expression is mild
[45]. Also, this category includes all negative symptoms, primary or secondary, that
do not respond to commonly used treatments, which are apparent during periods
of clinical stability of the disease and interfere with the patient’s functionality [45].
There is great variability in the prevalence of persistent negative symptoms due
to different definitions used for this category. Prevalence of persistent negative
symptoms are higher than deficit schizophrenia and were estimated between 35%
and 60% [21, 71-73].

Structural and functional imaging studies have reported volume reduction of
the gray matter in the temporal lobes, cortical atrophy of the right superior tem-
poral gyrus, right parahippocampal gyrus, and left orbitofrontal gyrus, and that
structural abnormality of the white matter in the frontal lobes could be associated
with persistent negative symptoms [74-77].

Dopaminergic antagonism is the only common mechanism of drugs used to treat
psychosis. However, subcortical dopamine excess is accompanied by a prefrontal
dopaminergic function, which encompasses a reduced D1 receptor activation in the
prefrontal cortex, dopamine hypoactivity in the caudate nucleus, and modifications
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in D3 receptor activity. These alterations appear to contribute to the pathogenesis

of negative symptoms. Cariprazine is an atypical antipsychotic that is a partial
agonist of dopamine receptors D3 and D2, with high selectivity for D3 receptors,
which have been shown to be effective for predominant negative symptoms [78, 79].
Another compound, MIN-101, that has no affinity for dopaminergic receptors and
acts on sigma-2 and serotonergic receptors 5-HT2A effectively reduces persistent
negative symptoms [80].

3.3 Negative symptoms domains: avolition/apathy and diminished expression

Factor analysis studies have suggested that negative symptoms include two
domains: apathy/avolition and diminished expression, which led to building separate
hypotheses for these domains [45, 47, 52]. In current conceptualizations, the avoli-
tion/apathy domain is defined as deficits in different motivation areas. Two possible
mechanisms and circuits are considered to be involved: the reward circuit and the
salience circuit [81]. Functional MRI studies tried to elucidate the substrate of the
motivational deficit using tasks involving reward anticipation, and it was found that
there is an association between the activation of the ventral striatum and the apathy/
avolition domain. This relationship has not been confirmed for the diminished
expression domain. Only a limited number of studies have investigated the correla-
tions between neural structures and the apathy/avolition domain, and the following
results were reported: a low volume of the frontal lobes, thinning of the anterior
cingulate cortex and orbitofrontal cortex, and structural abnormalities of connectiv-
ity between the medial orbitofrontal cortex and the anterior rostral cingulate cortex
[55, 82-85].

Cognitive-behavioral therapy was the first form of alternative therapy targeting
poor motivation, anhedonia, and irrational cognitions. It promotes the patient’s
involvement in defining goals and aims and targets, improving functionality and
recovery of the patients. A positive effect of cognitive-behavioral therapy on
negative symptoms in combination with antipsychotic medication has been proved,
and the beneficial effects persist even after stopping therapy. Functional changes,
highlighted by functional brain imaging studies, at striatal levels underlie this type
of therapy’s effectiveness [86, 87].

Some studies suggest that dopaminergic agonists: methylphenidate, amphet-
amine, lisdexamfetamine, modafinil, selegiline are involved in relieving negative
symptoms without worsening the positive symptoms. The exact mechanisms by
which this class acts are not completely elucidated. Increasing dopamine and nor-
adrenaline at the frontocortical level or the dopamine action at the striatal limbic
level are possible mechanisms involved in the assumed action of dopaminergic
agonists on a motivational deficit [17, 55, 88].

The inflammatory hypothesis of schizophrenia suggests that alterations in the
prenatal immune system are involved in the disease’s etiology. Anti-inflammatory
agents studied so far are pregnenolone, acetylsalicylic acid, cyclooxygenase-2,
minocycline, N-acetylcysteine, and omega-3 fatty acids. To date, clinical trials
have seemed promising, but these studies need to be replicated on a larger scale
[89-92].

High frequency transcranial magnetic stimulation (<10 Hz) intensifies metabo-
lism and excitability in the prefrontal cortex. It has been proved to be effective in
treating negative symptoms when applied in the early stages of schizophrenia. The
mechanisms of action of this method involve modulation of NDMA receptors and
striatal dopamine release. This technique has not been proven effective for alogia,
but only for the other negative symptoms [93, 94].
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Transcranial direct current stimulation has been mainly studied for positive
symptoms, auditory hallucinations, but an improvement of negative symptoms
as a subsidiary result, especially motivational deficits, has been reported. The
modulation of cortical-subcortical networks can explain the benefits for negative
symptoms [95, 96].

The diminished expression domain’s pathophysiological mechanisms have
received less attention than those involved in the apathy/avolition domain. It has
been hypothesized that this domain is correlated with neurocognitive deficits
and social cognition deficits [97]. In treatment naive patients, there is an asso-
ciation between expressive deficits and neurological soft signs, which suggests
the existence of diffuse neurodevelopmental abnormalities. Functional neuro-
imaging studies that investigated impaired emotional processing have shown a
hypoactivity of different neural networks: the prefrontal, ventrolateral cortex,
the amygdala, cingulate cortex, and the cuneus [98-100]. Activation of the
anterior rostral cingulate cortex was negatively correlated with the diminished
expression domain in the tasks which involve an interaction between reward and
cognition [101].

Cognitive training, which aims to improve neurocognitive skills and social cog-
nition, has been shown to restore the disrupted neural networks in the prefrontal
cortex and anterior rostral cingulate cortex [102].

Social skills training for emotion perception, recognition, and expression,
aims to educate patients about the necessity of social skills, verbal and nonver-
bal communication improvement, and it has been shown that it facilitates the
release of oxytocin [103]. Considering the hypothesis that the strengthening
social cognition could have beneficial effects on the diminished expression, the
administration of intranasal oxytocin was studied, given its action on serotonin
and dopamine in the nucleus accumbens and amygdala. Oxytocin is effective in
emotion recognition and the theory of mind as add-on therapy and being used in
the long term [104].

4. Genetic basis of negative symptoms

The progress in the genetics of schizophrenia in the last years has been notice-
able. Heritability represents a statistical estimate to quantitate the relative genetic
contribution to a trait relative to its environmental contributors. Heritability is the
amount or proportion of phenotypic variance of the disease of interest in the popu-
lation that is inherited through genetic factors. The heritability of schizophrenia has
been established at 81% [105], making the genetic factor the most significant for the
disease.

According to evidence from previous family and association studies, it has been
suggested that genetic factors are involved in the development of schizophrenia and
also in its clinical presentation. Studies that investigated genes potentially involved
in negative symptoms pathogenesis highlighted that classifying patients with
schizophrenia into specific subtypes based on predominant symptoms is useful for
selecting the specific treatment. The findings, and references for these studies are
summarized on Table 3.

Genetics is rapidly growing, with technological discoveries making it increas-
ingly possible to identify common and rare variants on genomic DNA. Much new
and confirmatory work remains to be performed to elucidate the role of specific
genetic variants in negative symptoms development and the distinct ways the genes
and environment interact to result in schizophrenia susceptibility.
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Author Year Findings Journal
Fanous et al. 2005 Variation in DTNBP1 may predispose subjects to a American Journal of
form of schizophrenia with high levels of negative Psychiatry [106]

symptoms.
DeRosse 2006 Significant association between the CTCTAC American Journal of
etal. haplotype and lifetime severity of negative Psychiatry [107]

symptoms in patients with schizophrenia.
Pelayo-Teran ~ 2008 Patients with a Val158 homozygote genotype had a American Journal of Medical
etal. higher severity of negative symptoms at the onset Genetics [108]
of the schizophrenia

Wessman 2009 DTNBP1 gene is associated with a schizophrenia Biological Psychiatry [109]
etal. phenotype characterized by prominent negative

symptoms
Bertolino 2009 Negative symptoms were weakly associated with Brain [110]
etal. promoter rs1236428
Petrovsky 2010 Association of prepulse inhibition deficits and Neuropsychopharmacology
etal. polymorphisms in the a3 subunits of the CHRNA [111]

gene cluster. CHRNA3 polymorphisms were also
associated with negative symptoms
Xuetal. 2013 Common genetic variations (ST3GAL1, RNF144, PloS one [112]
CTNNA3 and ZNF385D) are associated with
negative symptoms of schizophrenia using
meta-analysis.
Mezquida 2016 BDNF Val66Met polymorphism is associated with European Psychiatry [113]
etal. negative symptoms severity
Edwards 2016 ~ NKAIN2 was significantly associated with negative Schizophrenia bulletin [114]
etal. symptoms
Gaoetal. 2018 Abnormal peripheral gene expression Frontiers in Genetics [115]
DNA methylation of MMP9 possible biomarker for
negative symptom

Schneider 2019 Negative symptoms are core manifestations of Schizophrenia Research [116]
etal. psychosis in individuals with 22q11DS that strongly

impact global functioning.

Abbreviations: DTNBP1 (dystrobrevin binding protein 1), CHRNA3 (nicotinic acetylcholine receptor), BDNF
(brain-derived neurotrophic factor), MMP9 (Matrix metalloproteinase-9), NKAIN2 (Sodium/Potassium
Transporting ATPase Intevacting 2), 22q11DS (22411 deletion syndrome).

Table 3.

Genes potentially involved in negative symptoms’ pathogenesis.

5. Conclusions

Conceptual work has highlighted that negative symptoms can be defined as
primary or secondary, persistent, or transient, and they encompass two distinct
domains: avolition/apathy and diminished expression. Deficit schizophrenia is
defined as primary enduring negative symptoms, but more operative for research
and clinical setting is the concept of persistent negative symptoms. Considering the
heterogeneity of negative symptoms has brought some progress in research on their
genetic and neurobiological basis and treatment approaches. Unfortunately, their
underlying pathophysiology is still unknown, and the treatment remains a critical

unmet need.

Several hypotheses have been proposed for the pathophysiology of schizo-
phrenia, from which the dopaminergic hypothesis remains the leading one. The
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dopaminergic hypofunction of the frontal lobe and the mesolimbic structures
seems to be underlying the negative symptoms. Despite the advances in the field,
many clinical trials still consider the negative symptoms as a monolithic construct
which might be the reason for the unsatisfactory results.

Further research directions should concentrate on the two distinct negative
symptoms dimensions apathy/avolition and diminished expression, and even
further on each symptom and its pathophysiology. Another interesting approach
is the transdiagnostic one, which could be helpful in the attempt to disentangle the
mechanisms underlying this category of symptoms by using information gathered
from depression or Parkinson’s disease.
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Abstract

The involvement of immunity in the pathogenesis of schizophrenia and related
psychoses was suspected a century ago but was shadowed by the dopaminergic
hypothesis after the discovery of antipsychotics. We currently know that this latter
theory has many limits and cannot account for the wide variety of psychotic condi-
tions. The immune-inflammatory theory is now one of the most promising axes of
research in terms of pathogenesis of several mental health conditions. Immunity
and inflammation play a role at least in a subgroup of patients with psychosis. The
immune system is complex with a variety of components and mediators that can all
have effects on the brain and thus mediate psychiatric symptoms. In this chapter
we will explore the scientific evidence of the role of immune system in patho-
physiology of psychosis. The sections of this chapter will discuss the role of innate
system components (cytokines, microglia, inflammation.), the role of adaptive
system (lymphocytes and antibodies) with a section focusing on auto-immunity
and particularly antineuronal antibodies. Finally we will discuss how this research
can impact patients management and elaborate recommendations for future
research.

