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Abstract

Comorbidity between cancer and psychiatric disorders including adjustment disorder, depressive disorders or angst can seriously influence the prognosis and the
quality of life of patients. The identification of the psychological and biological profile of patients at risk for such comorbidity is not yet available. Classical candidate
genes such as the BDNF, the 5S-HTLPR and genes whose products are involved in inflammatory events have received some attention, but results are inconclusive. In
the present review the association between cancer and psychiatric disorders is reviewed, a focus on the investigation of the Gene X Environment and the epigenetic
control over the activation of the HPA axis is proposed as a tool to refine the definition of the biologic profile at risk for comorbidity between psychiatry and cancer.

Introduction

Cancer is one of the most relevant causes of mortality and
morbidity worldwide. It was the third cause of death in 1990 and the
second one in 2013 [1,2]. The number of new cancer cases worldwide
was 12 million in 2012, and deaths associated with cancer disease were
8.2 millions in the same period [3]. A year later, the number of new
cancer cases rose till 14.9 millions and the number of patients death
because of cancer did not decrease [2]. These numbers are expected to
increase in the next decades, and stomach and colorectum are frequent
sites of cancer in males and females in the developed countries,
where the incidence rates of these diseases are significantly higher
[2]. Breast cancer is the most common form of cancer for women
in the western world, while 1-6 million incident cases of colon were
recorded in 2013, associated with a number of deaths as high as 771000
[2]. Every effort made in the direction of a better treatment of cancer
and a better prognosis is then to be highly prioritized. A consistent
body of literature recently focused on the psychological reaction to
a diagnosis of cancer and how this may influence the course of the
treatment and the prognosis [4-9]. This may be in association with
the fact that being diagnosed with cancer and the psychical symptoms
of the disease concur to create a mental stress that may hamper the
ability of patients to face their diagnosis and to comply to the medical
prescriptions [10,11]. It is to be expected that a diagnosis of cancer and
the following changes in patients life can prove to be overwhelming
for a large number of patients. This may represent a critical point of
cancer treatment, because patients diagnosed with cancer should retain
the ability to react effectively to the diagnosis they have received and
follow actively and energetically the medical indications they receive.
Consistently, it is shown that the benefits of changing habits, and
starting exercise or changing diet are strong enough to decrease the
mortality associated with a diagnosis, for example, of colorectal cancer
[12]. This statement proved to be true also for different kind of cancers
[13-15]. Those are relevant interventions, because patients with cancer
are particularly prone to depressive and anxiety disorders, with a
prevalence of depressive disorders that is estimated to be as high as
25% [16] or higher [17].Patient with depressive symptoms developed
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after a diagnosis of cancer have cognitive disturbances (88%), sleeping
disturbances (86%), and depressive mood (83%) [18]. These numbers
are not without consequences. Stress per se has been reported to be a
negative prognostic factor in patients with cancer [19]. It was estimated
that patients that develop depressive symptoms during cancer show 26
% higher risk of mortality (39% for major depressive disorder) [20],
prolonged hospitalization [21] and lower compliance to the treatment
[22]. The reasons for the association between cancer and psychiatric
disorder is to be found in the combined effect of a life-threatening
diagnosis, the chronic pain, the extensive surgical interventions and
the side effects of medical treatment [23,24]. Some patients appear to
perform better than others after a diagnosis and treatment for a cancer
disease, in a way that is dependent on biological, sociodemographic
and psychological events [25]. In the present review the association
between cancer and depression and anxiety related disorders is
described, evidence from large epidemiological investigations is
reported along with evidence of genetic association with a handful of
relevant candidate genes. Figure 1 reports the flowchart and the key
resulting points for the present contribution. The expected result of the
present review is to help the identification of the sociodemographic
and biologically related risk factors for the development of depression
or angst after a diagnosis of cancer. Such achievement would pave the
way to the implementation of strategies to prevent depression in the
group of patients that are at risk. The effective implementations of such
strategies would help abate the incidence of psychic sufferance following
a diagnosis of cancer, with direct benefits the prognosis of patients and the
quality of their lives [19]. A specific focus is set on the HPA axis (Figure 2)
for its role in mediating response to stress and for its activity is plastic to
early life experiences in a way that may be in causal relationship with the
risk of cancer, as detailed in the following paragraphs.
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Figure 1. Flowchart for the present review. Critical points are reported.

Methods

Pubmed, the Cochrane database and Google Scholar were searched
using the following keywords in permutation: “gene”, “cancer”,
“depres*”, “anxiety”, “risk”, “variation”, “SNP”, “methylation”,
“epigenetic”, “acetylation”, “HPA axis”. References of the most relevant
papers were manually searched in order to complete the bibliography
research for the present contribution. AD and MC independently
searched the literature and confronted the final results. Attention was
dedicated in the inclusion of sociodemographic and psychological
variables when describing the risk of having a depressive or angst
episode after a diagnosis of cancer.

Current evidence on the genetic determinants of risk of
psychiatric disorders in patients with cancer

There are different kinds of cancers and their prevalence is different
in the general population, as their distribution tends to variate through
years. Among women the five most common cancer sites are breast
(25.2%), colorectum (9.2%), lung (8.7%), cervix (7.9%) and stomach
(4.8%). Among men the most common sites of cancer diagnosed are
lung (16.7%), prostate (15.0%), colorectum (10.0%), stomach (8.5%)
and liver (7.5%) [26]. A graphical representation of such differences
as mirrored by the number of scientific articles published in specific
cancer areas is reported in Figure 3. It is possible to assume that the
strength of association between any specific kind of cancer and the risk
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of a psychiatric disorder varies among the different cancer types. This
may be connected with the different prognoses and with the different
impact of the proliferative diseases on body image and on the ability to
maintain a normal life throughout the course of the disease. Moreover,
it is a topic of debate whether the depressive status is a result of a poor
biological condition which by itself holds the association with a poorer
outcome, as some reports seem to suggest [27,28], or whether depression
may play a role as an independent risk factor for a poorer prognosis in
case of cancer. Other researchers have tried to address that association
between a pre-cancer history of depression or personality traits (which
may also have a biological basis [29-32]), and a diagnosis of cancer later
in life. A selected number of large perspective such studies is reported
in Table 1. Such an epidemiological connection may stress the possible
overlap of a set of biological and psychological characteristics that are
common, or rather, belong to a cause-effect paradigm, in pre-morbid
personality or depression and cancer. If proven, this association would
be of tremendous relevance, in that it could provide evidence for
preventive strategies able to decrease the incidence of cancer diseases
in the general population, by identifying subjects that shows a set of
phenotypes (behavior or symptoms) that may underline a biologic
sensitivity to proliferative diseases or may expose to risk behaviors
that eventually end with increased risk for cancer. Nevertheless, results
appear to be inconsistent as detailed in the following paragraph, and
a biological common background that may be made accountable for
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The limbic-hypothalamic—pituitary—adrenal (LHPA) axis is shown in the picture. Black boxes narratively describe the main events. The psychological related events that are processed by
the cortex and limbic system in humans are described in the red box. Green boxes describe the neurological or endocrinological mediators. Yellow boxes describe receptors that mediate the
negative feed-back of the system. Blue boxes describe the anatomical structures that are involved in the mechanism. Briefly, any perceived stress results in release of catecholamines (CA)
and cortisol. Cortisol mediates its own negative feedback by interacting with mineralcorticoic receptors (MR) and corticoid receptors (CR). Cortisol is released independently from stressing
events through a circadian rhythm (higher in the morning), and it is also released during stressful events. This latter release is superimposed over the diurnal release. MR receptors type I
are thought to be associated with the negative feedback of the diurnal release of cortisol. CR type I receptors are high affinity receptors that are thought to mediate the negative feedback
to diurnal cortisol release (pro-active negative feedback). CR type II are low affinity receptors that are thought to mediate the stressing events mediated acute release of cortisol (reactive
negative feedback). Stressful events are encoded in the central nervous system (cortex and limbic system), this information is delivered to the hypothalamic paraventricular nucleus (PVN)
where the corticotropin releasing factor (CRF) and vasopressin (VP) are released from nerve terminals in the median eminence into the hypophyseal-portal vascular system. At the level of
the anterior pituitary, CRF stimulates the secretion of ACTH which is reversed in the systemic circulation to reach the adrenal gland cortex where cortisol is release to mediate its effects on
energy metabolism that are necessary for the fight or flight reaction to stressing events. Of note, CRF also acts as a neurotransmitter in the central nervous system. CRF neurons are present
in the cortex, limbic system and brain stem regions, CRF projections from the hypothalamus and the amygdala to the medullary noradrenergic nuclei may be relevant to the stress-mediated
behaviour and autonomic reactions. It is interesting to note that the amygdala projects to the PVN and facilitates the release of CRF, but the the activation of the GR receptors expressed on
the amygdala results into a increased signal from the amygdala to the PVN. This may be relevant in conditions of continued or repeated stress.

Figure 2. Limbic-hypothalamic—pituitary—adrenal axis

a pre-morbid specific personality or psychiatric diagnosis and cancer
later in life is still missing.

Evidence from large epidemiological investigations

Effort to determine an epidemiological association between
a distinctive patterns of habits of nervous tension and the risk of
develop cancer later in life have been numerous and ambitious in the
final part of the last century. Thomas and colleagues enrolled 1337
medical graduates and assessed them from 1948 to 1964 through the
habits of nervous tension (HNTQ), which also includes a measure of
depression, anxiety, anger and loneliness [33]. The scale was designed
under the assumption that these characteristics could be related
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to the psycho-physiological ability to react to their environments.
The ability to cope with stress could be determinant in shaping the
risk of develop a number of disorders later in life [34]. As a result
of this large investigation, symptoms of anxiety and depression
shown earlier in life were significantly associated with a higher risk
of cancer. Moreover, the duration in time of depressive feelings was
shown to be a strong predictor of later development of cancer in
life in a sample including 1353 men and women of the age from 50
to 69 followed up for at period of 10 years [35,36]. A 20 year follow
up study including 2107 individuals reported an association between
depression and cancer, even though the strength of such association
was not as high as expected [37]. Overall, these findings would link
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The picture was created using the following terms in the possible permutations pubmed: breast, colon, colorectum, colorectal, lung, cervix, cervical, stomach, cancer. Data of publication
was set as a clustering variable in order to detect the distribution through time of the publications in specific areas. This was meant to obtain information about the current and past scientific
interest in the different cancer diseases and have a brute quantity of the total number of articles published in a specific period about cancer.

