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SUMMARY

RESUMEN

Many precise aspects of the etiology and pathophysiology of mental
disorders are still unknown. Susceptibility to these disorders depends
in part on variability in the genome sequence among individuals. The
genotype, a given environment, a specific epigenetic profile and stochastic factors affect the phenotype, which includes body structures,
physiological processes, and behavior. Since the access to the Central
Nervous System is generally difficult and in most cases there are still
no biological tests that necessarily contribute to diagnosis, psychiatric
phenotypes are usually limited to clinical symptoms and functioning.
Therefore, researchers are currently seeking alternatives to facilitate
the identification of genetic risk factors. One strategy is to identify
measurable biological, cognitive, and behavioral markers, intermediate phenotypes, or endophenotypes, which in the best case may
be simpler than general psychiatric diagnoses, ideally with a precise
biological meaning and a more direct relationship with the action of
specific genes. Endophenotypes have been very useful in other fields
of medicine. Currently, there are several proposed criteria and specifications for endophenotypes. Examples of possible types of endophenotypes or biomarkers, as well as treatment response phenotypes in
some psychiatric disorders will be discussed in this review.

Aún se desconocen diversos aspectos de la etiología y fisiopatología de los trastornos mentales. La susceptibilidad a éstos depende en
parte de la variabilidad en la secuencia genómica en las personas.
El genotipo, un ambiente dado, un perfil epigenético específico y factores estocásticos afectan el fenotipo, el cual incluye estructuras corporales, procesos fisiológicos y conducta. Los fenotipos psiquiátricos
generalmente se limitan al funcionamiento y a los síntomas clínicos,
debido a que el acceso al Sistema Nervioso Central es complicado
y en la mayoría de los casos no hay pruebas biológicas que necesariamente contribuyan al diagnóstico. Por esta razón, en la actualidad
se buscan alternativas para facilitar la identificación de factores de
riesgo de tipo genético. La identificación de marcadores biológicos,
cognitivos o conductuales medibles, fenotipos intermedios o endofenotipos podría ser una de estas nuevas opciones. Estos marcadores
podrían ser más simples que el diagnóstico psiquiátrico general, y de
manera ideal tendrían un significado biológico preciso y una acción
más directa en los genes. El empleo de endofenotipos ha sido útil en
otras ramas de la medicina. Hasta ahora se han propuesto diversos
criterios y especificaciones para los endofenotipos. En esta revisión
se describirán posibles tipos de endofenotipos o biomarcadores, así
como fenotipos relacionados con la respuesta farmacológica en algunos trastornos psiquiátricos.
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INTRODUCTION
Mental disorders severely affect the quality of life of patients,
relatives and caregivers. They impact millions of people
worldwide and are situated among the leading causes of years
of life lost to premature death, as well as years lived with disability. Despite their relevance, so much remains unknown
about their etiology and pathophysiology. Research over the
past several decades has shown that susceptibility to these
disorders is affected in part by variability in the genome se-
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quence among individuals. In fact, it has been estimated that
approximately 0.1% of a person’s genetic recipe differs from
the recipe of a non-related person, so between them there are
more than three million differences which include some that
affect vulnerability to any mental disorder.
The genomic sequence is contained in trillions of nucleated cells in the human body. Instructions are encoded
in the language of deoxyribonucleic acid (DNA), in which
nitrogenous bases Guanine, Adenine, Thymine, and Cytosine are combined instead of letters or numbers such as ze-
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ros and ones. DNA allows specific ribonucleic acid (RNA)
chains to be formed, which in turn serve as a mold to produce polypeptide chains for proteins that are necessary for the
body’s functioning and structure; additionally, RNA participates in regulating protein production. The genome could
be considered a large masterpiece in which the chromosomes represent different volumes. Each of these volumes is
formed by a long strand of DNA that is accompanied by
some proteins. There are hundreds to thousands of genes in
each chromosome.
We can detect differences even within any of our nucleated cells. Although the two versions of our nuclear DNA,
the maternal and the paternal genomic copy, could seem almost identical, they do have differences generated mainly
by polymorphisms, but also as a result of mutations.