Keywords: schizophrenia, psychosis, inflammation, auto-immunity, antineuronal
antibodies, pathophysiology

1. Introduction

The role of the immune system in mental disorders was suspected since the last
century [1]. Then, the discovery of efficient antipsychotic drugs led researches to
focus on the dopaminergic theory undermining the first immunological findings.
Nonetheless, this theory has many limits and cannot account for the wide diversity
of clinical presentations in patients with psychosis. In the last decades, there was a
breakthrough in technical investigations that led to significant improvement of our
understanding of the immune system functioning and the immune theory became a
promising axis of research.

The immune system has a complex organization with an innate system (mediated
by macrophages, neutrophils and cytokines) and an adaptive system which is antigen
specific (mediated by T and B lymphocytes and antibodies secreted by B lymphocytes).

Many researchers have found immunological abnormalities in patients with
psychosis involving both the innate and the adaptive system [2]. All immune
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system components can have effects on the brain cells and thus they can produce
psychiatric symptoms [2]. Increase in inflammation markers was detected in
schizophrenia [3]. Early life and prenatal exposition to infections predicted adult
schizophrenia [4, 5]. High rates of auto-antibodies were reported in psychiatric
conditions especially antineuronal antibodies [6-8]. There are genetic findings
that also consolidate these theories [9]. All these findings allow to conclude that
immunity plays a role in pathophysiology of psychosis at least in a subgroup of
patients. There are already trials using treatments targeting the immune system
with encouraging results [10]. This axis of research can have an impact on the
understanding and treatment of schizophrenia and related psychoses and allow a
new era of immuno-psychiatry.

2. Evidence of involvement of immune system in pathogenesis of
psychosis

2.1Role of inflammation and innate immune system

Inflammation and innate system are the first line response, nonspecific to an
antigen, when an infection occurs. It involves neutrophils, macrophages, microg-
lia and secretion of acute-phase proteins like inflammatory cytokines. There is
evidence for inflammation dysfunction in psychosis. Interleukins and C Reactive
Protein (CRP) increase in patients with psychosis [11, 12]. An increase in the
production of proinflammatory cytokines such as Interleukin 6 (IL-6) was detected
in patients with schizophrenia [13] and patients at high risk for psychosis [14] and
predicted development of adult schizophrenia when detected in children [4]. This
increase in IL-6 was also found in the cerebrospinal fluid [15] in schizophrenia
patients. A meta-analysis showed that pro-inflammatory cytokines increased in
acute psychosis phase either during a first episode or during a relapse, and normal-
ized after antipsychotic treatment [16]. Thus, these markers could be used to detect
acute psychosis and predict relapses. Peripheral inflammation can also affect the
brain [17]. In fact, inflammation can activate endothelial cells in brain vessels and
increase their permeability to immunological cells [18]. Moreover, inflammation
that begins in periphery can reach the brain, probably through vagus nerve signals
[17] and can activate microglia. Microglia is an essential component of central ner-
vous system and has a hemopoietic origin [19]. Inflammation can activate microglia
which in turn can release cytokines in the brain. Microglia also interacts with
lymphocytes and can play a role of antigen presenting cell. This is consistent with
the “microglia activation hypothesis” [20] that emphasizes the role of cytokines and
free radicals produced by the activated microglia in pathophysiology of psychosis.
Those substances can cause white matter and neurogenesis abnormalities and
neuronal alterations associated with psychosis. Cytokines can also amplify the oxi-
dative stress via toxic nitric oxide, which in turn, activates the hypothalamic-pitu-
itary-adrenal axis [17]. This leads to the activation of the corticosteroid system that
releases stress hormones such as cortisol [17, 21]. All these inflammatory processes
could result in mood and cognition disturbances in humans [18, 22] through direct
effect on the brain and through the cortisol secretion alterations. Corticosteroid
levels alterations are known to induce affective and behavioral disturbances.

The activation of corticosteroid system by cytokines following an inflammatory
immune response has already been demonstrated in major depressive disorder and
could also be part of the pathophysiology of psychosis [17, 18, 22].

Schizophrenia has been associated with prenatal infections [5] and with child-

hood central nervous system infections [4]. These findings suggest a common
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underlying pathway between schizophrenia and infectious conditions involving
mainly inflammatory immune response [21].

2.2 Role of lymphocytes and adaptive system

The adaptive system represents the second line antigen-specific immune
response. It involves lymphocytes B and T and antibodies secreted by lymphocytes
B. It also allows to keep a memory of past infections.

Findings from experimental studies found abnormalities in lymphocytes
function and number in patients with schizophrenia, particularly T-cells [12, 22].
Interleukin 2 (I1-2) is involved in immune response regulation. T cells of schizo-
phrenia patients produce reduced amounts of 11-2 in vitro [23], and schizophrenia
was associated with more activated lymphocytes, expressing CD56, compared to
controls [24], especially in acute relapses, with changes in the ratio CD8/CD4 cells
[22]. Baseline lymphopenia can be associated with severe psychosis and predict
poor outcome and poor treatment response [25]. These findings are consistent with
The “macrophage-T-lymphocyte theory” postulating that cytokines produced by
activated lymphocytes T and macrophages play a main role in pathophysiology of
schizophrenia [26]. In fact, CD4 T-lymphocytes secrete cytokines such as IFN-y
and IL-12 which can activate CD56-lymphocytes that secrete TNF-o and IFN-y.
Pro-inflammatory cytokines are associated with schizophrenia as was shown in the
previous section [16]. A decrease in CD19 B-lymphocytes count was demonstrated
in patients treated with adjunctive celecoxib [27] and this was associated with nega-
tive symptoms improvement. Post-mortem studies reported evidence of microglia
activation [28, 29] and increased number of lymphocytes [30] in schizophrenia.
Most studies focused on blood cells count [22], while there can also be changes in
cerebrospinal fluid as demonstrated by many authors [24, 31, 32].

2.3 Role of auto-immunity and antineuronal antibodies

The involvement of autoimmunity in psychosis was suspected about a century
ago [1, 33]. There is evidence for the role of auto-immune antibodies, in the patho-
genesis of psychiatric disorders in general and in psychosis in particular [7, 33].
Psychotic and auto-immune conditions share many clinical and biological features
like a young age onset [1, 34, 35], stress-triggered [6, 36], they have chronic course
with relapses and possible residual symptoms [6, 34]. Besides, psychosis is often
associated with auto-immune conditions [35] and high levels of auto-immune
antibodies were found in patients with psychosis (e.g. antibodies anti-gliadin and
anti-casein) [7, 37] and particularly antineuronal antibodies [2, 8, 38]. Antineuronal
antibodies can target cell surface components, such as the N-Methyl D Aspartate
(NMDA) receptor, or they can target intra-cellular nuclear or cytoplasmic antigens.

The most studied antineuronal antibodies in the literature are cell surface anti-
bodies anti-NMDA [38]. Patients with anti-NMDA antibodies often present with
predominant psychotic symptoms and subsequently develop other neurological
symptoms [39]. This is called NMDA encephalitis and can be treated using immu-
notherapy and removal of auto-antibodies [40]. Some patients have anti-NMDA
and mild psychotic symptoms but have no neurological symptoms of encephalitis.
Authors have suggested the concept of “ auto-immune psychosis ” [41, 42] to
describe this entity.

There are many arguments for NMDA receptor hypofunction in schizophrenia
[2, 38]. The administration of ketamine and phencyclidine, which are NMDA
receptor blockers, is known to cause clinical [43, 44] and physiological symptoms
[45] similar to schizophrenia. Glutamate and glycine are necessary for NMDA
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receptor activation and they have decreased levels in schizophrenia [38, 46, 47].
Psychosis is also associated with abnormal D-amino acids levels (including D-serine
and D-alanine) [48, 49] which are modulators of neuronal activity [50] and act as
co-agonists of NMDA receptor at the Glycine Modulatory Site [38, 46]. There is also
an increase in antagonist agents of NMDA receptor in schizophrenia [51]. These
findings were used in developing treatment trials for psychosis by augmenting
NMDA receptor function [38, 41].

Antineuronal antibodies can also target intracellular antigens such as
Antineuronal Nuclear Autoantibodies (ANNA) (called anti-Hu and anti-Ri) and
Anti cytoplasm of Purkinje cells Antibodies (PCA) (called anti-Yo). Those antibod-
ies have been classically associated with paraneoplastic syndromes [52, 53] but they
were also found in persons with neurological or psychiatric conditions with no
associated tumor [8]. For example, these antibodies were found in association with
neurological diseases [54], with auto-immune diseases [55], with neuropsychiatry
symptoms of neurolupus [56], with autism [57, 58] and with obsessive compulsive
disorder [59, 60]. A study found ANNA antibodies were significantly higher in
schizophrenia and bipolar disorder patients compared to healthy controls [8]
with no tumor detected after 5 years follow up. In this study, PCA antibodies were
associated with the presence of affective symptoms. Most authors are now focusing
on anti-NMDA antibodies but future studies should address these antinuclear and
cytoplasmic antibodies.

Prenatal

and childhood infections Heredilary factors

Gene-infection
interaction

Genes

:L Immune system

Y

-Susceptibility to psychosis
-Effects on neurogenesis and
neurodevelopment

Figure 1.
Early life interactions vesulting in susceptibility to psychosis.
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2.4 Genetic findings

Genome Wide Association Studies (GWAS) found an association between
schizophrenia and genes that are related to immune system cells [61]. Another
GWAS showed that a single nucleotide polymorphism in major histocompatibility
complex on chromosome 6 was associated with schizophrenia [62]. This region of
chromosome 6 includes genes expressing proteins involved in pro-inflammatory
cytokines. A genetic association was also found between schizophrenia and multiple
sclerosis, an immune mediated disease [63].

—s Macrophages LCB

v v

T Inflammatory cytokines Auto-antibodies

in periphery an}iﬁ'&dADA
and in the brain PCA

Microglia

h 4

T Cytokines

Free radicals
Oxidative stress

v \J

Effects on neuronal cells and neurogenesis
Psychotic symptoms: positive, negative and cognitive symptoms

Figure 2.

Simplified diagram of possible immune interactions resulting in psychotic symptoms. Lc, lymphocyte; NMDA,
N-methyl D-aspartate receptor; ANNA, antinuclear neuronal antibodies; PCA, anti Purkinje cell cytoplasm
antibodies.
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As we previously discussed, NMDA-receptor downregulation is associated with
schizophrenia. A meta-analysis showed that there is hypoexpression of the mRNA
of a subunit of NMDA receptor called GluN1 [64] in schizophrenia. Besides, the
expression and activity of DAAO, an enzyme that catabolizes D-amino acids which
act like agonists of NMDA receptor, are increased and DAAO gene is considered as
risk gene for schizophrenia [65].