Figure 3. Number and distribution through time of publications about cancer in different districts.

epidemiologically the presence of depressive feelings or reactions to
events with the risk of cancer. Nevertheless, conflicting reports are
also found (38-42), and it is difficult to drawn final conclusions on
this association. A possible explanation for these discrepancies may
be found in the different age of subjects involved in the studies, the
different periods of observation and the number of patients included
in the study. For example, studies that found significant association
between the psychological variables or the pre-morbid psychiatric
symptoms in the investigated samples were characterized by longer
periods of follow up: 24 to 30 years for the positive association findings
[35,36,43,44], 10 to 17 for the negative association findings [40-42].
An association of note was reported in one of the larger studies on this
issue, conducted by Dalton and colleagues in 2002, showing that the
correlation between a diagnosis of a psychiatric disorder and the risk of
cancer was influenced time: the risk of receiving a diagnosis of cancer
was higher when closer to the diagnosis of a psychiatric disorder [43].
This finding may be consistent with the hypothesis that response to
stress is a key element to understand the risk of cancer later in life,
and that there are “windows” of biologic reaction to stress during
which one single individual is more or less sensitive to long-lasting
changes in the physiological activation of the stress-related molecular
cascades. In this light, the psychological characteristics or persistent
depressive symptoms could be better understood in their relation to
cancer when interpreted as a reaction to stress, or a crystallization of
it, experienced earlier in life. Thus, the experiences suffered during the
early years would be critical in understanding the reaction to stress to
acute events that happen later in life. This concept is further explained
in the following paragraphs. Another relevant piece of evidence that
results from the large epidemiological investigations conducted in
the past years on the association with premorbid personality traits or
depression and anxiety and the later development of cancer, is that
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this association was reported as to be more evident for a number of
specific cancers including the colon, rectum and bladder cancer [45].
The biological basis of such association is still to be elucidated, but
the brain-gut synergy is a rapid evolving field of research interest in
these years [46,47], and more could be unraveled to understand the
association between psychic sufferance and somatic disorders.

Candidate genes investigations

The potential of genetic variations located in candidate genes to
determine the risk for psychiatric disorders after a diagnosis or during
the treatment of a cancer disease has been investigated in literature.
Table 1 reports a selection of the main investigations conducted so far.
The serotonin system, the BDNF related system and the inflammatory
cascades have been extensively investigated. The rationale of such
selection is mainly associated with the role of these genes in shaping the
risk of a depressive disorder or an anxiety related disorder in the general
population. Such investigations have been then conducted under the
hypothesis that genes and variations that had been previously associated
with depressive and anxiety disorders could be as well predictors of
such episodes in patients with cancer or patients in treatment for
cancer disorders. Such statement proved to be true in at least some
investigations. Schillani and colleagues [48] reported that a variation in
the promoter of the gene that codes for the serotonin transporter was
associated with anxiety in a sample of 48 women with breast cancer.
Of note, they also observed that the anxious preoccupation scores
decreased with the time of follow up, this being more evident in the
group of the L/L (long variation) carriers. This finding would suggest
a faster and more efficacious psychological adaptation to the cancer
and treatment of patients carrying the L variation when compared with
other patients. If proven true by other independent examination, such
finding could be instrumental in the identification of patients that would
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Table 1. Genetic and psychological predictors of depressive disorders during cancer.

colleagues, 1980
[123]

non cancer patients

— cancer

symtoms correlated
with depression

Bladder

cancer correlated with
depression / neurotic
patterns.

These are related to
the Ras oncogene
family

Study Sample Kind of cancer Genetic predictors  Direction of Predicted outcome | Genes associated Genes associated
investigation with a better / worse |with resilience, if
outcome present
Abhles and colleagues, | Long term survivors  Breast Cancer; APOE &4 Cancer + genetic Neuropsychological | APOE variant The distribution of
2003 [118] of breast cancer Lymphoma background tests; CES-D; STAI, |associated with visual 'the APOE alleles
(n=51) or lymphoma — psychiatric FSI memory and spatial | were similar between
(n=29) / neurological ability (APOE &4 survivor and the
symptoms negative — better general population
visual memory and
spatia ability results)
Thomas and 1337 (90% men) Any cancer disorder |NA Personality (HNTQ) | Development of a Colon, Rectum and ~ NA
colleagues, 1979 — follow up for a period + genetic bakcground |cancer disease Bladder
1980 [44,119] of 31 years — cancer cancer correlated with
depression / neurotic
patterns.
These are related to
the Ras oncogene
family
Shekelle and 2107 male laborers | Any cancer disorder 'NA Personality (MMPI) | Development of a No association with | NA
colleagues, 1981 follow up of 19 years — cancer cancer disease Ras variations.
[120] and Olderoy An association with
and colleagues, 1998 depression was
[121] observed
Grossarth-Maticek 1353 caucasian Any cancer disorder |NA Depressive Depressive symptoms |Colon, Rectum and |NA
and colleagues, 1984 |individuals. Follow symtoms— cancer prior to the diagnosis |Bladder
[35] and Pelosi and  |up of 30 years of cancer predicted | cancer correlated with
colleague, 1992 [36] such diagnosis depression / neurotic
patterns.
These are related to
the Ras oncogene
family
Kaplan and colleague, 6928 individuals, Any cancer disorder 'NA Depressive symptoms | No significant NA NA
1988 [40] follow up of 17 years (HPLDI, BDI) — association between
cancer depression and a
diagnosis of cancer
later in life
Hahn and colleague, | 16600 women, Breast cancer NA Personality (MMPI) | No significant NA NA
1988 [39] 8932 completed — cancer association between
the psychological depression and a
assessment diagnosis of cancer
later in life
Zonderman and 6913 individuals Any cancer disorder |NA Personality / No significant NA NA
colleagues, 1989 [42] followd up for a depression (CES-D; |association between
period of 10 years GWB-D) — cancer | depression and a
diagnosis of cancer
later in life
Linkins and 2264 individuals Any cancer disorder |NA Personality / No significant NA NA
colleague, 1990 [41] | followed up for at depression (CES-D) | association between
period of 12 years — cancer depression and a
diagnosis of cancer
later in life
Friedman and 923 individuals with |Any cancer disorder NA Psychiatric diagnosis |No significant NA NA
colleagues, 1994 [38] |depression or other — cancer association between
psychiatric disorders depression and a
diagnosis of cancer
143574 individuals later in life
from the general
population
Pennix and 1825 geriatric Any cancer disorder |NA Personality / Depression correlated |Colon, Rectumand  |NA
colleagues, 1998 individuals, no follow depression (CES-D) | with cancer Bladder
[122] up — cancer cancer correlated with
depression / neurotic
patterns.
These are related to
the Ras oncogene
family
Dattore and 75 cancer and 125 Any cancer disorder 'NA Personality (MMPI) | Premorbid depressive Colon, Rectum and | NA
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/ neurological

HADS-D)

Persky and 2018 individuals Any cancer disorder | NA Personality (MMPI; | Depressive symptoms Colon, Rectum and | NA
colleagues, 1987 [37] Cattel 16 Personality |but not personality  |Bladder
Factor Inverntory) — |treaits predicted cancer correlated with
cancer cancer depression / neurotic
patterns.
These are related to
the Ras oncogene
family
Dalton and 89491 individuals Any cancer disorder |NA Psychiatric diagnosis |Brain Cancer risk was NA NA
colleagues, 2002 [43] diagnosed with — cancer higher after 1 year
depression followd up from diagnosis but
for 24 years association was not
confirmed after the
1 year
Eberhard and 165 TGCC patients | Testicular germ Two polymorphic Cancer + genetic Angst or Depression | No genetic No genetic association
colleagues, 2010 cancer regions in the background two or five years after |association
[124] Androgen Receptor | — psychiatric treatment (HADS-A;

2012 [50]

mastectomy for breast
cancer

5-HTR2a 1438A/G,
5-HTR2a 102T/C and
BDNF val66Met

background
— psychiatric
/ neurological
Ssymptoms

genes and depression
after mastectomy for
breast cancer

association with
variations of 5-HTT,
5-HTR2a 1438A/G
and 5-HTR2a 102T/C
genes

The BDNF Met/
Met genotype was
associated with
prevalent and
persistent depression

symptoms
Gilbert and 94 patients with head |Head and neck cancer | 5-HTTLPR Cancer + genetic Depressive Disorder |No genetic No genetic association
colleagues, 2011 [49] |and neck cancer (33 background association
werer genotyped for — psychiatric
5-HTTLPR) / neurological
symptoms
Kyung and 186 patients with Breast cancer 5-HTTLPR Cancer + genetic Outcome 1 = Outcome 1 = No genetic association
colleagues, 2012 breast cancer background Association with No genetic
[125] — psychiatric development of association
Nondepressed, n= / neurological depression
137 symptoms Outcome 2 = patients
Depressed, n=49 Outcome 2 = severity |with the short allele
of depressive had significantly
symptoms associated  higher HAM-D scores
with depressed
patients
Kim and colleagues, |309 patients after Breast cancer S-HTT, Cancer + genetic Association between |No genetic No genetic association

Kim and colleagues,
2013 [51]

309 women after
breast cancer surgery

Breast cancer

Pro-inflammatory and
anti-inflammatory
cytokines

6 variations located in
pro: TNF-a-850C/T,
TNF- 0-308G/A,
IL-1B-511C/T, IL-1B
+3953C/T, IL-6-
174G/C, IL-8-251T/A

2 anti variations
located in: IL-4
+33T/C, IL-10-

Cancer + genetic
background

— psychiatric

/ neurological
symptoms

The alleles related

to higher pro-
inflammatory and/

or lower anti-
anflammatory
cytokine production
would associate with
depression in a cohort
with breast cancer

The pro-inflammatory
cytokines is
associated with
depression and
provide potential
genetic basis for
depression in breast
cancer patients.