Genetic variations within our species range in size from
very short to very long. Currently, there are more than 54
million known short variants, which include single nucleotide polymorphisms (SNPs), insertions/deletions (indels) or
somatic mutations. As for structural changes, which affect a
sequence at least 1000 nucleotides long, more than 9 million
have been described.1 Structural changes can be deletions,
duplications, copy-number variants, insertions, inversions
or translocations. Mutations are de novo or spontaneous
genetic changes which create new alleles. They are caused
mainly by errors during DNA replication, transcription to
RNA or exposure to mutagens such as certain chemicals or
radiation. Mutations are not always transmitted to the next
generations because if they are exclusively somatic, they do
not affect germ cells. However, when they do, effects on the
phenotype are not always present. When there are at least
two alleles and the rare one is carried by in 1% or more of
the population, then the locus is considered a polymorphism
(different forms) instead of a mutation.
The term genotype refers to all the genetic makeup of
an individual, represented by all the genes and the rest of
the DNA sequence derived from both parents. In a concrete way, genotype can be used in reference to paternal and
maternal genetic information at a particular locus of the genome. In general, nucleated cells of an individual have the
same genotype, whether they are neurons, liver cells or leukocytes, or if the person is a neonate or has reached an old
age. However, according to a recent finding, since the time
when fertilization occurs there is subtle genomic variation
between different healthy differentiated tissues.2
In recent years human genetics, particularly in the field
of psychiatry, has turned to investigate the relationship between genes and environment. Gene-environment interactions
occur when the effect of a particular environment depends
on a person’s genotype or, in an opposite way, when the
effect of a person’s genotype depends on the environment.
The interest in gene-environment research originates from
the knowledge that genotypes do not work alone since their
expression must depend on environment and epigenetic
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contribution. This explains, for example, why in response to
a similar severe life stressor condition, one person becomes
depressed while another does not. Recent studies on this
field of genetics have used a candidate gene-environment
interaction approach. This has not been a simple task since
there are several ways in which genotypes and phenotypes
interact in most psychiatric disorders. Because of this complex relation, many genome-wide association or linkage
studies have failed to replicate findings from the candidate
gene literature.3
A frequently cited study by Caspi et al. conducted
several years ago,4 demonstrated that environmental factors could modulate the effect of a single genetic variant
on the onset of depression. In each person, the maternally
and paternally inherited promoter region of the serotonin
transporter gene (SLC6A4) may contain partially different
DNA sequences, which includes a polymorphic region called 5-HTTLPR, characterized by long or short variants. The
short allele is associated with a lower messenger RNA production for the serotonin transporter. In this study it was
found that stressful events increased the onset of major depression only in individuals who had at least one short variant of 5-HTTPLR, but did not produce the same effect in
subjects with two copies of the long allele. This finding was
an example of the effect of gene-environment interactions
on the phenotype, and thus increased the scientific interest
in studying this phenomenon.
The phenotype includes the traits and characteristics
that identify an individual. It involves body structures, physiological processes, and conducts that result from the expression of the genotype in a given environment, a specific
epigenetic profile and the effect of stochastic factors. In this
way, genetic variability contributes to make us unique in
our phenotype. As mentioned before, this includes a higher
or lower vulnerability to any mental disorder.
From a biomedical point of view, mental disorders
tend to be classified as discrete diagnostic entities. The
specific psychiatric phenotype is usually limited to clinical
symptoms and functioning. The access to the Central Nervous System is generally difficult, and in most cases there
are still no biological tests that necessarily contribute to the
diagnosis. Usually, the phenotype is considered as a categorical variable (affected vs. non-affected subjects). Categorical
definitions are used in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV) and the International Classification of Diseases (ICD-10). However, these phenotypes may
be somehow arbitrary and may encompass a heterogeneous
group of patients.5
At present, despite the advances in molecular genetics,
the complete spectrum of the genetic component of mental disorders is still largely unresolved. This partial lack of
success can be explained by the complexity of the Central
Nervous System, the interaction among different genetic,
epigenetic, and environmental components, the unique-
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ness of the set of risk factors in each patient, pleiotropy (a
single genetic locus could affect two or more distinct traits
or phenotypes), and incomplete penetrance (lack of clinical
symptoms in some patients who carry risk alleles). Furthermore, an ambiguous and inconsistent description of the studied phenotype has also contributed to the difficulty in replicating findings. As for the description of the phenotype, it
is proposed that the current classifications such as ICD-10 or
DSM-IV could too broadly describe mental disorders.6
In response to this problem, researchers are currently seeking alternatives to facilitate the identification of the
genetic component in psychiatric disorders, with possibly
more homogeneous phenotypes. One strategy is to identify
intermediate phenotypes, endophenotypes, or biomarkers,
which in the best case may be simpler than general psychiatric diagnoses, ideally with a precise biological meaning and
a more direct relationship with the action of specific genes.