During the early life and prenatal development, the association between genetic
susceptibility and early infections can affect immunological pathways illustrating
the gene-infection interaction (Figure 1).

2.5 Summary of immune systems interactions leading to psychotic symptoms

In the previous sections, we presented evidence for the implication of innate
and adaptive system in psychosis pathogenesis. This separation between innate and
adaptive systems is schematic and is usually used for its clarity. In reality, all these
components interact with each other in order to perform an adequate immunologi-
cal response to infection (Figure 2). How do all these systems interact and lead to
psychosis symptoms? In a classic immune response to an infection, innate system is
the first actor through macrophages activation and cytokines secretion. Then, T and
B-lymphocytes are activated and also produce inflammatory cytokines. On the one
hand, inflammation activates microglia in the brain which in turn secretes inflam-
matory cytokines. This environment of inflammation and oxidative stress could
lead to hypothalamic activation and then corticosteroid system activation with
release of stress hormones. Oxidative stress within the brain and stress hormones
are known to account for mood and behavioral disturbances. On the other hand,
B-lymphocytes can secrete auto-antibodies that react with neuronal brain cells.
These antineuronal antibodies can target cell surface (such as anti-NMDA) or target
intracellular antigens (such as ANNA and PCA). All these auto-antibodies were
associated in the literature with psychiatric conditions.

3. Treatment implications

Antipsychotics, either first or second generation, were the only treatments
used in patients with psychosis for decades. Nonetheless, they have many limita-
tions. They are quite effective on positive symptoms but they failed at treating
negative and cognitive dimensions or global functioning [66]. Moreover, there is a
significant rate of treatment resistance of nearly 30% [67]. Besides, they can induce
severe neurological, metabolic or hematologic side effects [68]. The rationale of
these treatments is based on the dopaminergic theory which cannot account for all
aspects and symptoms of psychosis. Thus, researchers are looking for treatment
alternatives.

Given the substancial evidence of immune dysfunction in psychosis, scientists
have tried medications acting on the immune system. There have been many trials
with anti-inflammatory medications combined with antipsychotics [10] using aspi-
rin [69, 70], celecoxib [27, 71, 72] and N-acetyl-Cystein [73, 74] with encouraging
results (Table 1). Celecoxib [27] and N-acetylcysteine [73, 74] were associated with
negative symptoms improvement. Meta-analyses about adjunctive minocycline, a
tetracycline antibiotic with anti-inflammatory properties, found global improve-
ment in PANSS total score [76] and cognitive function [77, 80]. Two meta-analyses
assessed trials using other molecules with anti-inflammatory and neuroprotec-
tive properties such as eicosapentaenoic acid, pregnonolone, estrogens, Selective
Estrogen Receptor Modulators [77] and statins [79]. Only eicosapentaenoic acid
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Adjunctive therapy Main trials results

N-Acetyl-Cystein PANSS improv [73]; Neg symp improv [74];

Aspirin PANSS improv [69, 70]

Celecoxib PANSS improv [71, 75]; Neg symp improv [27]; No signif improv [72]
Minocycline PANSS improv [76]

Pregnenolone PANSS improv, Cognitive improv (5 trials) [77]

Estrogen PANSS improv (8 trials) [77]

Erythropoietin Cognitive improv [78]

Eicosapentaenoic acid No sig improv (20 trials) [77]

Statins PANSS improv [79] with negative symp improv on simvastatine
Tocilizimab Negative symptoms improv [80]; no signif improv [81]

NMDA modulators No cog improv [82, 83]; negative symptoms improv in UHR [84]

improv, improvement; no signif, no significant; PANSS improv, PANSS total scove improvement; UHR, Ultra High
Risk for psychosis.

Table 1.
Main results of trials using adjunctive immunotherapy combined with antipsychotics.

was not associated with significant clinical improvement. Results reported global
improvement in total PANNSS scores on all other agents and cognitive function
improvement on pregnonolone and negative symptoms improvement on simvasta-
tine. A pilot trial demonstrated improvement of cognitive function on recombinant
human erythropoietin [78]. Despite limitations, like study sample size, and despite
the presence of some negative results [70, 72], authors reported promising results.
There was an overall good tolerance.

Some biological agents can act as inflammatory response modulators, such as
monoclonal antibodies and mesenchymal stem cells, and were studied in recent
trials in neurological and psychiatric disorders like autism and schizophrenia [85].
Trials using adjunctive monoclonal antibodies, like tocilizumab and canakinumab,
in psychosis reported improvement in negative [80] or positive symptoms [86] or
no significant improvement [81].

There is another axis of research based on NMDA receptor augmenting strate-
gies based on the increase of agonists of this receptor or decrease of antagonists.
There were tens of placebo controlled trials using agonists of Glycerine Modulatory
Site in NMDA receptor [38] such as glycine or D-amino acids. The results were
mixed [38, 82]. Methodological bias and differences in the used molecules can
account for the variability of the results. A meta-analysis did not find improve-
ment in cognitive function using glutamate positive modulators in schizophrenia
[83]. However a pilot study showed an improvement in negative symptoms using
D-serine, which is an agonist of NMDA receptor, in teenagers with high risk of
psychosis [84]. Thus, it could be useful to use NMDA augmenting in prevention for
early psychosis stages (Table 1).

Clinical trials are now focusing on anti-inflammatory strategies and NMDA aug-
menting. It would be useful to widen our perspective and consider other therapeutic
options. For example, we could consider treatments inspired from well-established
auto-immune conditions like removal of antibodies or immunosuppression. Many
of the trials mentioned above still suffer from lack of data. There are limitations
to the generalization and clinical application of these therapies. There are con-
founding factors like the type of antipsychotic drug used in combination, patients
compliance, inclusion criteria, illness stage, medical history and other factors that
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modulate immune response such as body mass, smoking status, or associated stress.
All these factors need to be addressed and controlled in larger studies. However,
despite these limitations, we can notice that there is accumulative evidence of the
potential of anti-inflammatory and immunotherapy strategies in treating patients
with psychosis. We need a better definition of patients subgroups and specific
symptoms that could benefit from these therapies. A stratification of patients could
be made using the immunological status and/or clinical dimensions.

4, Recommendations for future research

It is now clear that we should not limit our research and treatment strategies to
antipsychotics. Immunological alterations seem to account for psychotic symptoms
in a subgroup of patients. These patients can benefit from immunotherapy. The
challenge is to better characterize this subgroup and define the features that predict
a good response to immunotherapy. A stratification should be made using biological
markers, clinical symptoms, response to antipsychotic treatments, disease stage
etc. We could define an immune phenotype that predicts treatment response. It
was used successfully in a trial about depression [87]. In this trial, patients who
had baseline high levels of inflammatory mediators had significant improvement
of depressive symptoms on infliximab which is an anti-inflammatory agent. This
approach should be explored in psychosis.

Some clinical symptoms do not respond well to antipsychotics like the negative
and cognitive dimensions [66]. These symptoms could benefit from other therapeu-
tic strategies. As mentioned above, many immunotherapy trials reported improve-
ment in negative or cognitive domains [27, 74, 76, 78, 79]. There are arguments
that corroborate this theory: inflammation was associated with impairments in
memory and learning [88] and in spatial memory [89]. There is still no established
physiopathology accounting for immune therapies effects on negative and cogni-
tive symptoms but hypothetical mechanisms can be proposed. Inflammation and
cytokines are associated with cognitive impairments [88, 89]. Inflammation is also
incriminated in the genesis of negative symptoms and motivational deficits through
the action of cytokines on basal ganglia and through decrease of neuronal activity
in reward system [90]. Thus, anti-inflammatory drugs could improve cognitive
symptoms by reducing inflammation.

All these clinical and biological features (i.e. negative and cognitive symptoms,
inflammatory phenotype etc.) should be considered as endophenotypes related to
psychosis and used to categorize and stratify patients in future trials. A subgroup
of patients with schizophrenia could have immune alterations accounting for
psychotic symptoms and would be more prone to respond to immune therapy.

This subgroup could have some characteristics: prominent negative symptoms and
cognitive dysfunction, poor response to conventional treatments, a specific immune
phenotype characterized for example by elevated baseline inflammatory markers

or increased lymphocytes number. The immune phenotype predicting therapeutic
response has to be better specified in future studies (which markers? What are

the specific sub-types of lymphocytes? Etc). The duration of illness can influence
clinical presentation and treatment response. Some immunotherapies proved

more effective when administered at an early stage of psychosis [84]. A staging of
psychotic conditions should be considered, as for staging used in cancers, in some
immune diseases, and bipolar disorder [91].

Antipsychotic treatment resistance is a challenge for scientists and causes disability
and high personal and social burden. Those patients could benefit from new genera-
tion treatments like immunotherapy. Some immunological markers can predict severe
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psychosis and poor treatment response on antipsychotics [14, 22, 25]. In the future,
we could define precise immunological markers that may predict antipsychotic
resistance and good response to immunotherapy.

The inflammatory status can differ between acute exacerbation phases and
residual phases [16, 30]. Thus, inflammation markers could be used to predict
and diagnose psychotic relapses or first episode psychoses in addition to clinical
examination.

Multicenter large trials are needed with study of lymphocytes numbers and
subtypes, cytokines types and with control of confounding factors. Dosage of
anti-inflammatory treatments and interactions with antipsychotics should also be
addressed. New strategies based on auto-immune model can broaden the therapeu-
tic arsenal.

A novel axis of research based on the “gut-brain theory” should be considered
in future research. In this theory, the intestinal microbiota composition could play
arole in many central nervous system diseases through a bidirectional pathway
between gut and brain [92]. Mechanisms of this interplay probably involves neuro-
humoral communication, vagus nerve signals and tryptophan metabolism [75].

5. Conclusions

The role of immunity in the pathogenesis of psychosis is now established, at
least in a subgroup of patients. The challenge is to determine solid criteria to recog-
nize this subgroup with possible benefit from immunotherapy. Another challenge is
to develop efficient therapies based on immune system interactions with acceptable
tolerance.
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Chapter 6

The Role of Epigenetics in
Psychosis

Esmaeil Shahsavand Ananloo

Abstract

Epigenetics (genome - environment interaction) is the study of mitotically
heritable, but reversible changes in gene expression without any change in DNA
modifications and the chromatin structure. Transition to psychosis is a complex and
longitudinal process during which epigenetic changes have been hypothesized and
investigated. This process is especially important in individuals at high/ultrahigh
risk for psychosis, before the development of full-blown psychosis. Psychoses is a
range of complex disorders, where genetic variants explain only a portion of risk.
Neuro-epigenetic mechanisms may explain the remaining share of risk, as well as
the transition from susceptibility to the actual disease. There is a need for computa-
tional model of psychosis integrating genetic risk with environmental factors (epi-
genetic) associated with the disorder to discover its pathophysiological pathways.
Epigenetic dysregulation of many genes has been widely speculated that are impor-
tant factors involved in etiology, pathophysiology, and course of the psychoses, such
as schizophrenia, and mood disorders with psychotic features. In addition, the role
of epigenetic changes, including histone and DNA modifications and also targeting
microRNAs in the treatment of psychoses is a new field of investigations.

