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“…it is reasonable to speculate that some of the epigenetic changes induced by
chronic administration of therapeutic drugs may be considered by the organism as
external factors to reverse or compensate.”

One of the main characteristics of treatment of psychiatric disorders, such as schizophrenia
and depression, is the chronic administration (weeks, months or even years) of therapeutic
compounds. A recent study suggests the existence of a compensatory mechanism through
which neurons in the cerebral frontal cortex adjust the balance between two signaling
pathways in response to chronic treatment with atypical antipsychotic drugs [1]. The ability
of the system to maintain its dynamic equilibrium involves epigenetic changes in chromatin
structure that may ultimately restrain the therapeutic efficacy of schizophrenia treatment.

All life forms (microorganisms, plants and animals) function, reproduce and grow in an
environment where conditions are often changing rapidly and unpredictably. However, to
stay alive, the biological processes inside an organism need to remain mostly unchanged
despite outside events. Survival depends on the ability of an organism to maintain a dynamic
equilibrium (or homeostasis) between its internal and external environments [2]. Failure to
respond adequately may result in disease, malfunction or death. There is growing evidence
that epigenetics (the study of heritable modifications that regulate gene expression without
alterations in the underlying DNA sequences) may play an essential role in the cellular
events that facilitate the adaptation of an individual cell to its environment [3]. With this
background, it is reasonable to speculate that some of the epigenetic changes induced by
chronic administration of therapeutic drugs may be considered by the organism as external
factors to reverse or compensate.
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Schizophrenia is a neuropsychiatric condition that affects more than one percent or the
population worldwide [4]. The rates of schizophrenia are similar across populations and
apparently uncorrelated with socioeconomic status or cultural background. Diagnostic
features of schizophrenia include positive symptoms, such as hallucinations and delusions,
as well as negative symptoms, such as inability to pay attention and social withdrawal.
Treatment with either typical (e.g., chlorpromazine and haloperidol) or atypical (e.g.,
clozapine, olanzapine and risperidone) antipsychotics often results in substantial
improvement or even remission of hallucinations and delusions. However, a fifth to a third
of schizophrenic patients do not respond to antipsychotic medication, and will continue to
experience psychosis and other positive symptoms in spite of the treatment [5]. Deficits in
attention and memory function are also present in the majority of schizophrenic patients.
Importantly, clinical studies suggest that these cognitive impairments show minimal
improvement or exacerbations after treatment with atypical antipsychotic drugs [6], a
conclusion that has been further supported by rodent models of memory formation [7].
Previous findings convincingly demonstrate that chronic treatment is involved in some of
the mechanisms underlying the therapeutic effects of antipsychotic drugs, such as changes in
gene expression that affect synaptic plasticity [8]. However, it is a logical assumption that,
together with these molecular routes that are necessary for therapeutic action, chronic
administration of antipsychotic drugs will also give rise to signaling pathways through
which neurons and other cells compensate the changes caused by the treatment itself.

The neurotransmitter serotonin plays an important role in the neurochemical alterations
responsible for schizophrenia and other psychotic disorders [9]. Second generation (or
atypical) anti-psychotic drugs bind with high affinity and block the function of the serotonin
5-HT2A and other monoaminergic receptors [10]. Psychedelic drugs, such as lysergic acid
diethylamide (LSD) and psilocybin, activate 5-HT2A receptor-dependent signaling pathways
[11], and induce alterations in cognition and perception that share similarities with some of
the symptoms in schizophrenic patients [12]. Together, these findings suggest that the 5-
HT2A receptor may be at least in part responsible for psychotic symptoms in schizophrenia
patients. The glutamatergic system in general, and the metabotropic glutamate 2 (mGlu2)
receptor in particular, profoundly affect cellular signaling, electrophysiological and
behavioral responses that require expression of the 5-HT2A receptor in cortical pyramidal
neurons [13]. In particular, drugs that activate mGlu2 receptors indirectly repress the
psychosis-like states induced by psychedelics in rodent models. It has also been shown that
5-HT2A and mGlu2 receptors modulate the function of signaling pathways that exert
opposite effects on psychosis and antipsychotic-like behaviors [14, 15]. This functional
crosstalk between 5-HT2A and mGlu2 receptors may provide the basis for the explanation of
the findings obtained in mouse and human frontal cortex after chronic treatment with
atypical antipsychotic drugs [1].