Thus, it has been proposed that the perfect endophenotype could reduce the heterogeneity at the level of phenotype
and thus facilitate genetic association and linkage studies.
Endophenotypes have been very useful in other fields
of medicine. Several genes that cause long QT syndrome
were identified by means of an endophenotype-based method. This cardiac syndrome is characterized by syncope,
ventricle arrhythmias, and sudden death, especially in
young otherwise healthy individuals.7 Not all family members who carry the disease alleles show symptoms, but a
much greater percentage show QT elongation. This allowed
the identification of QT elongation genes through linkage
analysis. Moreover, genetically modified mice are being
used to develop novel medication.8 Endophenotype strategies have also been successful in the study of disorders
such as idiopathic hemochromatosis, juvenile myoclonic
epilepsy, and familial adenomatous intenstinal polyposis.
Furthermore, it is well known that research in diabetes, hypercholesterolemia, obesity, hypertension or osteoporosis is
related with physiological measures and challenges, as well
as biochemical assays to obtain a primary evidence of pathology. Glucose or cholesterol levels, as well as blood pressure
measurement, body mass index or bone mineral density are
objective and quantifiable ways to obtain a diagnosis; they
constitute endophenotypes which allow performing successful linkage or association tests.6
The term endophenotype in Psychiatry was initially
used to describe a possible intermediate character or trait,
a potentially more basic phenomenon, or internal attribute that in some cases could seem hidden to the naked eye;
it could fill the space between genes and disorders in the
causal chain of the disease.9 Fewer susceptibility genes with
a stronger effect were expected to be associated with the endophenotype, and thus, the latter could help understand the
basic molecular mechanisms of risk and disease manifestation. The rationale for the study of endophenotypes is that
the number of genes involved in a psychiatric condition may
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be directly related to both the complexity of the phenotype
and the difficulty to perform genetic analysis, i.e., a larger
number of genes involved as the complexity of the phenotype increases (for example, in schizophrenia, depression,
or addiction) and vice versa.6 In addition, since disease-free
relatives of a patient may share part of the vulnerability genes with him or her, they may show some abnormalities not
present in relatives of non-affected individuals.
Recent definitions of endophenotypes include some of
the following criteria or specifications:6,10-12
1. They are associated with the disorder in the population.
2. They are heritable (at least partially).
3. They are not influenced by the state of the patient, as
they are stable and present even if symptoms are not
manifested.
4. They co-segregate with the disorder.
5. They are found more frequently in unaffected relatives
of patients than in the general population.
6. They should be associated with alleles that help distinguish patients and their unaffected relatives from healthy controls on quantitative measures.
7. They should be associated with vulnerability to the disorder rather than with the effects of it.
8. Different endophenotypes could be associated with a
given mental disorder.
9. They should vary in a continuous way in the general
population.
10. In order to be confirmed, they should be measured accurately across different levels of analysis.
11. If they affect multiple disorders, they should be identified for genetically related disorders.
The family designed studies are the first method used to
search for endophenotypes. Patients, first-degree relatives,
and demographically similar control subjects are compared
under anatomical, physiological and/or functional indicators. However, genetic and environmental influences are
confounded in this method. An alternative with a more feasible separation between genetic and environmental variation analyzes monozygotic and dizygotic twins discordant
for a disorder and its corresponding control pairs. A third
option is a longitudinal study designed to compare the measurement of the endophenotype before and after the disorder manifests or before and after an episode of the illness.12
Currently, some researchers propose that a group of
genes increases the risk for the categorical mental disorder
but also for continuous endophenotypes. In this way, pleiotropy would produce variation in the endophenotype but
also in the risk for the disorder. Nevertheless, the successful
treatment of the endophenotype would not necessarily prevent disease onset. This can be shown in one study that suggested neuroticism reflected the genetic risk to depression,
but the connection from genes to major depression would
not necessarily pass through neuroticism.