No genetic association

/ neurological

mental adaptation to

patients being in

1082G/A
Schillani and 48 early breast cancer |Breast cancer 5-HTTLPR Cancer + genetic Association with The 5-HTTLPR No genetic association
colleagues, 2012 [48] |patients (mammary background S5-HTTLPR allele alleles associated
carcinoma) — psychiatric variations and the with the breast cancer

gastric cancer

— psychiatric
/ neurological
symptoms

polymorphism and
coping response to
stress

be predictive of an
anxious coping style

symptoms cancer diagnosis and | greater risk of mental
treatment suffering (anxiety and
depression)
Koh and colleagues, 91 patients with Gastric cancer BDNF Val66Met Cancer + genetic Association with The Met allele of No genetic association
2014 [60] newly diagnosed background BDNF Val66Met BDNF Val66Met may
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Kim and colleagues, 279 patients with Breast cancer BDNF methylation

2015 [59] breast cancer rates
Kang and colleagues, | 130 newly diagnosed |Gastric cancer Three SNPs
2012 [57] advanced gastric harbored by FKBPS5
cancer patients rs1360780, rs9296158
and rs9470080

Saad and colleagues, Breast cancer

2014 [56]

335 patients with
breast cancer

Cytokine gene
variations:

IFNGRI rs9376268,
IL6 rs2069840 and
TNFA 151799964

73 women with breast Breast cancer
cancer in diffeerent
stages

Zhou and colleagues,
2015 [115]

Methylation rate a
different locations in
the genome

Cancer + genetic Association with Increased BDNF No genetic association

background BDNF and suicidal | methylation was
— psychiatric ideations significantly

/ neurological associated with
symptoms suicidal ideation

and depression
independent of
potential covariates

BDNF gene
methylation status
may be a biological
marker for suicidality
All of the
polymorphisms
showed a significant
predictors of anxiety
and depression

Cancer + genetic
background

— psychiatric

/ neurological
symptoms

Investigation of the
influence of FKBPS
gene polymorphisms
on distress and
vulnerability

to anxiety and
depression

No genetic association

Association with
cytokine gene
variations and
depressive symptoms

Cancer + genetic
background

— psychiatric

/ neurological
symptoms

Variations of cytokine | No genetic association
genes may place

patients at higher

risk for development

of Subsyndromal

levels of depressive

symptoms

Cancer + genetic
background

— psychiatric

/ neurological
symptoms

Methylation rate a
different locations
in the genome is
correlated with
Stress, anxiety and
Depression

Methylation rates at
genes FAM101A and
FOXIJ1 were found
to be associated with
Depression (HADS),
but not anxiety
(HADA) or Stress
(PSS)

No genetic association

CES-D: Center for Epidemiological Study - Depression, STAI:Spielberger State-Trait Anxiety Inventory, FSI: Fatigue Symptom Inventory, HNTQ: habits of nervous tension, MMPI:Minne-
sota Multiphasic Personality Inventory, HPLDI: Human Population Laboratory Depression Index, BDI: Beck Depression Inventory, GWB-D: General Well-being Schedule-Depression
subscale, TGCC: testicular germ cell cancer, HADS-A: Hospital Anxiety and Depression Scale-Anxiety, HADS-D: Hospital Anxiety and Depression Scale-Depression, PSS: Perceived

Stress Scale

benefit from a psychological support during their illness, and for whom,
such support should be prioritized. Nevertheless, the small number of
patients included in the study does not allow conclusive statements
about the given association and the ability to cope with a diagnosis of
breast cancer and related treatment. Consistently with this, this finding
could not be replicated in a sample of 94 patients with neck cancer (33
out of the sample were genotyped) in a previous analysis by Gilbert and
colleagues [49], nor it was in a larger sample including 309 patients
treated with mastectomy for breast cancer and genotyped for a number
of serotoningergic variants [50]. It is of particular relevance that a set of
genes implied in inflammation were reported to predict depression in a
sample of women with breast cancer [51]. Consistently, the activation
or the impairment of the immunological system has been claimed to
be responsible for higher risk of proliferative disorders [52,53] and
for psychiatric disorders as well through complex neurological events
such as pruning [54]. The direct interaction between inflammation
and depression in a sample of women treated with chemotherapy was
analyzed by Torres and colleagues [55], this report showing that a
high level of inflammation indexes (including the nuclear factor kappa
B) was associated with persistent symptoms of depression after the
treatment. The association between genetic variations located in genes
that code for proteins involved in inflammatory events was confirmed
by a large study conducted by Saad and colleagues [56] involving 335
patients with breast cancer. Patients who were homozygous for the rare
allele in TNFA rs1799964 had an 87% decrease in the odds of belonging
to the Subsyndromal class compared to the Resilient class. Due to the
proven effects of depression towards the prognosis of cancer disease,
this kind of study could help identify subjects that are particularly at risk
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of developing a depression during cancer treatment. Consistently with
these results, variations rs1360780, rs9296158 and rs9470080 located
in a gene that codes for a protein with a role in immunoregulation and
basic cellular processes involving protein folding and trafficking, the
FKBP5, was found to harbor variations associated with depression and
anxiety in a sample of 130 newly diagnosed patients with gastric cancer
[57]. The BDNF Val/Met variation has been the object of investigation
in this field of research. The BDNF Val66Met (rs6265) polymorphism is
a functional SNP of the BDNF gene. The Met allele of BDNF Val66Met
may be related to a less adaptive genetic disposition toward adverse
experience, as well it has been associated with a decreased expression
of the BDNF and problems in learning [58]. This variation or the
epigenetic regulation of BDNF were consistently [50,59,60] found to
be associated with depression or anxiety in samples of patients with
cancer , highlighting its potential role in predicting such psychological
breakdown in patients when they receive a diagnosis of cancer or they
are in treatment for it. Overall, the candidate gene approach could
not provide definitive results in the identification of subjects that are
particularly at risk of psychiatric comorbidity when diagnosed with
a cancer illness. The reasons for such lack of results may rely on the
small samples included in the analyses, that were not powered enough
to detect a true genetic association, or the limited penetrance of single
variations towards complex phenotypes as previously reviewed by our
group [61-63]. Another reason may be that some potential candidate
genes have not been exhaustively investigated. The HPA system is
primary activated during stress response, this physiological role makes
HPA a candidate for the biology of psychiatric comorbidity in cancer.
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The HPA system, relevance for the cancer to
psychological distress paradigm

A perceived internal or external stress alongside with disease
or infection or other physical traumas, leads to the activation of the
limbic-hypothalamic-pituitary-adrenal (LPHA) axis (Figure 2), whose
activation can be associated with a pathological response to stress or
trauma at the moment the trauma is in place, or shape the response to
traumas later in life. The possibility that an earlier trauma can influence
how the LPHA system will later respond to stress during the adult
life opens some new scenarios in the investigation of the biological
determinants of risk of psychiatric diseases after a diagnosis of cancer.
Some patients react better than others to a diagnosis of cancer,
with positive effects on the prognosis of the disease, due to a better
compliance to the treatment. The reason for such better performance
could be found in a more or less efficient LPHA activation, which could
be determined more by the exposure to previous stressing experiences
in life than to the current psychological and sociodemographic current
status. The most part of investigations published so far focused on
the current sociodemographic and psychological characteristics
of patients in order to infer a profile of patients that are at risk to
develop depression or anxiety after a diagnosis of cancer. The reader
will find a complete and interesting review on this topic here
[64-66]. Nevertheless, a little effects of current psychological and
sociodemographic status over psychological response to cancer has
been consistently reported in literature [66,67], suggesting that the
current status may not affect the psychological response to stress as
much as other determinants. The analysis of early life stress factors
could pave the way to the understanding of the geneXenvironment
interactions in shaping resilience by the means of the epigenetic
controls of the expression of key genes. Schuler and colleagues [68]
suggested that a direct link may be found from the early life experiences
and the risk of breast cancer, but to the best of our knowledge, there are
no published investigations about the role of early life experiences and
resilience to psychological distress after a diagnosis of cancer. On the
contrary, there are consistent lines of evidence that show how the early
life experiences may inferfere with the function of the LPHA, which
determines response to stress and influence the risk of depression and
anxiety [69-71]. It has been demonstrated that rats exposed to maternal
separation in early periods of their life exhibit higher levels of ACTH
(Adrenocorticotropic hormone), CFR (Corticotropin releasing factor)
and VP (Vasopressin) compared to control animals (see for example
[72,73]), but what is maybe more important as for the consequences in
human health, it that it has been reported that are “windows” during
which the same stressful condition may or may not induce permanent
changes in the biological regulation of LPHA. Interestingly, parallel
to the alterations in the LPHA, animals exposed to stress during early
periods show a modified serotonin response to citalopram, a common
drug used to treat depression and anxiety, which would suggest a direct
biological association between stress during the early phases of life
and depression or anxiety [74]. The GABAergic system has also been
found to be profoundly modified by exposure to early stress in animal
models [75], which is consistent with risk of developing anxiety related
disorders in adult life for humans that are exposed to ACEs. Combining
the evidence from retrospective studies in humans and perspective
studies in animals, it is possible to assume safely that early life stressing
events are statistically associated with an increased risk of mental
disorders, and that the LPHA system may be the biological substrate
for this statistical association, due to its ability to be influenced by early
experiences and to develop accordingly in adult life. Consistently with
this picture, there is evidence in humans that anxiety and depressive
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disorders are associated with increased levels of CRF [76]. It is then safe
to assume that ACEs are able to shape resilience to stress later in life.
Of note, the relationship between ACEs and mental disorders is more
probabilistic than deterministic in nature, because resilience to stress is
also determined by genetic influences. A number of studies have been
conducted to test the hypothesis that genetic variations located in genes
that are instrumental for the correct balance of the HPA axis could
predict the biological stress response or the balance of the stress system.
These were conducted under the evidence that an impaired or an
imbalanced HPA axis represents a risk factor for further development
of a psychiatric disorder [77-79] and up to the 70% of patients with
major depressive disorder show a dysfunction of the HPA (80). Most
part of the genetic investigations in this field focused on the CRH, its
main receptor CRH1 and CHRBP (the CRH-binding protein). These
proteins are thought to be crucial in the control of the HPA axis, other
hormons such as oxytocin and vasopressine were proved to modulate it
to alesser extent [81-83]. Variations in these genes were able to control
response to stress [84] and during depression [85]. Genetic association
results for risk of depression and response to antidepressant treatment
for the genes coding for CRH, CRH1 and CHRBP are reported in Table 2.

Epigenetics of psychological response to stress

As shown in Table 1, there are conflicting results as to how much
the genetic personal makeup may influence response to stress when
the genes that code for the molecular cascades that regulate stress
response are analyzed. This may depend on many factors, including the
statistical power of the studies, the different inclusion criteria and the
different assessment of patients and their illness. Nevertheless, some
relevant biological aspects of response to stress may have been not take
into sufficient consideration in the previous genetic investigations.
One of such relevant biological aspect is the epigenetic control over
genes expression. Epigenetic controls which genes are expressed, and
its investigation is thought to help in filling the “Missing Heredity”
in psychiatric genetics [86,87]. Through the epigenetic control of
genetic expression cells that share the same exact genetic background
will differentiate in, for example, neurons rather than liver cells. The
term epigenetic was first introduced in the fifties [88], and is the center
of extensive research in these years. There are different epigenetic
mechanisms known at the current time, methylation of DNA and
histone methylation and acetylation have been extensively investigated,
and other mechanisms such as the interaction with iRNA molecules
represent new research horizons for better understand how the cell
regulate its genetic expression profile. Not only this is relevant to
understand how cells specialize in their function or how the control of
cell proliferation and differentiation is lost, for example, in degeneration
or proliferative diseases, but it is also relevant in understanding the
biologic structure of memory formation and the adaptation of the
molecular cascades to experiences or traumas in life, or in the life of
our predecessors.