Keywords: psychosis, epigenetic, etiology, pathophysiology

1. Introduction

Epigenetic mechanisms, link between the environment and the genome, are
known to play a major role in the structure and also physiology of the human
central nervous system (CNS), such as learning, memory, circadian clock and
neural plasticity [1-4]. During the last decade, a huge amount of investigations in
multi-omics era, including genomics, transcriptomics, proteomics, metabolomics,
lipidomics, microbiomics, epigenomics, interactomics, and connectomics have
pushed brain development into the “big data” era [5-10]. Multi-directional dif-
ferentiation ability and self-renewal are two primary properties that characterize
embryonic stem cells [11, 12]. The major cell types in the CNS, including neurons,
astrocytes, and oligodendrocytes are generated from common neural stem cells
(NSC) [13, 14]. There is a large number of interdependent factors, such as epigen-
etic modifications, pro-inflammatory cytokines, intracellular signaling pathways,
and protein complexes play important role in regulating the differentiation
potential and fate specification of NSC [11, 15-17]. It is known that the epigenetic
mechanisms play an important role, not only in neurogenesis during the periods of
fetal life and childhood, but also in neurogenesis takes place during adulthood in
the mammalian brain [18].

77 IntechOpen



Psychosis - Phenomenology, Psychopathology and Pathophysiology

Recent studies highlighted that microRNAs (miRNAs) as a type of epigenetic
modifications, have the pivotal role in balancing the switch from self-renewal
to differentiation of embryonic stem cells (ESCs) [19]. Evidence has shown that
specific circular RNA (circRNA) expression patterns are significantly associated
with adult stem cell self-renewal and differentiation [17]. Epitranscriptomics
(chemical modifications on RNA), including N6-methyladenosine (m°A),
2-0O-dimethyladenosine (m°A,,), N1-methyladenosine (m'A), 5-methylcytosine
(m°C), and isomerization of uracil to pseudouridine (¥) has recently garnered
attention, and has biological consequences, such as embryonic stem cell differen-
tiation, brain development, and neurodevelopmental disorders [20, 21].

In the field of mental disorders, epigenetic mechanisms are thought to play a
major role in the pathogenesis of the psychoses, including schizophrenia (SCZ) and
bipolar disorder (BD) [22-24].

In this review article, after a brief introduction, I will discuss around: 1) the
concept of epigenetics, including its definition and applications, 2) epigenetics and
psychosis, including an overview of psychosis, and short references to the roles of
genetics, environment, and epigenetics in psychosis, 3) the epigenetics findings
in psychosis, including a dynamic approach to psychosis, epigenetic findings in
prodromal phase of psychosis, in first-episode psychosis, in overt psychosis, and in
methamphetamine-induced psychosis.

2. The concept of epigenetics
2.1 Definition

In as early as 1942, Conrad Waddington (as an embryologist) first defined the
field. Epigenetics means “above” or “on top of ” genetics. Epigenetics is the study of
mitotically heritable, but reversible, changes in gene expression that occur without
a change in the genomic DNA or histone sequences, principally through modifica-
tions in chromatin structure, including DNA and histone. Epigenetics is the study
of how our behaviors and environment can cause changes that affect the way our
genes work.

The epigenome is a dynamic concept, and refers to the biological mechanisms,
which regulate gene expression (such as DNA methylation). Although the epig-
enome can be altered by environmental factors, but it is stable overall [25].

2.2 Epigenetic mechanisms

These mechanisms are necessary for the regulation of gene expression and
chromatin architecture at a genome-wide level in mammalian, including human
cells, and play critical roles in both normal human development and disorders.
Epigenetic modifications are tissue specific. There are several known mechanisms
for epigenetic modification. These mechanisms are DNA and histone posttrans-
lational modifications, including methylation, acetylation, phosphorylation, and
ubiquitination, and also non-coding RNAs regulation. The methylation of DNA
cytosine residues at the carbon 5 position is a common epigenetic modification that
is often found in the sequence context CpG [26].

2.3 Epigenetic applications

Interest in the field of epigenetics, as well as the usage of the term, have
increased significantly over the last few years [27]. Up to the January of 2021,
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there are 102,898 citations (29,879 reviews, 424 systematic reviews, 328 meta-
analyses, and 72,267 other types of articles, including original articles) related to
“epigenetics” in PubMed. In 2004, however, this number was 1017 (85 article every
month), and rose to 13,125 in 2020 (1094 article every month; ~ 13 times more). In
addition, there are 1,016 citations (116 reviews, 26 systematic reviews, 39 meta-
analyses, and 835 other types of articles, including original articles) related to
“epigenome-wide association study”.

The concept of epigenetic has spread into different fields, that do not address
just the genetics, such as neuroscience [28, 29], physiology [30, 31], psychiatry
[32-34], addiction [35], stress [36-38], and aging [39, 40].

Complex disorders, such as endocrine, cardiovascular, skin, autoimmune,
or mental disorders, result from complex interactions between genes and the
environment. For example, increased DNA methylation variability may be
involved in obesity [41], ischemic heart disease [42], or major depression disorder
[43, 44]. Regarding the psychosis, there are 294 citations (118 reviews, 5 system-
atic reviews, 2 meta-analyses, and 169 other types of articles, including original
articles) related to “epigenetic and psychosis”, and 1058 citations (416 reviews,
13 systematic reviews, 7 meta-analyses, and 622 other types of articles, including
original articles) related to “epigenetic and schizophrenia” in PubMed (accessed
on January 2021).

3. Epigenetics and psychosis
3.1 An overview to psychosis

Psychotic disorders are among the frequent and disabling human disorders.
In recent years, the concept of psychosis has moved from just a chronic disorder
to a more dynamic paradigm. Psychosis is now conceptualized as a progressive
mental disorder with transitions across several stages: early vulnerability, at-risk
or ultra-high risk (UHR) mental state, first episode, and chronic disorder [25].
Schizophrenia and BD are chronic mental disorders, both considered as “major
psychosis”; they are thought to share some pathogenetic factors involving dysfunc-
tional gene x environment interactions [45]. They have heterogeneous psychiatric
phenotypes, and their etiology and physiopathology still remain largely unknown
[24, 46]. Psychotic disorders are highly heritable, and have polygenic inheritance
underlain by pleiotropic genes [34]. So, both the genetic and environmental fac-
tors are involved in the etiology and course of the major psychoses, such as major
depressive disorder (MDD), BD, and SCZ [47, 48].

3.2 An overview to the role of genetics in psychosis

Although some progress has been made in the understanding of genetic phys-
iopathology of psychoses, and despite success in identifying cytogenetic deletions
or insertions, and also genetic variants and polymorphisms associated with them,
it seems that the molecular genetic findings could not yet to elucidate the exact
molecular pathogenesis of different forms of psychoses [49]. Many candidate genes
have been identified showing a very high genetic heterogeneity of psychoses. These
genes are overrepresented in synaptic and neurotransmission pathways. Different
types of common and rare genetic variants, including single nucleotide polymor-
phisms (SNPs) and copy number variations (CNVs) with small or large effects
have also been identified in the last years. The genetic variations may impact on
local DNA methylation patterns [50]. All of these findings are important in clinical
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practice as they can lead to therapeutic challenge or genetic counseling, but only a
small fraction of psychosis could be easily explained by genetics [24].

3.3 An overview to the role of environmental factors in psychosis

Regarding the role of environmental factors in psychosis, many stressful life
events, including obstetric complications, mother tobacco use during the preg-
nancy, and her physical inactivity, childhood trauma, emotional abuse, physical
neglect, heightened sensitivity to stressful events, childhood and adolescent low
functioning, affective comorbidities, male gender, single status, unemployment
and low educational level have been reported [23, 51]. Trauma during the childhood
mediates the epigenome and gene expression profile, and could provide a mecha-
nism underling psychosis [22].

3.4 An overview to the role of epigenetics in psychosis

A large amount of epigenetic research in mental health was performed during
the last decade. The results of these efforts have “revolutionary” potentials for the
development of new interdisciplinary models of mental health [52]. Evidence show
that the risk factors for psychosis were not solely due to the DNA sequence, but also
abnormal epigenetic modifications have important role in the etiopathology of these
disorders [53]. It has been widely speculated that a wide range of epigenetic modifi-
cations of the genome, such as DNA methylation, post-translational histone modifi-
cations (in particular the histone 3 lysine 4; H3L4), and non-coding RNAs (such as
miRNAs) may mediate gene—environment interactions at the molecular level, and
through transcription factors modulate the expression of psychiatric phenotypes,
including the variability in symptom severity and family heritability [34, 46].

Several studies have investigated the epigenetic pattern, including DNA meth-
ylation pattern in patients with major psychosis in different tissues and associated
this epigenetic modification with psychiatric phenotype [54-57]. The main hypoth-
esis for the development of psychotic disorders, proposes that a combination of
genetic and environmental factors, during critical periods of brain development,
including prenatal and postnatal periods increase the risk for these disorders [46].
The epigenetic mechanisms are important heritable and dynamic means of regu-
lating various genomic functions, including gene expression. These mechanisms
orchestrate brain development, adult neurogenesis, and synaptic plasticity. These
processes when perturbed are thought to contribute to psychosis, such as SCZ
pathophysiology [58]. However, new epigenetic technologies may be able to uncover
etiopathogenic mechanisms of major psychosis [59]. For example, There are
significant differences were detected in both CpG and CpH modifications between
patients with SCZ and healthy controls [59].

4. The epigenetics findings in psychosis
4.1 Epigenetics findings in prodromal phase of psychosis

The research about the complex interactions between the stressful life events
with dysregulation of biological stress response systems (such as hypothalamic—
pituitary-adrenal [HPA] axis) and genes; epigenetic changes; in one hand, and
the initial emergence of psychosis, on the other hand, has increasingly focused on
the prodromal phase of psychosis, the period of functional decline that precedes
clinical illness [51]. In comparison with general population, childhood adversity
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rates would be higher in people at UHR of psychosis [60]. Several models, such as
dysfunctional cognitive patterns, and epigenetic dysregulation have been cited to
explain the link between trauma and the subsequent onset of psychosis [60].

It has been estimated that around 30 to 40% of UHR individuals convert to full-
blown psychosis in the following 24 to 36 months [61]. Conversion to psychosis,
especially in high and/or UHR individuals is a longitudinal process during which
several epigenetic changes have been described [25]. As a few examples, it has
been reported that conversion to psychosis is associated with specific methylation
changes in two regions, including 1q21.1 and a cluster of six CpG regions located
in glutathione s-transferase mu 5 (GSTM5) gene (chrlpl3.3) promoter [62]. Bang
etal. [63] suggest that epigenetic alterations of oxytocin receptor (OXTR) gene,
located on chromosome 3 (chr3p25.3) can be detected before the development of
full-blown psychosis (Table 1).

Chromosomal region Gene Epigenetic Reference
modification
chr1p13.3 glutathione s-transferase mu 5 (GSTM5); Methylation [62]
six CpG regions

Two regions of Intergenic Methylation [62]
chriq21.1

chr3p25.3 oxytocin receptor (OXTR) Methylation [63]

Table 1.