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Others still argue that the pathway from genetic variation to psychiatric conditions necessarily passes through the
endophenotype and if the endophenotype is treated, there
could be a decline in risk for the mental disorder.13
In both cases, unaffected individuals with high scores
on the endophenotype measurement would be at elevated
risk for the development of the disorder.
The proposed methodology to identify endophenotypes is varied. Measurements are obtained through physiological, cognitive, neurophysiological, endocrinological,
neuroanatomical, neuropharmacological, and biochemical
studies, among others.
Besides endophenotypes and the general mental disorder, there are traits and characteristics that are also relevant.
For example, phenotypes related with drug response, which
are studied in the pharmacogenetic field.
DNA variation has been associated with individual differences in pharmacokinetics (absorption, distribution, metabolism, and excretion of drugs) and pharmacodynamics
(effect of the drug related with membrane receptors, ion
channels, and transporters). It has been shown that the response of patients who are given the same dose of the same
drug can vary considerably, which is related in part with genetics. Pharmacogenetic studies may help improve our understanding of the effect of certain genetic variants, but they
could also allow researchers to propose specific phenotypes
instead of general outcomes such as response or remission.
This paper describes examples of possible types of endophenotypes or biomarkers, as well as treatment response
phenotypes for some psychiatric disorders.

Serotonergic system
It has been documented that the transport of serotonin is involved in the pathophysiology of depressive disorders. The
functional 44-bp indel polymorphism located at the promoter
region of the SLC6A4 gene has been associated with unipolar and bipolar disorders.14-17 As mentioned before, this polymorphism is commonly identified with the alternative name
of 5HTTLPR. The L allele was associated with better response to certain antidepressants, such as paroxetine, fluvoxamine, and clozapine.18-20 Another study identified an association
between 5HTTLPR and subclinical depressive symptoms in
a mentally healthy population.21 Therefore, alterations in serotonin transport may underlie certain clinical features or endophenotypes of vulnerability to mood disorders.
It has been estimated that 30% to 40% of patients with
depression do not respond at all to the first antidepressant
drug and 60% to 70% do not achieve remission.22 Plasma
concentration recordings of antidepressants correlate poorly with clinical efficacy, and pharmacogenetic analyses
could help find biomarkers that predict individual drug response. Besides the 5HTTLPR polymorphism, genes such as
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COMT and GSK3β have also been consistently associated
with antidepressant efficacy and side effects.
In addition, it has been proposed that unaffected relatives of bipolar disorder (BD) patients may be more sensitive
to acute tryptophan depletion, and in this case, they may
have increased impulsivity and impaired planning and memory, when compared with control subjects.23,24 Another
study showed that intravenous injection of L-tryptophan
produced affective symptoms and neuroendocrine responses in unaffected relatives of BD patients.25 Thus, the sensitivity to acute tryptophan depletion may be a heritable trait
or endophenotype of vulnerability for BD.

Endocrinology
Sleep and circadian rhythm disruptions have been extensively reported in neuropsychiatric disorders, sometimes
even before the symptoms of the disorder are shown. It
has been postulated that alterations in the secretion of melatonin caused by oscillations in circadian rhythms may be
associated with various psychiatric conditions such as seasonal affective disorder, BD, unipolar depression, bulimia,
anorexia, schizophrenia, panic disorder, and obsessive compulsive disorder.26 Other studies suggest that suppression of
melatonin with light may represent a genetic vulnerability
marker in BD patients. Heritability of both melatonin secretion and sensitivity to bright nocturnal light is high.27 Therefore, certain clinical conditions with abnormal production
of melatonin may constitute vulnerability endophenotypes
for BD. Besides, a possible influence of the clock gene on
the circadian fluctuations of affective states and on the longterm recurrence of bipolar depression was proposed; a polymorphism on this gene could be involved in the dysregulation of sleep in patients with major depressive disorder and
BD.28 In addition, it has been suggested that the therapeutic
effect of lithium could be related in part with its effect on
circadian instability.
Major depressive disorder has been associated with
hypothalamic-pituitary-adrenal-axis hyperactivity. A comparison of salivary morning and evening cortisol concentrations was made between a group of 187 remitted and
highly recurrent patients and a group of 72 control subjects.