The DNA double chain can be directly regulated by epigenetics
events, and so can some proteins called histones that bind the DNA
in tight wraps. DNA methylation is a molecular reaction that consists
on a molecular modification of the cytosine side-chain by adding
a methyl (-CH3) group with a covalent bond. DNA methylation
results in much cases in the silencing of the DNA sequence where it
is present, even though cases of increased expression of methylated
sequences are also reported [89,90]. This molecular event is facilitated
when cytosines are immediately followed by a guanine base. Such a
concatenation forms the so called “CpG” islands in the DNA, which
represent areas of DNA regulation. The ability of the epigenetic control
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Table 2. Genetic association studies investigating CHR, CRH1 and CHRBP.

suicidal males

Study Sample Genetic variations Outcome Results Variations tested
in predicting risk
of MDD during
cancer

Liu and colleagues, 2006 MDD = 206 CRHRI1: rs1876828; 1s242939; rs242941 Diagnosis of MDD | Rs242939 G allele was more NO

[126] HCT =195 represented in MDD patients. Haplotype
ethnicity = Han Chinese GGT at the investigated variations was

twice as represented in MDD.

Licinio and colleagues, [127] ‘MDD = 80 CRHRI: rs1876828; rs242939; 15242941 Response to GAG haplotype was associated with NO
Mexican-Americans treated with treatment better reponse in high anxiety MDD
fluoxetine or desipramine for 8 weeks patients

Smith and colleagues, 2016 | Over 106,000 subjects, non necessaily | GWAS analysis Neurotocism 9 loci were significantly associated with | NO

[128] diagnosed with a psychiatric disorder neurotocism, one including the CRH1

Chen and colleagues, 2015 502 rural Afrinca American families CRHRI1: 15720936; 1s4792887; rs110402 // | Depressive TG haplotype at the rs242924; NO

[129] partecipating in the Strong African 15242924; symptoms 1s242940 variations had low levels of
American families-teen, a randomized 15242940 //rs173365; rs242950 depressive symptoms.
prevention trial GC haplotype at the variations

1rs173365; rs242950 reported fewer
depressive symptoms. The interaction
of family economic hardship and
CRH]1 variations predicted depressive
symptoms.

Ressler and colleagues, 2009 | 1385 individuals of African American | 5-HTTLPR (long and short allele) Risk of depression |No association with S-HTTLPR alone. | YES

[130] descent andCRHR1: 1s7209436;, 1s4792887; Significant association of rs110402

rs110402. and haplotype TCA Protecitve effect
of the TCA haplotype in careers of
S-HTTLPR S

Brandely and colleagues, 422 Afro-American patients and and CRHRU1: 154076452; 1s12942300; rs7209436; | Risk of depression |SNPs were associated wiuth MDD at | NO

2008 [131] independent sample of 199 subjects, of | rs4792887;rs110402;rs242924;rs242940;rs173 nomila p levels when in combination
which 74 with no MDD and 126 with 365;rs242950;rs242948 with an history of child abuse
MDD

Starr and colleagues, 2014 Perspective study in an original sample |5- HTTLPR Risk of depression | Chronic stress, adverse life events and |NO

[132] of 815 youth at the age of 15, reassessed CRHRI1 rs110402 the A allele of the rs110402 and for the
between age 22 and 25, 512 consented, S allele at 5S-HTTRLP were associated
381 entered the study. with the risk of depression

Buttenschen and colleagues, 408 MDD 68 genetic variations in CRH, CRHR1, Risk of depression |No significant association finding. NO

2016 [133] 289 HCT CRH2, FKBPS5 and NC3C1 Nominal significant associations were

found at rs4309, rs4311, rs4329 and
ACEI/D
Wu and colleagues, 2012 368 MDD ACE I/D Risk of depression | No significant association in the NO
[134] 371 HTC; investigation study. Meta-analys
showed a 18% increased risk for
A meta-analysis including 2476 MDD depression for careers of D/D variation
and 7744 HTC

Weber and colleagues, 2016 239 PD CRHRI1 rs7225082; rs7209436;rs4458044; Risk of panic Rs17689918 was associated with PD NO

[135] 508 PD (replication sample) rs12936181; rs3785877; 1s17689918; disorder after correction for multiple testing
508 HTC 1517689966 154792825

Amstadter and colleagues, Prospective study involving 103 CRHR1 Risk of panic Rs12944712 was associated with PTSD |[NO

2011 [136] pediatric injury patients 1s4074461; rs12944712; 1s4458044; disorder symptoms after Bonferroni correction

rs12936181; rs242942; rs17763104;
rs17690314; rs17763658

‘White and colleagues, 2013 | Prospective study involving 626 CRHR1 Risk of panic Rs12938031 and rs4792887were NO

[137] individuals exposed to hurricane rs12938031; disorder associated with PTSD symptoms after

1s7209436, Bonferroni correction

rs171441;

1s242924;

rs4792887,

rs2664008;

1s242936;

rs110402;

1517689966

rs242939;

1516940686;

15173365
Grabe and colleagues, 2010 1638 individuals assessed for Childhood CRHRI1 TAT haplotype (rs7209436; Risk of depression | TAT haplotype showed a significant NO
[138] trauma and MDD rs110402; rs242924;) given genetic X E | interaction with childhood physical

interaction neglet, rs17689882 reached “gene-
wide” signfificant association result
Heim and colleagues, 2009 1063 individuals assessed for Childhood CRHR1 rs110402 Risk of depression | Protective effect of the rs110402 NO
[139] trauma and MDD given genetic X E | A-allele in men (N = 424)
interaction

‘Wasserman and colleagues, A sample of 672 suicide attempter CRHR1 Risk for suicide T allele at the rs12936511 was NO
2009 [140] offspring rs12936511 significantly more transmitted in
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495 anonymous blood donnors

(AVPRIB), 15242937 (CRHR1),
11396862 (CRHR1), rs878886
(CRHRI).

Rs878886 resisted correction for

multiple testing

DeYoung and colleagues, 339 maltreated children CRHR1 Association TAT haplotype was associated with NO
2011 [141] 275 HTC 1s110402; rs242924; 17209436 between higher levels of neuroticims
maltreatment and
neuroticism
Laucht and colleagues, 2013 300 individuals longitudinally assessed | CRHR1 Association TAT haplotype interacted with NO
[142] for childhood trauma and depression at | rs7209436; rs110402; rs242924; and between childhood trauma in driving risk
the age of 19, 22 and 23 1517689882 maltreatment and | for depression along with G/G at
depression rs17689882
Kranzler and colleagues, 2011 | 1,211 European-Americans (EAs) and | CRHRI1 TAT haplotype (rs7209436; Risk of depression | TAT haplotype had a significant NO
[143] 1,869 African-Americans (AAs) rs110402; rs242924;) given genetic X E | interaction with adverse childhood
interaction life events and depression in African-
American women
Liu and colleagues, 2013 256 MDD CRHR1 Risk of depression | G allele of rs242939 was significantly |NO
[144] 272 HTC 151876828, over-represented in the MDD group
15242939; GGT haplotype was significantly over-
15242941 represented in the MDD group
Polanczyk and colleagues, Follow up of two independent samples: | CRHR1 TAT haplotype (rs7209436; Risk of depression | TAT haplotype had a significant NO
2009 [145] 1116 followed up to the age of 40 ys and | rs110402; rs242924;) given genetic X E | interaction with adverse childhood life
1037 followed up to the age of 32 interaction events and depression
Hodges and colleagues, 2007 | 120 multiplex PD pedigrees GRP Risk of panic Rs1517035, rs4108697 and rs4439987 | NO
[146] 15755719; disorder were found to be associated with risk
151517036, of PD in association with a story of
1s1517035; childhood abuse.
154108697,
1s1062557;
15936431;
GRPR
rs4084832;
1$2353577;
154986945;
154986946;
153747411;
1$2353576;
CRHR1
15242924;
15242940;
1rs173365;
151396862;
15242944;
TACR1
15754978;
154439987,
rs3755460;
rs741418;
rs2058860;
rs1477157.
Yoshinobulshitobi and 218 HTC CRHR1 Personality traits | No genetic association was found NO
colleagues, 2013 [147] rs4076452; (NEO PI-R; TCI;
1s7209436; STAI)
rs110402;
rs242924;
rs242940;
rs173365
CRHR2
rs4722999;
rs3779250;
1$2267710;
rs1076292;
rs2284217,
1s2267716
Soyka and colleagues, 2004 | 170 alcohol dependent patients CRHRI1 Personality traits | No genetic association was found NO
[148] 1s110402; (NEO PI-R; TCI;
15171440; STAI)
151396862;
rs878886
Tochigi and colleagues, 2006 |243 HTC CRHR2 Personality traits | A allele at the rs2267717 was associated NO
[149] 152267717 (NEO PI-R; STAI) A with Opennes
Keck and colleagues, 2008 186 PD 71 SNPs in CRH, CRHR1, CRHR2, AVP, Risk of panic The following variations were NO
[150] 299 HTC AVPRI1A, AVPRIB disorder associated with PD in the combined
sample: 1528632197 (AVPRIB),
173 PD 1rs28607590 (AVPR1B), rs28575468
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2014 [162]

rs242939; rs1876828

NR3C2

15522

NR3C1 rs41423247; rs10482605; rs10052957
FKBP5

rs1360780

of emotional
stimuli

and early life stress predicted left
hippocampal and left amygdala volumes

Heitland and colleagues, 2016 |224 HTC S-HTTLPR Fear conditioned | CRHRI rs878886 G-allele carriers NO
[151] responses showed reduced acquisition of cue-

CRHRI rs878886 specific fear-conditioned responses. An
additional interaction effect of CRHR1
rs878886 and the triallelic 5-HTTLPR/
rs25531 variant on cued fear acquisition

Heitland and colleagues, 2013 | 150 HTC 5-HTTLPR Fear conditioned |G allele at rs878886 was associated NO
[152] responses with no acquisition of fear response.