An overview to the epigenetic studies in prodromal phase of psychosis.

4.2 Epigenetics findings in first-episode psychosis

The onset of psychosis is the result of complex interactions between genetic
vulnerability to psychosis and response to environmental and/or developmental
changes. Epigenetic modifications mediate the interplay between genes and envi-
ronment leading to the onset of psychosis [62]. It has been hypothesized that the
neural diathesis-stress model proposes that different stressors act on a pre-exist-
ing vulnerability and thus triggers the presenting symptoms of psychosis [64].

The global DNA hypomethylation; increased methylation and reduced
gene expression of GTP cyclohydrolase 1 (GCHI, located on chromosome 14
[chr14q22.2]), hyperexpression of udE neurodevelopmental protein 1 like 1
(INDEL1, located on chromosome 17 [chr17p13.1]), AKT serine/threonine kinase
1 (AKT1, located on chromosome 14 [chr14q32.33]), DICER1 antisense RNA1
(DICERI1, located on chromosome 14 [chr14g32.13]), and hypoexpression of drosha
ribonuclease III (DROSHA, located on chromosome 5 [chr5p13.3]), catechol-O-
methyltransferase (COMT, located on chromosome 22 [chr22q11.21]), and dis-
turbed in schizophrenia 1 (DISC1, located on chromosome 1 [chrlg42.2]) have all
been reported in first-episode psychosis [22].

Hypomethylation has been founded among all CpGs analyzed within the promoter
of glutamate ionotropic receptor NMDA type subunit 2B (GRIN2B) gene, located
on chromosome 12 (chr12p13.1) in patients with first-episode patients with SCZ and
greater LINE-1 type transposase domain-containing protein 1 (LITD1P1) gene, located
on chromosome 1 (chr1p31.3) methylation in patients and their siblings [65].

Human endogenous retroviruses (HERV) have been widely associated with the
etiology of SCZ. The lower endogenous retroviral sequence K 2 (ERVK2, located on
chromosome 19 [chr19q11]) methylation levels have been reported at early stages of
SCZ [66].
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Chromosomal region Gene Epigenetic Reference
modification

chr14q22.2 GTP cyclohydrolase 1 (GCH1) Hypermethylation [22]

chr17p13.1 udE neurodevelopmental protein 1 Hyperexpression [22]
like 1 (NDEL1)

chr14q32.33 AKT serine/threonine kinase 1 Hyperexpression [22]
(AKT1)

chr14q32.13 DICERI1 antisense RNA1 (DICER1) Hyperexpression [22]

chr5p13.3 drosha ribonuclease III (DROSHA) Hypoexpression [22]

chr22q11.21 catechol-O-methyltransferase Hypoexpression [22]
(CoOMT)

chr13q33.1 disturbed in schizophrenia 1 Hypoexpression [22]
(DISC1)

chr12p13.1 glutamate ionotropic receptor Hypomethylation [65]
NMDA type subunit 2B (GRIN2B)

chrlq42.2 LINE-1 type transposase domain- Hyperexpression [65]
containing protein 1 (L1TD1P1)

chr19q11 endogenous retroviral sequence K Hypomethylation [66]
2 (ERVK?)

chri12p13.1 glutamate ionotropic receptor Hyperexpression [67]
NMDA type subunit 2B (GRIN2B)

Table 2.

An overview to the epigenetic studies in first episode psychosis.

Working memory and executive functions impairments emerge in first-episode
psychosis, and even prior to its onset. It has been reported that NMDA receptor
hypofunction is a feature of early postnatal development, with epigenetic hyper-
repression of the glutamate ionotropic receptor NMDA type subunit 2B (GRIN2B),
located on chromosome 12 (chr12p13.1) promoter being a contributing factor. This
loss of NR2B protein may induce synaptic dysfunctions during development and
may underlie early cognitive impairments in patients with SCZ (Table 2) [67].

4.3 Epigenetics findings in overt psychosis

Although numerous studies have examined psychosis-associated gene expression
changes, epigenetic studies of psychosis are in their infancy [55]. For example, it seems
that DNA methylation plays an important role in SCZ; directly as a mechanism of
pathogenesis or as a risk biomarker [68]. Different epigenetic modifications have been
reported in psychosis, genes implicated in dopaminergic, serotonergic, GABAergic and
glutamatergic pathways [45, 46]. Specific changes in promoter DNA methylation activ-
ity of genes related to SCZ such as reelin, BDNF and GAD67, and altered expression
and function of mGlu2/3 receptors in the frontal cortex have been reported [45].

Abnormal neuronal processes, including dopamine imbalance, may be the cen-
tral to the pathogenesis of major psychosis. DNA methylation, transcriptomic, and
genetic-epigenetic interactions in major psychosis converged on pathways of neuro-
development, synaptic activity, and immune functions [69]. It has been suggested
that hypomethylation of the enhancer at insulin-like growth factor 2 (IGF2, located
on chromosome 11 [chr11p15.5]) may enhance dopamine synthesis associated
with major psychosis. This enhancer targets the nearby tyrosine hydroxylase (TH,
located on chromosome 11 [chr11p15.5]) responsible for dopamine synthesis [69].
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Walton et al. [70] suggest that epigenetic alterations (DNA methylation) in
genes implicated in neurodevelopment (such as Sp6 transcription factor; [SP6]
gene, located on chromosome 17 [chr17q21.32]) may contribute to a brain-based
biomarker (amygdala/hippocampal volume ratio) of psychotic psychopathology.

Reelin (RELN) is a large secreted extracellular matrix glycoprotein that helps
regulate processes of neuronal migration and positioning in the developing brain by
controlling cell-cell interactions [71]. Reelin located on chromosome 7 (chr7q22.1)
is one of the most frequently studied candidates in methylation studies of SCZ [26].
Reelin is mostly synthesized in GABAergic neurons of corticolimbic structures.
Reelin binds to AUP1 lipid droplet regulating VLDL assembly factor (AUP1, located
on chromosome 2 [chr2p13.1]), apolipoprotein E (APOE, located on chromosome 19
[chr19q13.32]), and a3p2 Integrin receptors located on dendritic shafts and spines
of postsynaptic pyramidal neurons. It has been shown that altered RELN expression
in patients with SCZ and BD patients is associated with altered epigenetic homeo-
stasis [72].

The loss of the human brain regions laterality (such as in temporal lobe, basal
ganglia and white matter microstructure) is one of the most consistent modalities in
SCZ and BD [73-75]. This loss of brain laterality corresponds to aberrant epigenetic
regulation of transforming growth factor beta 2 (TGFB2, located on chromosome
1 [chrlq41]) and changes in transforming growth factor beta superfamily (TGFp)
signaling [76]. These findings may be potential avenues for disorders prevention/
treatment.

In their metagenome-wide association study (MWAS), Aberg et al. [26] found
that MINDY? lysine 48 deubiquitinase 2 (MINDY2, located on chromosome 15
[chr15q21.3-q22.1]), a part of the networks regulated by microRNA (as an epigen-
etic regulator), is linked to neuronal differentiation and dopaminergic gene expres-
sion [77-79], that has potential relevance to SCZ.

Epigenetic alterations of oxytocin receptor (OXTR) gene, (located on chromo-
some 3 [chr3p25.3]) occur across psychotic disorders. It has been reported that
patients with SCZ (especially in women) show higher levels of DNA methylation.
This pattern of OXTR methylation is associated with poorer emotion recognition,
smaller volumes in temporal-limbic and prefrontal regions [80].

Discoidin domain receptor 1 (DDR1) gene is located on chromosome 6
(chrép21.33). DDR1 hypermethylation has been found in patients with psychosis.
This hypermethylation is associated with mental stress, and neutrophil-to-lympho-
cyte ratios [81].

The brain parvalbumin deficits are a consistent finding in SCZ and models of
psychosis. Greater methylation of parvalbumin (PVALB) gene, located on chro-
mosome 22 (chr22q12.3) is found in hippocampus of the patients with SCZ. The
LINE-1 type transposase domain-containing protein 1 (LITD1P1) gene methylation,
as a measure of global methylation, is also elevated in both regions of hippocampus
and prefrontal cortex in SCZ [82].

Associations between altered DNA methylation of the serotonin transporter-
encoding gene (SLC6A4, located on chromosome 17 [chr17q11.2]), and early life
events, and mood disorders have been reported. Childhood trauma exposure may
be a robust environmental risk factor for psychosis. However, not all exposed
individuals develop psychotic symptoms later in life [83]. Hypermethylation of the
CpG site in SLC6A4 is involved in the pathophysiology of SCZ, especially in male
patients harboring low-activity 5-HTTLPR alleles [84].

Histone deacetylases (HDACs) are enzymes that regulate cognitive circuitry.
HDAC expression positively correlate with cognitive performance scores [85].
Postmortem brain studies support dysregulated expression of the histone deacety-
lase enzymes, HDAC1 and HDAC2, as a central feature in disorders, including SCZ
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Chromosomal region Gene Epigenetic Reference
modification

chr11p15.5 insulin-like growth factor 2 (IGF2) Hypermethylation [69]

chr17q21.32 Sp6 transcription factor; (SP6) Hypermethylation [70]

chr7q22.1 Reelin (RELN) Hypoexpression [72]

chrig41 transforming growth factor beta 2 Hypoexpression [76]
(TGFB2)

chr15q21.3-q22.1 MINDY?2 lysine 48 deubiquitinase 2 Hypoexpression [77-79]
(MINDY2)

chr3p25.3 oxytocin receptor (OXTR) gene Hypermethylation [80]

chr6p21.33 discoidin domain receptor 1 Hypermethylation [81]
(DDR1)

chr22q12.3 parvalbumin (PVALB) Hypermethylation [82]

chrlq42.2 LINE-1 type transposase domain- Hypermethylation [65]
containing protein 1 (L1TD1P1)

chr17q11.2 serotonin transporter-encoding Hypermethylation [83, 84]
gene (SLC6A4)

chr1p35.2-p35.1 histone deacetylase 1 (HDAC1) Hypoexpression [85]

Chr6q21 histone deacetylase 2 (HDAC2) Hypoexpression [85]

Table 3.

An overview to the epigenetic studies in overt psychosis.

and BD [86]. It has been reported that HDAC expression is lower in the dorsolateral
prefrontal cortex (DLPFC) and orbitofrontal gyrus, and higher relative HDAC
expression in the cerebral white matter, pons, and cerebellum of patients with SCZ
(Table 3) [85].

In utero exposure to diethylstilbestrol (DES), psychosis is associated with
specific methylomic modifications that could impact neurodevelopment and
neuroplasticity [87].

It seems that the neuronal synapses are fundamental units of mental activities.
Despite the diverse origins of specific molecular dysfunctions of mental disorders,
disruption of synaptic regulation, which is fundamental to behavioral adaptation
to the environment, is so important. A novel class of molecular regulators of fine
synaptic tuning known as long non-coding RNA (IncRNA) operates as epigenetic
modifiers and enhancers of proteome diversity [88]. Non-coding RNAs, includ-
ing specific microRNAs and IncRNAs provide a novel and complex mechanism
of gene regulation [89]. Evidence shows remarkable alterations of the expression
of IncRNAs in mental disorders, such as SCZ, suggesting the disruption of fine
synaptic tuning underlying psychosis [88].