Patients had higher cortisol concentrations than controls
(p<0.001), and this was not modified by depressive episodes
during follow-up. It was proposed that patients had persistently increased cortisol concentrations, irrespective of
stress, so hypercortisolemia may fulfill the endophenotype
criterion of state-independence.29 In contrast, low cortisol levels could be a risk factor for post-traumatic stress disorder.
Research suggests there may be a transgenerational impact
on cortisol reactivity, which should be further explored.30
Cortisol social stress response has also been proposed as a
candidate endophenotype in suicidal behavior, as well as in
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aggression, impulsivity, early-onset major depression, and
neurocognitive function.31 In addition, impairment in stress
processing was described in medication-naïve patients with
a first episode of psychosis, ruling out that this observation
was caused by illness progression or antipsychotic medication, according to a recent publication.32 The corticotropinreleasing hormone (CRH) mediates endocrine, autonomic,
behavioral, and immune responses to stress. Among the
CRH receptor subtypes, CRHR1 has been studied in alcoholic individuals. The P3 amplitude of the event-related potential and alcohol dependence were found to be associated
with polymorphisms in the CRHR1 gene.33
In Autism Spectrum Disorders (ASD), decreased circulating oxytocin levels in affected individuals have been reported; the administration of this hormone to patients may be
associated with a reduction in repetitive behaviors, a better
retention of social cognition, and improvement in emotional
recognition. In addition, the oxitocin receptor gene (OXTR)
has been consistently associated with ASD. Regarding social
and emotional processes, the oxytocin system interacts with
the serotonergic system. In mice, it was described that the
anxiolytic effects of oxytocin may be mediated via oxytocin
receptors expressed on serotonergic neurons.34
Other phenotypes such as insulin resistance, obesity,
and hyperglycemia are very common among BD patients,
suggesting some degree of phatophysiological overlap
affected by a common genetic background.35

structures (striatum, amygdala, thalamus, and midline cerebellum). Magnetic resonance imaging studies have shown
brain volume changes in the anterior and ventral surfaces
of the striatum of some BD patients. In one case, 54 healthy
subjects were genotyped for the Leu657Phe polymorphism
of the Disrupted in Schizophrenia-1 gene (DISC1).
The Phe carriers had larger striatal volume bilaterally
(right striatum p=0.016 and left striatum p=0.017); the left
hemisphere was also different between carriers and non-carriers (p=0.0074).38 Studies of diffusion tensor imaging in patients with BD have shown a loss of fractional anisotropy of
white matter tracts in the prefrontal cortex. This may be related to axonal pathology (e.g. demyelination), which involves the loss of coherence of axonal bundles.39 Moreover, the
presence of alterations of the right hemisphere in patients
with BD as shown with functional magnetic resonance is
consistent with the hypothesis that the right brain is critical
in affect regulation.40
Recently, size reductions of 11% in hippocampus and
13% in amygdale were described in patients with borderline
personality compared to control subjects. When comorbidity was taken into consideration, depression, post-traumatic
stress disorder, and substance use disorders were unrelated
to volumetric findings. Nevertheless, relatives were not studied and further research is needed.41

Neuroanatomy

Cognitive deficits or deficits in any mental process that involves memory, learning, executive functions, language
skills, attention and judgment have been reported frequently in euthymic BD patients and healthy first-degree relatives.24,25,42,43 Moreover, it has been observed that patients in
a state of mania show alterations in tests of memory and
planning, while depressed patients have alterations in the
ability to change the focus of attention.44 In addition, euthymic bipolar patients have shown alterations in visual-spatial
recognition, verbal and non-verbal learning in information
retrieval of semantic memory, and also an increase in reaction time in performing task planning.45 Studies in first-degree non-affected relatives of BD patients show significant
alterations in retrograde digital capability in spatial ability
and verbal memory visuospatial tasks.46 The deficit in executive control and verbal memory has also been reported in
euthymic BD patients, suggesting that they may represent
endophenotypes of genetic vulnerability to BD.47 In other
studies in healthy first-degree relatives of patients with BD,
a cognitive deficit enhanced both by tryptophan depletion
and its intravenous injection was found. As mentioned before, this may also reflect serotonergic vulnerability in the
frontal lobes and suggests that cognitive deficits in these patients provide evidence for a biological marker as a possible
endophenotype for BD.25,42

Basal ganglia are involved in cognition, development, and
integration of psychomotor performance, as well as in memory and learning mechanisms. In schizophrenic patients,
structural magnetic resonance studies have shown a significant volumetric reduction of the amygdalo-hippocampal
system and the thalamus, when compared with healthy controls. Some individuals at high risk of developing schizophrenia showed similar structural characteristics than those reported in schizophrenics, which suggests that certain
structural abnormalities represent vulnerability markers for
schizophrenia.36 In addition, striatal dopamine alterations
have been reported in schizophrenic patients, but also in at
risk individuals. It has been proposed that subtle sub-clinical abnormalities in the striatum of subjects at risk could be
a biomarker that detects vulnerability to psychosis. On the
other hand, an investigation showed grey matter volume
reductions in schizophrenic patients, but not in unaffected
relatives, which could suggest an absence of heritability of
this trait. However, a prefrontal executive functioning deficiency was shared by patients and unaffected relatives.37
In patients with BD, structural and functional alterations in the anterior limbic network have been reported.