CRHRI rs878886 When in combination with the short
allele, it was associated with increased
fear conditioned response

Hsu and colleagues, 2012 16 unmedicated MDD CRH Neuronal process | A carriers showed decreased response  |[NO
[153] 83 HTC rs110402 of emotional in MDD in the hypothalamus, bilateral

stimuli amygdala, and left nucleus accumbens
Pgliaccio and colleagues, 306 HTC 9 — 14 years old CRHRI1 rs4792887; rs110402; rs242941; Neuronal process | The genetic profile scores NO
2015 [154] 15242939; 151876828 of emotional and life events experience interacted to

NR3C2 stimuli predict connectivity with

15522 the parahippocampalgyrus, caudate tail,

NR3C1 rs41423247; rs10482605; rs10052957 MFG, and IFG

FKBPS

rs1360780

Ching-Lopez and colleagues, |711 individuals from the local 91 candidate SNPs Risk for MDD Rs623580 in TPH1, 159526236 *
2015 [155] community upstream to HTR2A, rs17689966,
1s173365, 1s7209436, rs110402 and
1s242924 in CRHR1 showed a marginal
significance in association with MDD
Kohrt and colleagues, 2015 682 individuals FKBP5 Cortisol levels Rs9296158 showed an association NO
[156] 151360780; rs3800373; rs9296158; rs9470080 | and depressive with depressive symptoms, which was
symptoms stronger when considering interaction
with the childhood trauma
Woody and colleagues, 2016 | 129 children with mother with MDD CRHRI1 TAT haplotype (1s7209436; Association with | Children who were non carriers of the |NO
[157] 126 children with mother without MDD |rs110402; rs242924;) brooding protective TAT haplotype showed more
brooding
Pagliaccio and colleagues, 107 children CRHRI1 rs4792887; rs110402; rs242941; Neuronal process | GeneXE predicted greater left amygdala NO
2015 [158] 15242939; rs1876828 of emotional responses to negative emotional stimuli.
stimuli Genetic profile

NR3C2 scores interacted with sex and pubertal

185522 status

NR3C1 r541423247; rs10482605; rs10052957

FKBP5

rs1360780

Cicchetti and colleagues, 1096 children 5-HTTLPR Internalizing 5-HTTLPR and rs7103411 interacted |*
2014 [159] symptoms in with gender and environmental

BDNF children exposed to | variables prediction the degree of

1s6265 trauma anxiety and depressive symptoms

1925946

1s7103411

rs4923461

NET

rs168924

CRHR1

157209436

rs110402

1s242942

Suzuki and colleagues, 2014 300 HTC FKBPS Personality traits | Rs1360780 G allele was associated NO
[160] rs1360780; (DAS-24) with Achievement, Self-control and
Dependency subscales
Szczepankiewicz and 528 BP FKBP5 Risk for affective | Rs136078, rs9470080, rs4713916, NO
colleagues, 2014 [161] 218 MDD rs1306780; disorder 1$9296158 and rs9394309 were found to
742 HTC 18755658; be associated with MDD but not BD
1rs9470080;

rs4713916;

1s7748266;

1s9296158;

1s9394309;

rs9800373

Pagliaccio and colleagues, 120 pre-school children CRHRI1 154792887; rs110402; 1s242941; Neuronal process | The interaction of genetic profile scores | NO
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Schatzberg and colleagues, 40 MDD (psychotic) CRH Risk of MDD Rs4076452 and rs4792825 were NO
2014 [163] 26 MDD (not psychotic) 1s10098823 associated with depression
29 HCT 1s3176921
rs5030875
1s5030877
156999100
157350113
CRHR1
15110402
1512938031
1516940674
15171440
1517689966
15242924
1rs242940
15242948
154076452
rs4792887
154792888
157209436
rs3785877
154792825
154458044
rs12944712
1517763104
152664008
rs17763658
15242942
1511657992
CHRH2
152240403
1s2267712
152267715
1s2267717
1s2270007
15255100
154723003
157812133
15255102
1s975537
152190242
152267716
152284216
152284217
1rs4723000
1s12701020
1517159371
1s929377
NRC1
156195
156198
1s33388
152918419
rs10052957
1510482633
1512521436
1s12655166
1s17209258
1541423247
NRC2
15525
1$5530
151879829
152070951
152272089
153910052
154835488
156535578
157658048
157694064
FKBP5
rs1360780
1s3800373

Engineer and colleagues, 200 pregnant women NR3C1 Risk for depression Bcll and rs242939 were found to be NO
2013 [164] Bell and ER22/23EK during pregnancy  associated with MDD during pregancy
rs1876828
15242939
15242941
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Shinozaki and colleagues,
2011 [165]

131 adult kidney transplant recipients

5-HTTLPR
1525531
Stin 2 VNTR

BDNF
154680

COMT
156265

CRHR1
15110402
15242924
157209436
154792887

FKBP5

rs1360780
rs3800373
r$9296158
rs9470080

Risk for depression

360780, 159296158, and
1s9470080 were associated with
depressive symptoms

NO

Zimmermann and colleagues,
2011 [166]

884 individuals in a prospective study

FKBP5

rs3800373
1$9296158
151360780
1rs9470080
154713916

First occurrence of
a MDD episode

All investigated variations were
associated with trauma or severe
trauma, but not MDD

NO

Lewis and colleagues, 2012
[167]

271 mothers and children from the
Predicting and Preventing Adolescent
Depression Project

165 mothers and children from the
CaStANET twin register

CRHRI1
157209439
15242924
15110404

FKBP5

rs1360780
54713916
rs3800373

NR3cl
1541423247

Association

of recurrence
between mother
and offspring
depression

No genetic association

NO

Appel and colleagues, 2011
[168]

2157 individuals from the Study of
Health in Pomerania

FKBP5
rs1360780

Risk for depression

Significant interaction between
childhood trauma and the T allele
of 11360780 was detected towards
depression

NO

Zobel and colleagues, 2010
[169]

268 MDD
284 HTC

FKBP5
rs3800373
1s755658
rs1360780
rs1334894
rs4713916

Risk for depression

Rs3800373, rs1360780 and rs4713916
were associated with risk of depression

NO

Dong and colleagues, 2009
[170]

246 MDD
272 HTC

Multiple SNPs crossing 56280000bp exploring

ABCBI1, SLC6A2, SLC6A3, SLC6A4,
CREBI1 and NTRK2

Risk of depression

CREBI 153730276 was associated with
risk of depression among other SNPs in
different genes

NO

Polanczyk and colleagues,
2009 [145]

1116 women in the E-risk study follow
up to age 40

1037 women and men in the Dunedin
Study follow up to age 32

CRHR1 TAT haplotype (1s7209436;
15110402; rs242924;)

Risk for depression

The haplotype conferred resistance to
depression to individuals exposed to
violence in their childhood

NO

Willour and colleagues, 2009
[171]

317 families with 554 bipolar offspring

FKBP5

rs1043805; rs7757037; rs3798346; 1s9296158;

rs9380525; rs7763535; rs737054

Risk for bipolar
disorder

Rs4713902 and rs7757037 were
associated with BD

NO

Dempster and colleagues,
2007 [172]

328 families with affected probands
with a diagnosis of early childhood
depression

AVPRI1B
1528536160
15283703064
1s35369693
1528632197
1s33985287
1s33933482

Risk for depression
(early onset)

Rs35369693 and rs33985287 showed
association with depression

NO
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Wasserman and colleagues,
2009 [140]

542 trios with suicide attempter CRH
offspring rs1870393
re3176921

CRHR1
151396862
4792887

AVPR1B
1s35630000;
1s33911258;
1rs33990840;
rs28529127;
rs33933482

Ben-Efraim and colleagues,
2013 [173]

660 trios of offsprings who attempted
suicide

MDD:Major Depressive Disorder, HCT: Healthy Controls, PD:Panic Disorder, NEO-PI-R: Revised NEO Personality Inventory, TCI: Temperament and Character Inventory, STAI: State-Trait

Rs33985287 was associated with NO
suicide risk

Risk for suicide

Rs33990840 associated with suicide NO
behavior

Risk for suicide

Anxiety Inventory, MFG:Middle Frontal Gyrus, IFG:Inferior Frontal Gyrus, DAS-24: Dysfunctional Attitude Scale, BP: Bipolar Disorder

over gene expression to determine both long-lasting differentiation
processes and short-medium term regulations of the cells' behavior
is mirrored by the presence of two different class of enzymes that
mediate the methylation of DNA. DNA methyltransferases are present
in “maintenance” and “de novo” isoforms [91]. The first isoform
methylates areas of the DNA in which the methylation of CpG islands
is present but not complete, the second isoform can methylate areas
of DNA that were not previously methylated. Not only the DNA can
be methylated, but also histones, whose complexes for tight bounds
with DNA preventing its expression. Methylation cann occur to
histones along with acetylation, ubiquitination and phosphorylation,
all these molecular events concurring the orchestration that regulate
the DNA transcription [92,93]. These mechanisms were shown to be
directly involved in the formation of new memories [94]. This evidence
bridges the psychological experience of an event with the biological
modifications that both represent a reaction to the experience and an
adaptation to the environment [95]. Its role in anxiety and depressive
response after a trauma is intuitive and the ability to understand and
modify the biological events that trigger memories and reaction to
them would pave the way to a better treatment of depressive disorders
and anxiety disorders. It has been reported that impairing the histone
system result in a decreased ability to store memories in animal models
[96-98], and the use of drugs that interact with histones can alter the
ability to form memories [94,99], a molecular event that may be of use
in clinical practice, when the extinction of aversive or maladaptive
memories is required. This treatment strategy is not clinically
implemented at the time of writing, but evidence from animal studies
appear promising [100,101]. As Table 1 shows, genetic results are
stronger in assessing the risk of anxiety or other psychiatric disorders
given a specific genetic background, when the early life traumatic
events are taken into consideration. Notable, early life events seem to
play a more relevant role than the actual cause of stress in determining
the risk of having a psychiatric disorder as a consequence of acute or
chronic stress. The biological explanation of this event may be found in
reports that show how the early traumatic events have a deep impact
in the epigenetic mechanisms that control gene expression [102-107].
Most interestingly, the epigenetic regulation that is a consequence of
stress and may expose later in life to stress-related psychiatric disorders
appears to be transgenerational in nature, so that not only early life
experiences are associated with epigenetic modifications that increase
the risk of disease later in life, but also the stressful experiences of
the pregnant mothers can influence the further development of
their offspring [108,109]. A finding that was recently proved true for
complex behaviors [110], cognitive performance and prenatal cocaine
exposure [111], but not psychiatric disorders per se [112]. Mathews and
colleagues [113] reported that women (n=33) recently diagnoses with
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breast cancer showed an impaired immune system and a dyscontrol in
the epigenetic regulation of histone acetylation and phosphorylation,
which was in association with the perceived stress. Kim and colleagues
reported on a significant association between an increased methylation
rate of the BDNF and an increased risk of suicide in a sample of 279
patients with breast cancer [59], a finding that was confirmed in an
independent research conducted by Kang and colleagues [114] and
involving 309 patients with breast cancer. Consistently, Zhou and
colleagues [115] reported a significant association between methylation
rates in three different genomic sites and depressive scores in a sample
of 73 women with breast cancer in stages from I to III.