4.4 Epigenetics findings in methamphetamine-induced psychosis

Methamphetamine (MAP) causes severe substance dependence and psychosis,
similar to SCZ, through the alterations in gene expression [90]. Evidence shows
that epigenetic factors may play important role in methamphetamine psychosis.
Nohesara et al. [91] found statistically significant DNA hypomethylation of the
promoter regions of dopamine receptor D3 (DRD3, located on chromosome
3 [chr3q13.31]), dopamine receptor D4 (DRD4, located on chromosome 11
[chr11p15.5]), MB-COMT, and AKT1 associated with increased expression of the
corresponding genes in patients with methamphetamine psychosis. It is suggested
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Chromosomal region Gene Epigenetic Reference
modification
chr3q13.31 dopamine receptor D3 (DRD3) Hypomethylation [90]
chr11p15.5 dopamine receptor D4 (DRD4) Hypomethylation [90]
chr22q11.21 catechol-O-methyltransferase (COMT) Hyperexpression [90]
chr14q32.33 AKT serine/threonine kinase 1 (AKT1) Hyperexpression [90]
chr7q22.1 Reelin (RELN) Hypoexpression [89]
chr10p13 tRNA aspartic acid methyltransferase 1 Hypoexpression [89]
(TRDMT1)
Table 4.

An overview to the epigenetic studies in methamphetamine-induced psychosis.

that MAP can alter DNA methylation of RELN and tRNA aspartic acid methyltrans-
ferase 1 (TRDMT1, located on chromosome 10 [chr10p13]) genes in hippocampus

dentate gyrus, and decrease in RELN mRNA in the frontal cortex. These alterations
might be related to SCZ-like psychotic symptoms of MAP psychosis (Table 4) [90].

5. Summary and future directions
5.1 Summary

In this review article, after a brief introduction, I discussed the concepts of
psychosis and epigenetics, and also references to the roles of genetics, environment,
and epigenetics in psychosis. In addition, I mentioned the epigenetics findings in
prodromal phase of psychosis, first-episode psychosis, overt psychosis, and also in
methamphetamine-induced psychosis.

Psychotic disorders, such as SCZ and BD are among the frequent, disabling,
progressive, and chronic human mental disorders, and have heterogeneous psychi-
atric phenotypes. Psychosis has several stages, including early vulnerability, at-risk
or ultra-high risk mental state, first episode, and chronic disorder. It seems that dys-
functional genes x environment interactions influence their pathogenesis. Psychotic
disorders are highly heritable, and have a polygenic inheritance pattern. Despite
success in identifying cytogenetic changes, many candidate genes in synaptic and
neurotransmission pathways, and also genetic polymorphisms, including SNPs
and CNVs associated with psychosis, the molecular genetic findings could not yet
explain its exact molecular pathogenesis. Although all of these findings are impor-
tant in clinical practice, such as therapeutic challenge or genetic counseling, but
only a small fraction of psychosis could be easily explained by genetics. However,
the genetic variants explain only a portion of risk, and the epigenetic mechanisms
may explain the remaining share of risk. In addition, many stressful environmental
factors, such as obstetric complications, childhood trauma, different forms of
child abuse or neglect have also been reported to play roles in the association with
psychosis. These factors mediate the epigenetic modifications, and could provide a
mechanism underling psychosis.

Epigenetics means “above” or “on top of ” genetics. It refers to the biological
mechanisms, which regulate gene expression. Epigenetics is the study of reversible
changes in gene expression without any change in chromatin structure. The DNA
methylation of cytosine residues at the carbon 5 position is a common epigenetic
modification. Interest in the field of epigenetics has increased significantly over
the last few years. It plays a key role in the structure and also physiology of the
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human CNS, and also in the development of complex disorders, such as endocrine,
cardiovascular, skin, autoimmune, and mental disorders. Epigenetic mechanisms,
including DNA and histone modifications, and also non-coding RNAs are especially
important mechanisms to detect the people with high/ultrahigh risk for psychosis.
A large amount of epigenetic research in mental health was performed during
the last years, and these efforts have “revolutionary” potentials for the develop-
ment of new interdisciplinary models of mental health. The main hypothesis for
the development of psychotic disorders, proposes that a combination of genetic,
environmental, and developmental factors increase the risk for these disorders.
It has been widely speculated that a wide range of epigenetic modifications of the
genome may mediate gene—environment interactions and modulate the expression
of psychiatric phenotypes. There are some epigenetic dysregulations in prodromal
phase of psychosis, to find the people at UHR of psychosis. During the conversion
to psychosis, especially in high and/or UHR individuals, several epigenetic changes
have also been described. Epigenetics findings in first-episode psychosis shows that
the epigenetic modifications of many genes lead to the onset of psychosis. In addi-
tion, numerous studies have examined many psychosis-associated gene expression
changes in overt psychosis, including methamphetamine-induced psychosis. For
example, several epigenetic modifications in genes implicated in dopaminergic,
serotonergic, GABAergic and glutamatergic pathways, have been reported in
psychosis.

5.2 Future directions

Attempting to predict future is so difficult. This is particularly true in the field
of psychiatry. This in mainly due to essential deficiencies in understanding the etio-
pathogenesis of mental disorders. For example, mapping the relationship between
human epigenetics and mental and psychiatric phenotypes is a challenging task. It
is essential to shift paradigm in understanding the etiology and pathophysiology of
different forms of psychosis.

During the last years, a large amount of studies in multi-omics era have pushed
brain development into the “big data” era, and may promise to answer major ques-
tions of psychiatry [92]. Nowadays, there are available web-based tools for integra-
tion and interpretation of omics data. Although a large amount of studies has been
performed and significant progress has been made in past years, different factors,
including the high heritability, clinical heterogeneity (etiological and symptom-
atological), and genetic and epigenetic heterogeneity of psychosis still post as
major challenges to the epigenetic dissection of this complex syndrome. However,
understanding of epigenetic mechanisms is important to understand the pathogenic
pathways in complex disorders, including psychosis [93]. The epigenetic studies
could represent a promising approach to better understanding and treating mental
disorders. The methylation modifications may be used as diagnostic markers of
disorder phenotype and predict the progression and response to treatment. So, the
targeted epigenetic pharmacotherapy, in combination with other types of effective
interventions, will be effective for future personalized psychiatry for patients [94].

Despite significant progress in identifying the mechanisms underlying psycho-
sis, there are no valid biomarkers for both disorder phenotyping and treatment
response. It seems that psychiatric diagnosis based on biomarkers will be more valid
and reliable than symptoms-based diagnosis. The discovery of biomarkers, such as
epigenetic biomarkers in mental disorders will help in the prevention, diagnosis,
and treatment of patients with these disorders [95]. DNA methylation may play an
important role in psychosis as a biomarker of risk. Blood DNA-methylation signa-
tures show promise of serving as a biomarker of SCZ [96]. However, the sensitivity
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and stability of epigenetic alterations in specific genes make them promising
candidates for robust biomarkers [94, 97].

Finally, there is a need for computational model of psychosis integrating genetic
risk with environmental, and developmental factors associated with the disorder to
discover its pathophysiological pathways, and more accurate treatment targets for
psychosis. Hopefully, the epigenetics may provide new insights into a more compre-
hensive interpretation of mental disorders, such as psychosis and might eventually
improve the nosology, treatment, and prevention of these complex disorders.
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Chapter 7

DNA Methyltransferases and
Schizophrenia: Current Status
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Abstract

Schizophrenia (SZ) is a complex disorder without a single cause but with
multiple etiologies. Monozygotic twin studies suggesting high discordant rates pro-
vide evidence for epigenetic mechanisms among the factors that result in increased
susceptibility. Among the different epigenetic modifications in mammals, DNA
methylation mediated by DNA methyltransferases (DNMTSs) is the most-well
studied. Studies on post-mortem brain samples and blood samples of SZ patients
revealed altered levels of most DNMTs. In addition, some recent studies also
reported disease-associated SNPs in the DNMT genes. While the effects of
dysregulation of DNMTs are beginning to be understood, many unanswered ques-
tions remain. Here, we review the current evidences that shed light on the relation-
ship between DNMT dysregulation and SZ, and suggest the possible strategies to
address some of the unanswered questions.

Keywords: Schizophrenia, DNA methyltransferases, DNA methylation,
Dysregulation, Abnormal neurogenesis

1. Introduction

Schizophrenia (SZ) is a severe and chronic mental disorder with an incidence of
~1%, affecting ~20 million people worldwide [1]. The main symptoms of SZ
include hallucination, delusion, abnormal disorganized behavior, disorganized
speech, disturbances of emotions such as marked apathy, etc. The disorder is asso-
ciated with considerable disability and can affect educational and occupational
performance with 2-3 times increased likelihood of death earlier than the general
population [2].

SZ is a complex disorder with no single causative factor but with multiple
etiologies (Table 1). The five main factors that are believed to result in increased
risk are: physical and chemical changes in brain [3], pregnancy or birth complica-
tions [4], childhood trauma [5], genetic [6] -and epigenetic [8]. Among these, a
high risk among first-degree relatives compared to the general population and
increased risk in monozygotic than dizygotic twins suggest genetic factors [7].
However, the observed concordance rates (~50%) in monozygotic twins that were
much lesser than expected for a purely genetic risk (nearly 100%) suggest the
contribution of epigenetic mechanisms to SZ [9].

Recent data based on brain imaging and molecular-genetic studies suggest that
SZ is a form of neurodevelopmental disorder [10]. The neurodevelopmental
hypothesis for SZ suggests pathological neurodevelopment during first and second
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S.  Factor Comment References
No
1  Physical and Subtle structural changes have been observed in post- [3]
chemical changes in ~ mortem brain samples of SZ patients. Imbalances in
brain. neurotransmitters such as dopamine and glutamate have

been linked to SZ.

2 Pregnancy or birth Low birth weight, infection during pregnancy, asphyxia, [4]
complications premature labour, maternal obesity diagnosis in pregnancy,
etc. have been associated with SZ in the offspring.

3 Childhood trauma There is an increased risk to experience SZ if there is death  [5]
or permanent separation of one or both parents.

4 Genetic The risk in identical twins (1 in 2) is four times higher than  [6, 7]
non-identical twins (1 in 8). These risks are much higher
than for general population (1 in 100).

5  Epigenetic Monozygotic twins show only 45-50% concordance. [8,9]

Table 1.
Risk factors for schizophrenia.

trimesters of pregnancy results in altered neuronal circuits which in turn result in
psychosis in adolescents or young adults when exposed to increased biological or
psychological stress. Evidences in support of this hypothesis comes from genetic
studies that identified affected genes and risk factors during perinatal life that may
disrupt the normal process of neurodevelopment. In addition, studies over the past
20 years showed that in comparison with controls, SZ patients after the onset
exhibit accelerated aging-related loss of brain tissue [11]. Specifically, the patients
show increased age-related reduction in the proportion of grey matter compared
with controls [12]. These findings suggest that altered neurodevelopment may
underlie the processes associated with SZ.