“…a fifth to a third of schizophrenic patients do not respond to antipsychotic
medications, and will continue to experience psychotic and other positive
symptoms in spite of the treatment.”

The fundamental structural entity of chromatin is the nucleo-some [3]. Each nucleosome
consists of approximately two turns of DNA wrapped around an octamer of histone proteins
(H2A, H2B, H3 and H4). Histone deacetylases (HDACs) represent a large family of
epigenetic regulators that compact chromatin structure and repress gene transcription
through the removal of acetyl groups from histone tails. It has been recently shown that
chronic treatment with clozapine and risperidone, but not with the typical antipsychotic
haloperidol, decreases the density of 5-HT2A receptor in frontal cortical regions [1, 14]. This
effect of chronic atypical antipsychotic drugs on 5-HT2A receptor density has been
implicated as one of the mechanisms responsible for their antipsychotic effects. However,
chronic treatment with clozapine or risperidone also induces repressive histone
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modifications at the promoter region of the mGlu2 gene (also known as GRM2) through a
mechanism that involves 5-HT2A receptor-dependent modulation of the promoter activity of
the histone deacetylase 2 gene [1]. Thus, the effect of chronic treatment with clozapine on 5-
HT2A receptor density was accompanied by increased expression and binding of HDAC2 to
the mGlu2 promoter, findings that provide a molecular explanation for the decreased
acetylation of histone H3 at the mGlu2 promoter in postmortem frontal cortex of treated, but
not untreated, schizophrenic subjects [1]. This pattern of repressive histone modifications
induced at the promoter region of the mGlu2 gene by chronic atypical antipsychotic
treatment also correlates with mGlu2 mRNA expression. Since, as described above, mGlu2
receptor-dependent signaling pathways have been shown to oppose the cellular effects
induced by activation of the 5-HT2A receptor, together, these findings suggest a
compensatory mechanism as a possible explanation for the 5-HT2A receptor-dependent
effect of chronic treatment with atypical antipsychotic drugs on mGlu2 expression.

“…adjunctive treatment with the HDAC inhibitor SAHA prevented the repressive
histone modifications induced at the mGlu2 promoter by chronic treatment with
clozapine, and significantly improved its antipsychotic-like behavioral effects in
mouse models of psychosis and cognitive deficits.”

The next question was whether reduction of these HDAC2-dependent effects induced by
chronic treatment with atypical antipsychotic drugs at the mGlu2 promoter would improve
their clinical efficacy. Notably, adjunctive treatment with the HDAC inhibitor SAHA
(suberoylanilide hydroxamic acid) prevented the repressive histone modifications induced at
the mGlu2 promoter by chronic treatment with clozapine, and significantly improved its
antipsychotic-like behavioral effects in mouse models of psychosis and cognitive deficits
[1]. The hypothesis that inhibition of HDAC2 may represent a new therapeutic target for the
treatment of schizophrenia is supported by previous clinical trials. Thus, some, but not all, of
the studies showed that valproate (one of the functions of which is to act as a nonspecific
HDAC inhibitor) improves the clinical efficacy of atypical antipsychotic drugs, including
clozapine, risperidone and olanzapine [16–20]. However, the design of compounds that
specifically inhibit HDAC2 is definitely needed in order to validate their therapeutic use in
preclinical and clinical assays.

From a more general perspective, these findings suggest the presence of neuronal
mechanisms that maintain a dynamic equilibrium in response to external stimuli, and
provide the basis for further investigation into the limited therapeutic efficacy of drugs that
are administered chronically to treat psychiatric disorders, including schizophrenia,
depression, and bipolar disorder.
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