Discussion

Depression and anxiety may be complications during the treatment
of the most form of cancers. A comorbidity with depressive symptoms
or symptoms of anxiety results in a worse prognosis for patients
with a diagnosis of cancer. The ability to identify subjects at risk of
develop a psychiatric disorder later on in the treatment of a cancer
would pave the way to the implementation of efficacious strategies
to reduce comorbidity and increase the effectiveness of the current
treatments for cancer. This topic has been the object of intensive
research during the last decades, focusing on the social, psychological
and biological characteristics of those patients that are more at risk for
a psychiatric comorbidity after they receive a diagnosis of cancer or
during the treatment of cancer. Such identification as so far frustrate
researchers efforts and the current classifications used for prognostic
and treatment related protocols in cancer disease (Box 1 and 2), do not
implement psychiatric comorbidity or stress-related events. A younger
age, being female, a lower income and treatment with surgery are
significantly associated with more stress [33], education level proved to
be associated with resistance to depressive symptoms [116] and social
support was shown to play a relevant role also [117]. Psychological
factors may also play a role as it was reported that neuritic traits in
personality could increase the risk of a later development of a cancer.
Nevertheless, the presence of conflicting results in literature does not
allow final conclusions in this field either, as previously reported in the
present contribution. The last decades of investigation have focused
in the research for genetic variations that could predict depressive or
anxiety related symptoms in cancer patients, and despite some of the
more classical variations that have previously reported to be associated
with such psychiatric disorders show a correlation with depressive
and anxiety disorders in groups of patients that suffer from a cancer,
negative results prevent final conclusions once again. Within this frame,
a better understanding of the molecular events that mediate response
to stress, with a particular attention of the timing of their activation and
the presence of “windows” during which the stress response system can
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Box 1. TNM classifications
What it is
TNM is a classification of a cancer disease by its dissemination in the body. It provides a description of

the cancer disease and disease dissemination that is instrumental for prognosis and treatment.
When it is used
TNM is used to the classification of a number of cancer diseases, it is not specific for the CRC. It is
mainly used in the clinical settings.

How it is used
T is the category that describes the first localization of the tumor
N is the category that describes the regional involvement of lymph nodes
M is the category the describes the presence of metastases

Published by
UICC (http://www.uicc.org/)

Box 2. Surveillance, Epidemiology, and End Results (SEER) classification

What it is

SEER is a classification of a cancer disease based on histological variables. Hundreds of different
histological cancer classes are known. They are grouped in six categories including: 1) Carcinomas
(from epithelial cells, malignant); 2) Sarcoma (originates in supportive and connective tissues); 3)
Myeloma (originates in the plasma cells of bone marrows); 4) Leukemia (often associted with the
overproduction of white blood cells); 5) Lymphoma (originates in the gland or nodes of the lymphatic
system); 5) Mixed types.

When it is used
SEER was established in 1973 in response to the National Cancer Act of 1971, which mandated that the
National Cancer Institute (NCI) collect, analyze, and disseminate all data useful in the prevention,
diagnosis, and treatment of cancer. SEER is mainly used for statistical and research goals

How it is used
It is based on the histological characteristics of the cancer, it assembles and report annual estimates of
cancer statistics that pertain to incidence, prevalence, and patient survival; monitor trends to identify
important changes in cancer rates for population subgroups defined by geographic, demographic, and
social characteristics; provide information on changes over time in stage of disease at diagnosis and
types of therapy, as well as associated changes in cancer patient survival; carry out special studies that
provide insight into trends in cancer rates, treatment patterns, and other relevant aspects of cancer
control; and provide an infrastructure to support cancer research through its publicly available data.

Published by
International Classification of Diseases for Oncology, Third Edition (ICD-O-3) (http://codes.iarc.fr/)
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Table 3. Selection of genes and tagging SNPs.

symbol

Ensembl

chr start stop

descritpion

n_exons

n_knonw_
SNPs

best_tagging

previous evidence (pmid)

NR3Cl

ENSG00000113580

5q31.3 143254293 143459148

This gene encodes glucocorticoid
receptor, which can function both as

a transcription factor that binds to
glucocorticoid response elements in the
promoters of glucocorticoid responsive
genes to activate their transcription,

and as a regulator of other transcription
factors. This receptor is typically found
in the cytoplasm, but upon ligand
binding, is transported into the nucleus.
It is involved in inflammatory responses,
cellular proliferation, and differentiation
in target tissues. Mutations in this

gene are associated with generalized
glucocorticoid resistance. Alternative
splicing of this gene results in transcript
variants encoding either the same or
different isoforms. Additional isoforms
resulting from the use of alternate
in-frame translation initiation sites

have also been described, and shown

to be functional, displaying diverse
cytoplasm-to-nucleus trafficking
patterns and distinct transcriptional
activities (PMID:15866175). [provided
by RefSeq, Feb 2011]</dd>

16

318

1s312570,rs3125
71,rs7701729,rs
7722075,rs11746
024,rs1391251,r
s17101265,rs211
2197,rs2112198,
1s312637,

1557508(2),8297920(1),83739
36(1),9380019(1),10520140(1

),11033331(1),11274650(5),11
383977(1),11593077(2),12242
054(2),12511169(2),1262724,

(1),12727135(3),14517580(1)

,14677081(1),15536494(1),15

576061(1),15645065(1),15694
112(1),15987954(1),16019586
(4),16255837(1),16499076(1)

,16580345(1),16785275(1),17

034955(1),17070667(2),18037
007(1),18368033(1),18502552
(1),19065455(1),19300389(1),
19782477(1),19906241(1),199
06242(1),20231081(1)

AVP

ENSG00000101200

20p13 3080909 3095165

This gene encodes a member of the
vasopressin/oxytocin family and
preproprotein that is proteolytically
processed to generate multiple protein
products. These products include
the neuropeptide hormone arginine
vasopressin, and two other peptides,
neurophysin 2 and copeptin. Arginine
vasopressin is a posterior pituitary
hormone that is synthesized in the
supraoptic nucleus and paraventricular
nucleus of the hypothalamus. Along
with its carrier protein, neurophysin 2, it
is packaged into neurosecretory vesicles
and transported axonally to the nerve
endings in the neurohypophysis where
it is either stored or secreted into the
bloodstream. The precursor is thought to
be activated while it is being transported
along the axon to the posterior pituitary.
Arginine vasopressin acts as a growth
factor by enhancing pH regulation
through acid-base transport systems. It
has a direct antidiuretic action on the
kidney, and also causes vasoconstriction
of the peripheral vessels. This hormone
can contract smooth muscle during
parturition and lactation. It is also
involved in cognition, tolerance,
adaptation and complex sexual and
maternal behaviour, as well as in the
regulation of water excretion and
cardiovascular functions. Mutations in
this gene cause autosomal dominant
neurohypophyseal diabetes insipidus
(ADNDI). This gene is present in a gene
cluster with the related gene oxytocin on
chromosome 20. [provided by RefSeq,
Nov 2015]</dd>

72

1s6107250,rs611
5805,rs6139019,
152422859,rs308
7802,rs3827132,
156084276

BDNF

ENSG00000176697

11p13 27644817 27732132

This gene encodes a member of the
nerve growth factor family of proteins.
Alternative splicing results in multiple
transcript variants, at least one of
which encodes a preproprotein that is
proteolytically processed to generate
the mature protein. Binding of this
protein to its cognate receptor promotes
neuronal survival in the adult brain.
Expression of this gene is reduced
in Alzheimer's, Parkinson's, and
Huntington's disease patients. This gene
may play a role in the regulation of the
stress response and in the biology of
mood disorders. [provided by RefSeq,
Nov 2015]</dd>

12

101

1s7931247,rs793

4165,rs908867,rs
962369,rs108352
10,rs12273363,rs
12288512,rs1691
7237157103411,

1s4923468

19898468
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CRH

ENSG00000147571

8q13

66176041

66178945

This gene encodes a member of

the corticotropin-releasing factor
family. The encoded preproprotein is
proteolytically processed to generate
the mature neuropeptide hormone.

In response to stress, this hormone is
secreted by the paraventricular nucleus
(PVN) of the hypothalamus, binds

to corticotropin releasing hormone
receptors and stimulates the release of
adrenocorticotropic hormone from the
pituitary gland. Marked reduction in this
protein has been observed in association
with Alzheimer's disease. Autosomal
recessive hypothalamic corticotropin
deficiency has multiple and potentially
fatal metabolic consequences including
hypoglycemia and hepatitis. In addition
to production in the hypothalamus, this
protein is also synthesized in peripheral
tissues, such as T lymphocytes, and is
highly expressed in the placenta. In the
placenta it is a marker that determines
the length of gestation and the timing of
parturition and delivery. A rapid increase
in circulating levels of the hormone
occurs at the onset of parturition,
suggesting that, in addition to its
metabolic functions, this protein may act
as a trigger for parturition. [provided by
RefSeq, Nov 2015]</dd>

95

1361969(1), 8491091(2),

8643630(1), 8731457(2),

9854171(2), 10599479(2),
10867111(1), 10918705(1),
1128269,(1), 11337099(1),
12662131(1), 12769601(1),
12845406(1), 14563384(1),
14575894(1), 14698679(1),
15212620(1), 15214502(1),
15240401(1), 15278013(1),
15331578(1), 15509759(1),
15573019(1), 16594259(3),
16769145(1), 16870185(1),
16884458(1), 17044726(1),
17065965(1), 17287823(1),
18384079(1), 18412102(1),
18622363(1), 19520785(1),
19738931(1), 20010888(1)

REST

ENSG00000084093

4q12

56903680

56940039

This gene encodes a transcriptional
repressor that represses neuronal

genes in non-neuronal tissues. It is

a member of the Kruppel-type zinc
finger transcription factor family. It
represses transcription by binding a

DNA sequence element called the
neuron-restrictive silencer element. The
protein is also found in undifferentiated
neuronal progenitor cells and it is
thought that this repressor may act as a
master negative regular of neurogenesis.
Alternatively spliced transcript variants
have been described [provided by
RefSeq, Jul 2010]</dd>

592

1s13148656,rs17

086696,rs289906
3,rs3796543,rs37
96544,rs6554347
,1s6554348,rs681
2222,1s7693137,

157696808

20071535

DRDI1

ENSG00000184845

5q35.1

175440148

175444682

This gene encodes the D1 subtype of
the dopamine receptor. The D1 subtype
is the most abundant dopamine receptor
in the central nervous system. This
G-protein coupled receptor stimulates
adenylyl cyclase and activates cyclic
AMP-dependent protein kinases. D1
receptors regulate neuronal growth and
development, mediate some behavioral
responses, and modulate dopamine
receptor D2-mediated events. Alternate
transcription initiation sites result in
two transcript variants of this gene.
[provided by RefSeq, Jul 2008]</dd>

198

19077056

DRD2

ENSG00000149295

11q23

113399741

113485131

This gene encodes the D2 subtype of
the dopamine receptor. This G-protein
coupled receptor inhibits adenylyl
cyclase activity. A missense mutation in
this gene causes myoclonus dystonia;
other mutations have been associated
with schizophrenia. Alternative splicing
of this gene results in two transcript
variants encoding different isoforms.