2. Epigenetic mechanisms

As mentioned above, evidence on the contribution of epigenetic mechanisms in
SZ comes from monozygotic twin studies wherein the concordance rates are only
~50%. This low concordance rate suggests the interplay of genes and environment
resulting in SZ. Because of this interplay, the epigenetic mechanisms have been
suggested to be among the etiological factors [8]. Epigenetic mechanisms are
defined as processes that can alter the patterns of gene expression without causing a
change in the DNA sequence [13]. These mechanisms operate at the levels of
transcription, mRNA stability and translation (Table 2). At the level of transcrip-
tion, mammalian genes can be regulated by covalent modifications of the DNA [19],
modifications of N-terminal tails of histones [15], microRNAs [20], circular RNAs
[17] and long noncoding RNAs [21]. A number of modifications of RNA have been
reported to influence mRNA stability and efficiency of translation. These modifica-
tions and their roles are described elsewhere [22, 23]. Because of epigenetic differ-
ences, genetically identical cells in a multicellular organism express different sets of
genes that confer cell type - specific identity and function [24]. The most well
studied epigenetic modification is methylation of the 5th carbon in the cytosine
residues in the genomic DNA, often referred to as cytosine methylation. This
modification mostly occurs in the CpG dinucleotides because of the maintenance
mechanism in a post-replicative manner involving hemi-methylated DNA [see
below]. As such, DNA methylation is often used as a synonym to CpG methylation
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Mechanisms Machinery Comment
1. DNA Methylation Establishment Altered methylation
Transcription and patterns and gene
+ Factor maintenance: expression patterns
i DNMTs observed in SZ [14].
Active No Unmethylated  Erasure: TETS,
transcription lranscrlpuon CpCs AID/APOBECs.
Methylated
Promoter romoter
2. Histone tail modifications Establishment: Aberrant histone
HATs, HMTs modifications were
Relaxed Condensed Erasure: HDMs  reported in SZ [15].
chromatin chromatin and HDACs.
y /Actlve X
| TR el GENE GENE
histone tai I:f,"
Active No
transcription transcription
3. MicroRNAs DROSHA, Altered miRNA profiles
Degrades mRNA  Blocks translation EXPORTIN, were reported in 57
DICER, RISC [16].
5’ A A_A 5— A A A and
’ 55 3 5 ARGONAUTE
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Tully Partially
complementary complementary
4. Circular RNAs RNA binding Multiple circRNAs have
Promotes transcription proteins, been confirmed to play
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miRNAs 4
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9%

muscleblind
(MBL), quaking
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important roles in the
occurrence and
development of SZ [17].

= deaminase.
L
RN =
Decoys  ©
RBEPs \/ Induces
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5. Long non-coding RNAs PRC1: Polycomb Long non-coding RNAs
+ }1 D ¢ Repressive are associated with SZ
IncRNA f——& L S €Coys o Group proteins.  and effects in the
‘ Blocks TFs Rﬂ: mlRNAS neuronal structure [18].
Sz > . Stabilizes mRNA
Recruits

chromatin modifiers

Table 2.

Epigenetic mechanisms in regulating gene expression.

in mammals. A family of enzymes, referred to as DNA methyltransferases
(DNMTs) are responsible for establishment and maintenance of DNA methylation
[25]. Several studies that focused on the relationship between DNA methylation and
gene expression showed an inverse correlation, meaning that DNA methylation is
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often associated with repressed state of the promoters [26]. In case of histones, the
lysines in the N-terminal tails of core histones can either be acetylated or methyl-
ated. These modifications occur on the same lysine residues and are therefore
mutually exclusive [27]. Whereas histone lysine acetylation is always associated
with gene expression, histone methylation is associated with either expression or
silencing depending on the residues involved [28]. For example, methylation at
lysine 9 of histone H3 (H3-K9) or H3-K27 is associated with silencing. On the other
hand, H3-K4 or H3-K36 methylation is associated with gene expression. Histone
methyltransferases and histone acetyltransferases are two families of enzymes for
imparting the two covalent modifications of the N-terminal tails of the core histones
[29]. As in case of DNA methylation, histone marks are also heritable. The cova-
lently modified nucleosomes from the parental chromatin are segregated equally
among the two daughter DNA molecules so that additional nucleosomes containing
histone marks identical to the parental nucleosomes are assembled [30]. Both DNA
methylation and histone modifications are reversible involving different categories
of enzymes and processes. The machinery of DNA methylation and demethylation
is described in the next section [Section 2.1]. With regard to the histone modifica-
tions, histone demethylases (HDMs), histone methyltransferases (HMTs), histone
acetyltransferases (HATSs) and histone deacetylases (HDACs) together play a role in
erasure and establishment of histone modification marks [31]. HDMs remove
methyl groups from the lysines of the core histones so that the unmethylated lysines
can be acetylated by HATs. HDACs, on the other hand, remove acetyl groups from
the acetylated lysines so that the same residues can be methylated by HMTs.

Apart from covalent modifications of the genome, long noncoding RNAs (Inc
RNAs), microRNAs (miRNAs) and circular RNAs (circRNAs) also play an impor-
tant role in regulating gene expression. Of these, circRNAs and miRNAs regulate
expression at post-transcriptional levels whereas IncRNAs can regulate at both
transcriptional and post-transcriptional levels. Lnc RNAs are >200 nucleotides, do
not encode any protein and regulate genes at the both transcriptional and post-
transcriptional levels [32]. At the level of transcription, IncRNAs either can promote
histone modifications and chromatin condensation or recruit transcription factors
to facilitate gene expression or evict transcription factors and result in gene repres-
sion. In addition, IncRNAs are also known to influence alternative splicing, poly-
some recruitment to enable translation, act as decoys for microRNAs (miRNAs) and
regulate mRNA stability. The miRNAs, on the other hand cause translational
repression of the target mRNAs. Each miRNA is ~22 bases long and can recognize
multiple targets having a few mismatches at their 3'-ends [33]. In cases, where there
is no mismatch, miRNA can induce degradation of the target mRNA sequence [34].
CircRNAs are generated by back-splicing or non-colinear splicing of pre-mRNA
molecules and may include both exonic and intronic sequences [35]. In addition to
competing with canonical splicing and controlling the levels of the corresponding
protein-coding mRNAs, circRNAs can also act as protein decoys or miRNA sponges
to regulate gene expression [36].

2.1 DNA methylation and demethylation machinery

Of the different epigenetic mechanisms influencing gene expression described
above, DNA methylation-mediated regulation of gene expression is the most-well
studied. DNA methylation is established and maintained by DNMT family of
enzymes whereas different mechanisms exist for demethylation (Figure 1A). Of
the four members of DNMTs that facilitate DNA methylation, DNMT3L does not
have an active methyltransferase (catalytic) domain. DNMT3A and 3B are de novo
methyltransferases of which DNMT3A is mainly responsible for establishment of
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Figure 1.

DNA methylation and demethylation machinery. (A) Domains of DNMTs. CXXC: Cys-X-X-Cys domain,
BAH: Bromo-Adjacent Homology domain, MTase: Methyltransferase domain, PWWP: Pro-Trp-Trp-Pro
domain, ADD: ATRX-DNMT3-DNMT3L domain (B) Cytosines are methylated by de novo
methyltransferases DNMT3A and DNMT3B with the help of DNMT3L. Only methylated CpGs are
maintained by DNMT1. (C) Different pathways of demethylation of methylated cytosines (5mC). TET: ten-
eleven translocation (TET) proteins, AID/APOBEC: activity-induced cytidine deaminase/ apolipoprotein B
mRNA editing complex, Thy: thymine. TDG: Thymine-DNA glycosylase, AP: apurinic/apyrimidinic site, BER:
base-excision repair. shmU: 5-hydroxymethyluracil, shmC: 5-hydroxymethylcytosine, 5fC: 5-formylcytosine
and 5caC: 5-carboxylcytosine.

methylation in imprinted genes whereas DNMT3B establishes methylation in
pericentric repetitive regions [37]. DNMT1 is a maintenance methyltransferase,
which methylates the daughter DNA strand in the hemi-methylated DNA generated
after replication (Figure 1B). In this process, the methylated CpG sites in the
parental strands serve as information to methylate the complementary CpG sites in
the daughter strand. Demethylation, on the other hand can be achieved by cytidine
deaminases or Ten-Eleven Translocation (TET) enzymes [38] (Figure 1C). Cyti-
dine deaminases such as activated induced cytidine deaminase (AID) and apolipo-
protein B mRNA editing enzyme catalytic polypetide 1 (APOBEC1) catalyze the
conversion of methylcytosine to thymine [39], leading to T:G mismatches. These
mismatches are repaired by base excision repair machinery that incorporates
unmodified cytosine. The TET enzymes hydroxymethylate the methylated cyto-
sines which are further processed into oxidized forms of cytosine (5-formylcytosine
and 5-carboxycytosine) that are further subjected to base excision repair resulting
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in active demethylation. Hydroxymethylcytosine results in passive demethylation
via DNA replication because of absence of methylgroup in the parental strand in the
hemimethylated DNA.

2.2 DNA methylation studies in schizophrenia

Initial studies on DNA methylation differences between SZ patients and con-
trols, and among discordant monozygotic twins focused on candidate genes identi-
fied by genetic studies. For example, Abdolmaleky et al. [40] by using DNA from
frontal lobes of post-mortem brain samples showed ~50% increased methylation in
the RELN promoter. Subsequent DNA methylation studies focused on genes
involved in Dopaminergic [41], GABAergic [42], Glutamatergic [43], serotonergic
pathways [44] of neurotransmission and genes such as BDNF [45]. These studies
used DNAs either post-mortem brain samples or peripheral blood lymphocytes.
However, the data did not always yield consistent reports. For example, in case of
BDNF promoter IV, decreased DNA methylation was observed in peripheral blood
in a study by Kordi et al. [46] whereas, Ikegame et al. [47] and Umit Sertan Gopoglu
et al. [48] reported no change in the methylation levels in the same tissue. Subse-
quent studies which used genome-wide methylation analysis identified many genes
showing statistically significant differences in DNA methylation, but the effective
values or the degree of methylation differences observed were not large enough to
demonstrate a biological effect such as altered expression. For example, in one of
the first studies, Mill et al. [49] by using microarrays identified genes RPL39 and
WDR18 with increased methylation in the promoter upstream regions of 8% and
3%, respectively. Studies conducted after these observations used a variety of tech-
nologies such as Methylated DNA Immunoprecipitation (MeDIP) — sequencing and
Mlumina-27 K and 450 K arrays and reported differentially methylated sequences
with low effective values. Importantly these studies identified genes with little or no
overlap among the top gene hits corresponding to the most significant differentially
methylated sites [50]. Nevertheless, some of these genome-wide studies also iden-
tified methylation differences in candidate genes such as COMT [51], GAD1, RELN
[52] and BDNF [53]. Although these genome-wide studies did not yield common
genes with significant differences in DNA methylation, bioinformatic analyses
revealed common pathways. For example, methylome data using the blood DNAs
revealed the involvement of functioning of the immune system [54]. This in turn is
in agreement with the genome-wide association studies that identified immune-
related genes including the major histocompatibility locus [55]. Another common
pathway identified in both blood- and DNA- based studies is the neurodeve-
lopmental processes [56]. The DNA methylation studies were also extended to
study the effects on gene expression. In one such study, Liu et al. [57] identified 16
differentially methylated sites using a case—control approach. When the
corresponding 16 genes were studied only five genes showed an inverse correlation
of expression with methylation whereas two showed a positive correlation. The
remaining genes showed no difference in the level of expression. Besides analysis of
gene-related regions of the genome, bulk DNA methylation in SZ patients was also
investigated. In such studies, Bonsch et al. [58] observed lower levels of methylation
in peripheral blood monocytes of patients among discordant monozygotic twins.
Meals et al. [59] also found a decreased global methylation levels in leukocytes of
patients compared to normal individuals. However, these studies are not in agree-
ment with Bromberg et al. [60] who did not observe any difference in the global
methylation levels in leukocytes. Overall studies on the global methylation levels
were inconclusive and likely to be influenced by factors such as age, gender, med-
ication and smoking behavior. In summary, some but not all studies observed
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significant differences in DNA methylation levels in the candidate genes whereas
genome-wide studies indicated the involvement of neurodevelopmental processes
and immune system function. These results are consistent with the model of etiol-
ogy that SZ is a complex disorder with no single causative factor.