This network includes prefrontal regions and subcortical
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In previous research, schizophrenic patients, their offspring and parents have shown cognitive deficits. Patients in
some cases had a recent onset of schizophrenia, and the deficits were found in psychotic episodes as well as in clinically
remitted periods.48 Working memory, verbal learning and
memory, as well as executive function have been studied
in schizophrenia. First-degree relatives (≤30 years of age) of
patients with schizophrenia have shown moderate deficits
in vocabulary and single word reading tests, declarative
memory, sustained attention, and working memory when
compared with controls.49 More than 1500 polymorphisms
in 94 candidate genes for schizophrenia were genotyped and
evaluated against possible quantitative endophenotypes.
Schizophrenic patients who were 18 to 65 years old and had
no drug abuse or dependence within the past six months or
neurological insults were compared with a control group.
Patients had significant deficits on ten neurophysiological
or neurocognitive endophenotypic measures, mainly on
working memory and executive function. Some genes have
been shown to interact on a molecular level, revealing associations with three or more endophenotypic measures. The
V-ERB-B2 avian erythroblastic leukemia viral oncogene homolog 4 (ERB4) and the neuregulin 1 (NRG1) were among
the associated genes.50
Significant differences have been found between individuals with obsessive-compulsive disorder and healthy
controls in tests that involve verbal memory, attention and
psychomotor speed, as well as visuospatial and executive
functions. These patients may have difficulty in using an
effective learning strategy due in part to insufficient mental
flexibility and poor planning ability. Furthermore, there are
studies in which drug-naïve patients and their first degree
relatives showed similar impairment on neurocognitive domains of delayed verbal recall, set shifting, response inhibition, and visuoconstructive ability when compared with
controls.51
Cognitive function has also been assessed in other kind
of psychiatric patients. For example, when stimulant-dependent individuals were compared to their siblings without a
history of drug dependence, and with healthy controls, deficits in executive function and response control were shown
to be impaired in stimulant-dependent subjects and in their
non-dependent siblings, when compared with controls. Patients and relatives tended to have an elevated anxious-impulsive personality.52

Neurophysiology
Inhibitory deficits have been described in schizophrenia,
which could involve sensory and sensorimotor gating, as
well as oculomotor control. These are evaluated through
measures of P50 suppression, prepulse inhibition of the
startle response, and the antisaccade task. P50 suppression
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is one of the proposed endophenotypes for schizophrenia.
When paired auditory stimuli are presented, an 80% decrease in the second P50 wave is normally observed with respect to the first one, which could mean there is activation of
inhibitory neural circuits by the first auditory stimulus; the
hippocampus is thought to be involved in this process. It
has been shown that P50 suppression abnormalities resolve
in patients and relatives after nicotine administration. P50
suppression has been linked with an allele in the promoter
of the nicotinic receptor -7 subunit gene. Prepulse inhibition occurs when a weak sensory event normally inhibits
the startle reflex to an intense and abrupt stimulus; deficits
in prepulse inhibition have been documented in patients
and non-schizophrenic relatives. Finally, differences in oculomotor measures have also been reported between controls
and schizophrenic patients, for example, regarding deficits
in the control of fast eye movements (saccades).53

Drug response
Cytochrome P450 (CYP) enzymes are responsible for oxidative reactions of many drugs and endogenous substances.