A third variant has been described, but
it has not been determined whether
this form is normal or due to aberrant
splicing. [provided by RefSeq, Jul
2008]</dd>

238

1s3018331,rs260
6726,rs2735201,r
$1672713,rs1229
2595,rs10750043
,rs1319730,rs711
9141,rs7934726,
rs11821039

8897112(1), 9513185(1),
19180583(1), 20122683(2),
9345554(1), 9513185(1),
10482381(1), 10512150(1),
10812530(1), 18251011(2),
18929622(1), 20067857(1)

Integr Cancer Sci Therap, 2016

doi: 10.15761/1CST.1000201

Volume 3(4): 516-542




Christensen M (2016) Genetic determinants of psychic resilience after a diagnosis of cancer

GRIN2B

ENSG00000273079

12p12

13470636

14048701

N-methyl-D-aspartate (NMDA)
receptors are a class of ionotropic
glutamate receptors. NMDA receptor
channel has been shown to be involved
in long-term potentiation, an activity-
dependent increase in the efficiency
of synaptic transmission thought to
underlie certain kinds of memory and
learning. NMDA receptor channels
are heteromers composed of three
different subunits: NR1 (GRIN1),
NR2 (GRIN2A, GRIN2B, GRIN2C,
or GRIN2D) and NR3 (GRIN3A or
GRIN3B). The NR2 subunit acts as the
agonist binding site for glutamate. This
receptor is the predominant excitatory
neurotransmitter receptor in the
mammalian brain. [provided by RefSeq,
Jul 2008]</dd>

16

638

1s1805509,rs180
5526,rs3026164,
1$3026175,rs302
6186,rs4764006,
1s7309380,rs731
1774,1s7316060,
157977989

19077056

GRIN2A

ENSG00000183454

16p13.2

9688909

10247857

This gene encodes a member of the
glutamate-gated ion channel protein
family. The encoded protein is an
N-methyl-D-aspartate (NMDA) receptor
subunit. NMDA receptors are both
ligand-gated and voltage-dependent, and
are involved in long-term potentiation,
an activity-dependent increase in the
efficiency of synaptic transmission
thought to underlie certain kinds of
memory and learning. These receptors
are permeable to calcium ions, and
activation results in a calcium influx into
post-synaptic cells, which results in the
activation of several signaling cascades.
Disruption of this gene is associated
with focal epilepsy and speech disorder
with or without mental retardation.
Alternative splicing results in multiple
transcript variants. [provided by RefSeq,
May 2014]</dd>

690

1rs8048025,rs9941
172,rs10744973,r
51448265,rs1270
8642,rs13330640
1816966264 ,rs72
00793,rs837686,

1837699

19077056

GRIN2C

ENSG00000161509

1725.1

74839096

74864437

This gene encodes a subunit of the
N-methyl-D-aspartate (NMDA)
receptor, which is a subtype of
ionotropic glutamate receptor. NMDA
receptors are found in the central
nervous system, are permeable to
cations and have an important role in
physiological processes such as learning,
memory, and synaptic development.
The receptor is a tetramer of different
subunits (typically heterodimer of
subunit 1 with one or more of subunits
2A-D), forming a channel that is
permeable to calcium, potassium, and
sodium, and whose properties are
determined by subunit composition.
Alterations in the subunit composition
of the receptor are associated with
pathophysiological conditions such

as Parkinson's disease, Alzheimer's
disease, depression, and schizophrenia.
Alternative splicing results in multiple
transcript variants. [provided by RefSeq,
Jun 2013]</dd>

16

619

154592695,rs479
0015,rs7212305,
1s7214890,rs750
1499,rs8064769
,1s8075657,rs80
76595,rs907898,
159898046

19077056

GRIN2D

ENSG00000105464

19q13.33

48387365

48452445

N-methyl-D-aspartate (NMDA)
receptors are a class of ionotropic
glutamate receptors. NMDA channel
has been shown to be involved in long-
term potentiation, an activity-dependent
increase in the efficiency of synaptic
transmission thought to underlie certain
kinds of memory and learning. NMDA
receptor channels are heteromers
composed of the key receptor

subunit NMDAR1 (GRIN1) and 1

or more of the 4 NMDAR?2 subunits:
NMDAR2A (GRIN2A), NMDAR2B
(GRIN2B), NMDAR2C (GRIN2C), and
NMDAR2D (GRIN2D). [provided by
RefSeq, Mar 2010]</dd>

13

395
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GRIN3A

ENSG00000198785

9g31.1

101543967

101763963

This gene encodes a subunit of the
N-methyl-D-aspartate (NMDA)
receptors, which belong to the
superfamily of glutamate-regulated ion
channels, and function in physiological
and pathological processes in the
central nervous system. This subunit
shows greater than 90% identity to the
corresponding subunit in rat. Studies
in the knockout mouse deficient in this
subunit suggest that this gene may be
involved in the development of synaptic
elements by modulating NMDA
receptor activity. [provided by RefSeq,
Jul 2008]</dd>

584

1s10819702,rs108
19703,rs2416939
,1s4743367,1s702
4182,rs4743365,r
$34148386,rs702
0312,rs7850043,
157865169

19077056

TRIM28

ENSG00000130726

19q13.4

58543531

58551651

The protein encoded by this gene
mediates transcriptional control by
interaction with the Kruppel-associated
box repression domain found in many
transcription factors. The protein
localizes to the nucleus and is thought
to associate with specific chromatin
regions. The protein is a member of the
tripartite motif family. This tripartite
motif includes three zinc-binding
domains, a RING, a B-box type 1 and a
B-box type 2, and a coiled-coil region.
[provided by RefSeq, Jul 2008]</dd>

428

14519192;

19081377

DNMT1

ENSG00000130816

19p13.2

10124084

10204338

This gene encodes an enzyme that
transfers methyl groups to cytosine
nucleotides of genomic DNA. This
protein is the major enzyme responsible
for maintaining methylation patterns
following DNA replication and shows a
preference for hemi-methylated DNA.
Methylation of DNA is an important
component of mammalian epigenetic
gene regulation. Aberrant methylation
patterns are found in human tumors
and associated with developmental
abnormalities. Variation in this gene
has been associated with cerebellar
ataxia, deafness, and narcolepsy, and
neuropathy, hereditary sensory, type IE.
Alternative splicing results in multiple
transcript variants. [provided by RefSeq,
Jan 2016]</dd>

42

703

1s721186,rs1167
2909,rs2116940,
1s2288350,rs480
4125,rs4804490,
1s4804494,rs811
1085,rs8112895,
1s7247491

25065861

DNMT3a

ENSG00000119772

2p23

25216516

25359033

CpG methylation is an epigenetic
modification that is important for
embryonic development, imprinting,
and X-chromosome inactivation. Studies
in mice have demonstrated that DNA
methylation is required for mammalian
development. This gene encodes a
DNA methyltransferase that is thought
to function in de novo methylation,
rather than maintenance methylation.
The protein localizes to the cytoplasm
and nucleus and its expression is
developmentally regulated. Alternative
splicing results in multiple transcript
variants encoding different isoforms.
[provided by RefSeq, Jul 2008]</dd>

33

609

157566506,rs1168
6210,rs7589318,r
$6545976,rs6719
226,rs3731634,rs
17046887,rs1704
6931,rs28932473,
rs3820935

25065861

DNMT3b

ENSG00000088305

20q11.2

32755338

32816401

CpG methylation is an epigenetic
modification that is important for
embryonic development, imprinting,
and X-chromosome inactivation. Studies
in mice have demonstrated that DNA
methylation is required for mammalian
development. This gene encodes a DNA
methyltransferase which is thought to
function in de novo methylation, rather
than maintenance methylation. The
protein localizes primarily to the nucleus
and its expression is developmentally
regulated. Mutations in this gene cause
the immunodeficiency-centromeric
instability-facial anomalies (ICF)
syndrome. Eight alternatively spliced
transcript variants have been described.
The full length sequences of variants

4 and 5 have not been determined.
[provided by RefSeq, May 2011]</dd>

24

475

1$6087625,rs608
7626,rs6088590
,1s6088594,rs61

19516,rs612070
8,rs6141509,rs9

10869,rs910871,
1s959829

25065861
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in both soluble and membrane-bound
forms, depending on the absence or
presence, respectively, of a signal
peptide. [provided by RefSeq, Jul
2008]</dd>

NFIX ENSG00000008441 19p13.3 12980299 13114251 The protein encoded by this 13 143 rs7250834,rs1298 125135974
gene is a transcription factor that 2296,rs10402645,
binds the palindromic sequence rs11881337,rs104
5'“TTGGCNNNNNGCCAA-3 in viral 01962,rs1042059
and cellular promoters. The encoded 7,rs2193519,rs34
protein can also stimulate adenovirus 999793,rs724915
replication in vitro. Three transcript 0,rs7256436
variants encoding different isoforms
have been found for this gene. [provided
by RefSeq, Aug 2012]</dd>