2.3 Dysregulated DNMTs in schizophrenia

Epigenetic processes and epigenetic modifications are tightly controlled to
enable normal mammalian development. In this context, the presence of aberrant
DNA methylation patterns affecting the candidate genes suggests the possibility of
the role of dysregulation of epigenetic machinery in SZ. Investigations on
dysregulation of DNA methylation machinery in SZ dates back to 2005 when Veldic
et al. [61] reported increased DNMT1 levels in the GABAergic interneurons of post-
mortem brain tissues of SZ patients. This increase was also correlated with
increased promoter methylation and decreased expression of REELIN, an extracel-
lular matrix protein and GAD67, an enzyme involved in production of GABA.
Importantly, DNMT1 inhibitors were reported to decrease hypermethylation and
increased expression of the two genes [62]. Subsequently, HDAC inhibitors were
also shown to relieve the repression associated with DNMT1 overexpression to an
extent similar to DNMT1 inhibitors [63]. These results suggest the potential of
epigenetic drugs in ameliorating the phenotypes associated with SZ. Later
experiments in brain tissues of patients revealed that at increased levels, DNMT1
binds to REELIN, GAD67 and BDNF promoters in cortex but not cerebellum.
Further, this selective cortex-specific binding is not associated with any changes
in the levels of DNA methylation [64]. The authors suggested that increased
DNMT1-associated downregulation of the three genes can be independent of the
catalytic activity of DNMT1. As mentioned above, DNMT1 is a maintenance
methyltransferase and cannot introduce new methyl groups in the DNA.
Therefore, hypermethylation of REELIN and GAD67 is possible only if there is
de novo methylation followed by maintenance methylation of DNMT1. Not
surprisingly, overexpression of DNMT1 as well as DNMT3A was subsequently
observed in post-mortem brain samples as well as peripheral blood lymphocytes
of SZ patients [65]. Further, DNMT?3B overexpression was also reported in
peripheral blood lymphocytes but is not reported as of date in post-mortem
brain tissues of SZ patients. Since both DNMT3A and 3B are required for de novo
methylation, it is not unexpected that DNMT3B would also be overexpressed
in the brain tissues of the patients. In addition to human studies, experiments
using offspring of prenatal restrained stressed mice also confirmed the
association of increased DNMTs with SZ-associated phenotypes. In the progeny,
DNMT1 and 3A protein levels were high with increased binding of DNMT1 and
MeCP2 (Methyl-CpG binding protein 2) and repression of REELIN and GAD67
promoters [66].

Taken together, there is reasonable argument for DNMT1 and DNMT3A and,
possibly DNMT3B overexpression as risk factors for SZ. However, the information
on the number of genes dysregulated due to DNMT1 overexpression was limited
only three (REELIN, GAD67 and BDNF). By taking DNMTs as risk-conferring
genes, Saradalekshmi et al. [67] investigated whether any SNPs of DNMTs are
associated with SZ. In this case—control study, minor alleles at rs2114724 and
rs2228611 of Dumtl, rs2424932 and rs1569686 of Dnmt3B and rs2070565 in Dnumi3L
showed significant association with SZ. The authors also reported that rs2424932
showed an association in male patients whereas rs1569686 was associated with an
earlier onset in patients with family history. Bioinformatic analysis on the effects of
these SNPs suggested that the minor alleles affect the splicing of Dnmt1 or Dnmt3L
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transcript or reduce the levels of expression of Dnmt3B. However, functional
studies on these SNPs were not reported yet.

2.4 Models of dysregulated DNMTs

In the light of reports suggesting increased DNMT1 and/or DNMT3A levels as
risk factors for SZ, it is important to understand the effects of their overexpression
on neurodevelopment. Unfortunately, overexpression of DNMT1 results in mid-
gestational lethality in mice [68] making it impossible to generate animal models
with constitutive overexpression. In addition, reduction of DNMT1 protein levels,
but not its absence, appears to be an essential step for differentiation [69]. In this
context, it is also difficult to generate mice conditional alleles of Dnmt1 that enable
neurogenesis-specific overexpression. Therefore, we proposed that cell-based
models that either over express DNMT3A or DNMT1 or together serve as useful
tools for studying the effects on neurogenesis. Specifically, embryonic stem cells
(ESCs) are attractive because they provide opportunities to investigate the effects
of DNMT1 and /or DNMT3A overexpression at different stages of neural differen-
tiation. For instance, during the induction of neuronal differentiation, the ESCs are
first differentiated into embryoid bodies (EBs) to obtain progenitor cells with
ectoderm, endoderm and mesoderm specification. From EB stage, the cells can be
differentiated into neuronal progenitor cells (NPCs) and subsequently into neurons.

In order to study the effects of DNMT1 overexpression on neurogenesis, D’ Aiuto
et al. [70] utilized Dnmt1”/* (Tet/Tet), a mouse embryonic stem cell line that
overexpresses DNMT1 (Figure 2A). This cell line was generated by insertion of tet-
off cassettes between the Dumt1 promoters and the start codons of both chromo-
somes [71]. As a result, the endogenous Dnmt1 promoter expressed tTA, a
transactivator that binds to the CMV-tet operator (TetO + CMV sequence present at
the 3'-end of the tet-off cassettes. This resulted in increased expression of DNMT1 in
the Tet/Tet ESCs. When doxycycline is added to this cell line, tTA became inactive
and could not express Dnmit1 and making the genome hypomethylated. When the
Tet/Tet ESCs were used for neuronal differentiation by the authors, there was
reduction in DNMT1 levels in embryoid bodies with no difference between the
wild-type (R1) and Tet/Tet cells. However, neurons differentiated from the Tet/Tet
cells showed abnormal dendritic branching (Figure 2B), increased activity of N-
methyl-D-aspartate (NMDA) receptor (Figure 2C) and increased levels of the NR1
subunit of the receptor. In this study, the authors reported that increased DNMT1
levels did not result in any hypermethylation of Reelin or Gad67 promoters. This
finding was not surprising because DNMT1 was only a maintenance
methyltransferase and new methylation marks are established only by the de novo
methyltransferases. Although this study indicated that DNMT1 overexpression
results in abnormal neurogenesis, the effects on the levels of SZ-associated gene
transcripts, particularly on genes such as Gad67, Reelin and Bdnf were not investi-
gated.

In a recent study, Saxena et al. [72] used a modified neuronal differentiation
method that resulted in increased expression of DNMT1 in Tet/Tet neurons
(Figure 2D). These results suggested that Tet/Tet neurons were suitable for study-
ing the expression levels of SZ-associated genes in presence of increased DNMT1
levels [73]. When 15 SZ-associated genes were tested between the Tet/Tet and R1
neurons, 13 showed significantly altered transcript levels of which, 11 showed
identical patterns of dysregulation as in patients (Figure 2E). Eight of these 11 also
showed significantly altered transcript levels in Tet/Tet ESCs but the patterns were
similar to Tet/Tet neurons in only five cases. These results suggested that the
dysregulation patterns of the SZ-associated genes varied during the stages of
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(A) Generation of Tet/Tet ESC line. R1: wild-type. Oocyte (10), somatic cell (1s) and pachytene spermatocyte
(1p) promoters are shown. (B) Embryoid bodies (EBs) and neurons differentiated from R1 and Tet/Tet ESCs.
Neo/Pur: Neomycin and puromycin selection mavkers. (C) Increased NMDA receptor activity in Tet/Tet
neurons. Compared to R1 neurons, when glutamate was added, the calcium uptake is higher in Tet/Tet
neurons. This uptake is inhibited when MK801 (inhibitor of NMDA receptor) was used. (D) Western blot
analysis of DNMT1 in Tet/Tet ESCs, EBs and neurons. (E) Four distinct categories of the 15 SZ-associated
gene transcripts studied in Tet/Tet and Ra cells. Direction of change is indicated as per the color key. Red color
indicates decreased transcript levels whereas increased transcript levels are shown in blue. Absence of color
indicates no change.

pluripotency and neuronal differentiation. The authors then used doxycycline to
turn off Dnmt1 and studied whether dysregulation observed in Tet/Tet ESCs could
be reversed. Out of the eight genes tested in ESCs, the direction of transcript
dysregulation for only four genes was reversed. These results suggested that by
using DNMT1 inhibitors, it may not be possible to reverse DNMT1 overexpression-
associated dysregulation of certain SZ-associated genes. Importantly, in this study,
the authors did not observe any significant difference in the levels of methylation of
the promoters of the affected genes either in ESCs or neurons. These results indi-
cated that dysregulation of the genes studied in Tet/Tet neurons could be due to
catalytic activity-independent effects of DNMT1. While the results on the Tet/Tet
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cells undoubtedly revealed the effects of DNMT1 overexpression on a wider set of
SZ-associated genes, details on the global effects of increased DNMTT1 levels at the
transcriptome and methylome levels are still awaited.

3. Conclusions

In conclusion, molecular details that connect DNMT1 overexpression with
abnormal neurogenesis are beginning to emerge. With the availability of genome-
wide methylation and transcriptome analysis methods, it is now possible to investi-
gate the effects of DNMT1 overexpression in post-mortem brain samples of SZ
patients. However, this effort requires an understanding on the incidence of
DNMT1 overexpression in these samples. Of particular interest is to compare the
effects of overexpression of DNMT1 or DNMT3A or both during the process of
neuronal differentiation and the nature of the altered transcript levels. Whether the
genes affected are only related to SZ or other neuropsychiatric disorders or
neurodevelopmental disorders is an important question that needs to be addressed.
Such information is useful to explore the contribution of epigenetic mechanisms in
a wider spectrum of neurological disorders. In addition, improvement in the
methods for generating genetically modified ESCs, their differentiation into specific
types of neurons and development of brain organoids should help advance our
understanding of the relationship between dysregulation of DNA
methyltransferases and neurodevelopmental disorders such as schizophrenia.
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