CYP2D6 accounts for less than 5% of the total CYP content
in the liver, but it is involved in the metabolism of several
antidepressants such as fluoxetine, paroxetine, fluvoxamine, citalopram, escitalopram, venlafaxine, duloxetine, and
mirtazapine, as well as antipsychotics such as chlorpromazine, thioridazine, haloperidol, risperidone, and aripiprazole. Moreover, codeine is bioactivated by CYP2D6 into
morphine. Due to genetic polymorphisms, there is high
individual variability regarding CYP2D6 catalytic activity.
Among CYP2D6 alleles, there are at least 15 that encode
non-functional proteins that result from gene deletion, aberrant splicing or premature translation termination. Alleles
*3 to *8 are non-functional, *9, *10, and *41 have reduced
functionality, while *1, *2, *35, *4, and *41 can be duplicated, resulting in an increased expression of a functional or
non-functional CYP2D6 protein. The allelic frequency varies
substantially depending on ethnicity. The presence of two,
one or no functional CYP2D6 gene copies result in rapid,
intermediate, or poor metabolizer phenotypes.54 In humans,
CYP2D6 expression may be specific to neurons in cerebral
cortex, hippocampus, and cerebellum, which may be impaired in schizophrenia. CYP2D6 may be involved in the transformation of tyramine to dopamine, and in regeneration of
serotonin from 5-methoxytryptamine. It has been suggested
that CYP2D6 as well as serotonergic and dopaminergic genes could affect variability in antipsychotic drug response,
and in psycho-physiological processes and symptoms in
schizophrenic patients. A low frequency of poor CYP2D6
metabolizers has been reported in schizophrenia samples.
In addition, poor CYP2D6 activity in healthy volunteers is
associated with personality traits of social cognitive anxie-
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ty, which may resemble mild psychotic-like symptoms.55
Other CYP genes that have been studied include CYP3A,
relevant for the metabolism of some antipsychotics and antidepressant drugs, carbamazepine, and some benzodiazepines; CYP2C19, involved in the metabolism of antidepressants and diazepam; CYP1A2, for clozapine and olanzapine.
Other CYP genes are important for lamotrigine, valproate,
some opiods, and secondary pathways for antipsychotics
(UDP-Glucuronosyltransferases or UGTs).
It has been shown that individuals who show low levels of response to alcohol are at increased risk for a lifetime
diagnosis of alcohol dependence, which depends in part on
genetic factors. Some variants of genes that encode for alcohol dehydrogenase (ADH), aldehyde dehydrogenase 2, and
CYP2E1, respectively, have been shown to be involved.

DISCUSSION
A broader knowledge of specific phenotypes related with
mental disorders will improve our understanding of the pathophysiology of psychiatric entities, and may help accelerate the identification of relevant genetic, epigenetic and/or
environmental factors that are associated with the etiology
of the disorder. It may also help identify gene-environment
interactions that may affect only concrete aspects related
with the disorder, propose prevention strategies, establish
more personalized treatments, and most importantly, improve the quality of life of patients, relatives, and caregivers,
with considerably positive consequences for society. Nevertheless, a clear distinction must be made between potential
biomarkers that may associate directly with the disorder
(some of which may fulfill the criteria of endophenotypes)
and phenotypes that are related with the effects of it.
Ideally, quantitative and objective measurements in large and well-characterized samples may help find suitable
phenotypes. Strategies such as the inclusion of affected and
non-affected first-degree relatives, twin pairs and/or drug
naïve patients in their first episode are required to determine
if phenotypes meet some of the criteria for endophenotypes.
In addition, longitudinal assessments over longer periods of
time are needed to establish if there is state independence.
In order to identify the best initial therapeutic options
for each psychiatric patient, genotypes and phenotypes related with treatment response should be further analyzed in
samples of all ethnic groups. It is also essential to consider
gene-environment interactions that affect phenotypes, and
could also affect endophenotypes; the study of epigenetic
components, including DNA methylation, histone modifications, chromatin remodeling, and microRNAs represent
another important branch of research that will ultimately
help to improve our knowledge of mental disorders. Some
endophenotypes may be complex, but are still useful to explain aspects of the etiology of mental disorders.
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