EGR1 ENSG00000120738 5q31.1 138464918 138469887 | The protein encoded by this gene 2 324 186596462,156861341 (25135974
belongs to the EGR family of C2H2-
type zinc-finger proteins. It is a nuclear
protein and functions as a transcriptional
regulator. The products of target genes it
activates are required for differentitation
and mitogenesis. Studies suggest this is
a cancer suppressor gene. [provided by
RefSeq, Dec 2014]</dd>

SLC6A4 | ENSG00000108576 17q11.2 130188071 30242214 This gene encodes an integral 15 348 rs12601965,rs170 | >100
membrane protein that transports the 923,rs17545903,r
neurotransmitter serotonin from synaptic $234810,rs234815
spaces into presynaptic neurons. The ,1s234828,rs2348
encoded protein terminates the action of 32,rs4796011,rs80
serotonin and recycles it in a sodium- 67780,rs877092
dependent manner. This protein is a
target of psychomotor stimulants, such
as amphetamines and cocaine, and is
a member of the sodium:neurotransm
ittersymporter family. A repeat length
polymorphism in the promoter of this
gene has been shown to affect the rate
of serotonin uptake and may play a
role in sudden infant death syndrome,
aggressive behavior in Alzheimer
disease patients, and depression-
susceptibility in people experiencing
emotional trauma. [provided by RefSeq,
Jul 2008]</dd>

HTR2A | ENSG00000102468 13q14-q21 |46821711 46906905 This gene encodes one of the receptors |4 215 1s7326674,rs953  |>100
for serotonin, a neurotransmitter with 4606,rs17069936
many roles. Mutations in this gene ,154942625,rs494
are associated with susceptibility to 2634,rs17386667
schizophrenia and obsessive-compulsive 1s1572872,1s956
disorder, and are also associated 7851,rs17069953,
with response to the antidepressant 1rs17069957
citalopram in patients with major
depressive disorder (MDD). MDD
patients who also have a mutation in
intron 2 of this gene show a significantly
reduced response to citalopram as this
antidepressant downregulates expression
of this gene. Multiple transcript variants
encoding different isoforms have
been found for this gene. [provided by
RefSeq, Sep 2009]</dd>

SLC6A3 | ENSG00000142319 5p15.3 1384893 1453323 This gene encodes a dopamine 15 346 1s2963260,rs461 |10435396(1), 11374331(1),
transporter which is a member of 193,rs11564772, |12185406(1), 15363105(1),
the sodium- and chloride-dependent 1s2963262,rs687 | 16644083(1), 17159542(1),
neurotransmitter transporter family. The 3098,rs7719363, | 18295460(2), 19844206(1)
3' UTR of this gene contains a 40 bp 1s37017,rs16877
tandem repeat, referred to as a variable 324,rs11133762,
number tandem repeat or VNTR, 152306194
which can be present in 3 to 11 copies.
Variation in the number of repeats is
associated with idiopathic epilepsy,
attention-deficit hyperactivity disorder,
dependence on alcohol and cocaine,
susceptibility to Parkinson disease and
protection against nicotine dependence.
[provided by RefSeq, Nov 2009]</dd>

DBH ENSG00000123454 9q34 133632915 133662790 | The protein encoded by this gene is 12 489 rs10793897,rs109 |9707300(1), 11904129(1)
an oxidoreductase belonging to the 01095,rs1124352
copper type II, ascorbate-dependent 4,rs17148276,rs4
monooxygenase family. It is present in 740313,rs785141
the synaptic vesicles of postganglionic 0,rs7861722,1rs10
sympathetic neurons and converts 901091,rs203187
dopamine to norepinephrine. It exists 2,1s7869935
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COMT

ENSG00000093010

22q11.21

19937504

19974209

Catechol-O-methyltransferase
catalyzes the transfer of a methyl

group from S-adenosylmethionine

to catecholamines, including

the neurotransmitters dopamine,
epinephrine, and norepinephrine.

This O-methylation results in one of
the major degradative pathways of

the catecholamine transmitters. In
addition to its role in the metabolism

of endogenous substances, COMT

is important in the metabolism of
catechol drugs used in the treatment of
hypertension, asthma, and Parkinson
disease. COMT is found in two forms in
tissues, a soluble form (S-COMT) and

a membrane-bound form (MB-COMT).
The differences between S-COMT and
MB-COMT reside within the N-termini.
Several transcript variants are formed
through the use of alternative translation
initiation sites and promoters. [provided
by RefSeq, Sep 2008]</dd>

11

197

9754693(3), 15450911(1),
16232322(1), 16529167(1),
18046978(1), 18629431(1)

CNRI1

ENSG00000118432

6ql4-q15

88135831

88170776

This gene encodes one of two
cannabinoid receptors. The cannabinoids,
principally delta-9-tetrahydrocannabinol
and synthetic analogs, are psychoactive
ingredients of marijuana. The
cannabinoid receptors are members of
the guanine-nucleotide-binding protein
(G-protein) coupled receptor family,
which inhibit adenylatecyclase activity
in a dose-dependent, stereoselective and
pertussis toxin-sensitive manner. The
two receptors have been found to be
involved in the cannabinoid-induced CNS
effects (including alterations in mood
and cognition) experienced by users of
marijuana. Multiple transcript variants
encoding two different protein isoforms
have been described for this gene.
[provided by RefSeq, May 2009]</dd>

237

156454604,rs690

7825,rs9450667,

1s1203156,rs126

61729,rs1884320
,1s6454605,rs645
4606,rs7744338,

159359748

19839936(1)

NPY

ENSG00000122585

Tpl5.1

24283035

24293016

This gene encodes a neuropeptide
that is widely expressed in the central
nervous system and influences many
physiological processes, including
cortical excitability, stress response,
food intake, circadian rhythms,

and cardiovascular function. The
neuropeptide functions through G
protein-coupled receptors to inhibit
adenylyl cyclase, activate mitogen-
activated protein kinase (MAPK),
regulate intracellular calcium levels,
and activate potassium channels. A
polymorphism in this gene resulting
in a change of leucine 7 to proline in
the signal peptide is associated with
elevated cholesterol levels, higher
alcohol consumption, and may be a
risk factor for various metabolic and
cardiovascular diseases. The protein also
exhibits antimicrobial activity against
bacteria and fungi. [provided by RefSeq,
Oct 2014]</dd>

51

1s1073317,rs127
00524,rs16147,r
$16148,rs16149,
1rs3905497

7561860(4), 8892391(2),
10208289(1), 14757324(1),
16713589(3), 16723308(1),
18281099(1), 19264362(1),
8097548(1), 11165308(1),
15078174(1), 19264362(1),

MAO-B

ENSG00000069535

Xpl1.23

43749229

43899854

172

1581446(1),, 9179504(2),
12849931(2), , 19657584(1)

MAO-A

ENSG00000189221

Xpll3

43641118

43760611

This gene is one of two neighboring
gene family members that encode
mitochondrial enzymes which catalyze
the oxidative deamination of amines,
such as dopamine, norepinephrine, and
serotonin. Mutation of this gene results
in Brunner syndrome. This gene has
also been associated with a variety of
other psychiatric disorders, including
antisocial behavior. Alternatively spliced
transcript variants encoding multiple
isoforms have been observed. [provided
by RefSeq, Jul 2012]</dd>

143

10335676(1), 11204346(1),
12595913(1), 15450911(3),
16529167(1), 18046978(1),
12555227(2), 15450911(1),
1498903(1), 7635005(1),
7717091(1), 8313400(2),
8923574(1), 9020990(1),
9179504(3), 9807650(1),
10564737(4), 11121185(1),
12502014(1),
12555227(2), 15486489(2),
15564894(1), 15956990(1),
17088501(1), 17417064(3),
17884271(4),,18337637(4),
, 8544183(2), 19224413(2),
19382113(2), 19657584(1),
19859025(1),
19996035(1),20010318(3),
20078943(2), 20175604(1)
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GABRA2 | ENSG00000151834 4pl12 46221573 46412012 2 153 1s10029664,rs104 | 19842164, 19842164,
70769,rs1093844 124022508
8,rs11725004,rs3
922601,rs407326
6,rs4264808,rs43
95477,rs4401483,

rs4645250
CNRI1 ENSG00000118432 6q14-q15 88135831 88170776 This gene encodes one of two 6 237 Rs1049353, /
cannabinoid receptors. The cannabinoids, 1s806376,
principally delta-9-tetrahydrocannabinol 15806369,
and synthetic analogs, are psychoactive 1512205430,
ingredients of marijuana. The rs806381
cannabinoid receptors are members of
the guanine-nucleotide-binding protein
(G-protein) coupled receptor family,
which inhibit adenylatecyclase activity
in a dose-dependent, stereoselective and
pertussis toxin-sensitive manner. The
two receptors have been found to be
involved in the cannabinoid-induced CNS
effects (including alterations in mood
and cognition) experienced by users of
marijuana. Multiple transcript variants
encoding two different protein isoforms
have been described for this gene.
[provided by RefSeq, May 2009]</dd>
CNRIP1 |ENSG00000119865 2pl4 68278788 68325432 This gene encodes a protein that 6 76 Rs806376 /
interacts with the C-terminal tail of 1s806367,
cannabinoid receptor 1. Two transcript 156454673,
variants encoding different isoforms 154707436,
have been described for this gene. 1512205430,
[provided by RefSeq, Jul 2013]</dd>
9]
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The characteristics of the genes are detailed in Table 3. The molecular pathway was extrapolated from the Cytoskape and genemania plugin database after entering the genes found to be
associated with stress and cancer. The distance from the single genes is a function of the strength of the molecular interaction of their products. The arrows symbolize the direction of the
molecular chain flow between the represented genes' products. Brown lines indicate physical connections, green lines indicate genetic connections, violet lines indicate co-expression, blu
lines indicated co-localization. The following GO annotations were found to be significantly overrepresented in the molecular pathway in the picture: Behavior (Q-value = 3.8e-09, coverage
= 12/228), response to ethanol (Q-value = 2.8e-06, coverage = 5/16), single-organism behavior (Q-value = 1.6e-05, coverage = 7/93), learning and memory (Q-value = 2.4¢-05, coverage =
6/57) and cognition (Q-value = 6.7e-05, coverage = 6/70).

Figure 4. The molecular pathway proposed to further investigations.
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be deeply changed by the external experience during specific ages, may
be the future horizon of research in this field. A number of genes have
been selected in Table 3 by the implementation of the stress molecular
cascades in Cytoskape. The program helped in defining a large
molecular cascade reported in Figure 4, whose genetic and epigenetic
characterization could be used as an object of investigation in the next
researchers in the field of psychiatric liability in cancer patients.
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