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Background:Mixed evidence in the general population andmedically ill patients has suggested
that homozygous carriers of the short allele (s/s) of the serotonin transporter gene-linked
polymorphic region (5-HTTLPR) may increase the risk of depression in comparison with
carriers of the long allele (l/l) or s/l. Given the lack of data in oncology, we examined the
relationship of depression with the 5-HTTLPR and psychosocial variables among breast cancer
patients.
Methods: A sample of 145 breast cancer patients were studied as regards to depression,
psychosocial-related variables (coping, Type D-personality, life events, and social support), and
the 5-HTTLPR, which was genotyped by using a standard protocol with DNA extracted from the
blood.
Results: No difference was found between s/s, s/l and l/l patients on depression and any other
psychosocial variable. No gene-by environment (G×E) interactions were observed between
the 5-HTTLPR and recent life events.
Conclusions: The study did not provide support of a possible association between 5-HTTLPR
polymorphism, alone or in conjunction with life events, and depression in newly diagnosed
breast cancer. Further follow-up studies are however necessary to confirm these data.

© 2009 Published by Elsevier B.V.
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1. Introduction

Depression is one of the most important psychiatric
complication of cancer, affecting between 10 and 58%
patients (Massie, 2004), persisting long after cancer therapy
and causing remarkable negative consequences (e.g., impair-
ment of quality of life, risk of suicide, increase the level of
pain and, reduction of survival) (Chochinov, 2001). Under-
recognition and under-treatment of depression in cancer
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patients is still a problem and this contrasts with the marked
needs both diseases have for the health system (Reich, 2008).
WHO data (2009) indicate that 30–50 millions of people
around the world live with cancer and that cancer incidence
will increase by 50% by 2030, with around 16 million new
cases in that year. Thus, the exploration of possible risk
factors for depression in cancer patients is a priority.

The role of the polymorphism in the gene encoding the
serotonin transporter (5-HTTLPR) has been examined as a
factor associated with depression and sub-threshold depres-
sion. Individuals with two long genotypes (l/l) were shown to
less likely develop depression after exposure to stressful life
events (SLE) than individuals with one or two short (s) alleles
(s/l and s/s) (Caspi et al., 2003). These data have been replicated
nin transporter (5-HTTLPR) polymorphism in breast cancer
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in other studies (Kendler et al., 2005), including patients with
stroke (Ramasubbu et al., 2006) and myocardial infarction
(Otte et al., 2007). Personality traits, such as affective
temperament/neuroticism, were found to be associated with
the s allele (Gonda et al., 2006). Contrasting results emerged in
other studies not supporting the role of the 5-HTTLPR genotype
and its interaction with SLE on depression in the general
population (Gillespie et al., 2005; Chipman et al., 2007; Power
et al., 2008), patientswith Parkinson disease (Burn et al., 2006),
traumatic brain injury (Chan et al., 2008), and Alzheimer
disease (Micheli et al., 2006).

In spite of the importance of depression in oncology, very
little data are available about the role of 5-HTTLPR polymor-
phism. In a small study of 34 head–neck cancer patients, Gilbert
et al. (2008) showed that the s allele was associated with both
major depression and general depressive diagnoses.

On this background, the aim of the present study was to
explore the relationship between the 5-HTTLPR polymor-
phism and depression, by including psychosocial variables
and the G×E interaction, in breast cancer patients, with the
hypothesis that carrying an l allele may have a protective role
on depression.

2. Patients and methods

The study was carried out at the Department of Clinical
Oncology, University Hospital in Ferrara, Northern Italy. A
convenience sample of breast cancer outpatients were
enrolled in the clinics and day-hospital services of the centre.
Criteria for recruitment were: (i) a diagnosis of cancer of
within 6 months; (ii) a Karnofosky Performance Status scale
N80; (iii) no cognitive impairment; (iv) an age between 18
and 70 years. The study was approved by the ethical
committee of the hospital.

Each patient was administered a short clinical semi-
structured interview and self-report psychometric instru-
ments. Blood samples were also collected.

Since the association between5-HTTLPR anddepression has
been shown to be similar for self-reported and interview-based
measurements (Caspi et al., 2003), the 7-item Depression
subscale of the Hospital Anxiety–Depression Scale (Zigmond
and Snaith, 1983) (HAD-D)was used. Cut-off scores N8b11 and
N11 were recommended in oncology to identify “borderline
cases” and “cases”, respectively (Carroll et al., 1993).

Two main sub-factors of the Mini-Mental Adjustment to
Cancer scale (Mini-MAC) (Watson et al., 1994), namely
Anxious Preoccupation (8 items), and Hopelessness
(8 items), were used to assess maladaptive coping.

The Multidimensional Scale of Perceived Social Support
(MSPSS) (Zimet et al., 1988), a 12-item questionnaire, was
used to investigate social support in the dimensions of Family
(4 items), Friends (4 items), Others (4 items), and Total Support.

The occurrence of SLE over the time since the diagnosis of
cancer was evaluated by means of the Life Events Scale
(Paykel, 1997). Sixty-four possible events covering several
areas (e.g. work, education, finance, health, bereavement,
family and social) are inquired by the scale. For statistical
analysis SLE were considered as a dichotomous variable (i.e.
absence/presence of SLE events = yes/no).

The Type D-Scale (DS) (Denollet, 2005) was used to
measure personality traits, specifically Negative Affectivity
Please cite this article as: Grassi, L., et al., Depression and seroto
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(NA), (the tendency to experience negative emotions across
times and situations) and Social Introversion (SI) (the
tendency to inhibit the expression of emotions and behavior
in social interactions), with recommended cut-off scores of
both NA and SI N10 for Type-D.

3. Genotyping

Genomic DNA was obtained from whole blood cells, using
standard procedures (GenEluteTM blood Genomic DNA
Kit, Sigma). Polymerase chain reaction (PCR) amplification
of 5-HTTLPR was performed using the primers described by
Gelernter et al. (1997), and with the GC-Rich PCR System
(RocheMolecular Biomedicals) in a 50-μL reaction containing
20–100 ng of DNA; 100-μm deoxyribonucleoside triphos-
phate (dNTPs), 20 pmol for each primer, and 1.5 mM MgCl2.
DNA was denatured at 95 °C for 10 min and subjected to 40
cycles of 40 s of denaturation at 94 °C, 45 s of annealing at
56 °C, 40 s of extension at 72 °C, and 10 min of final extension
at 72 °C. The products of PCR amplification were separated on
a 2% agarose gel, and were visualised in ultraviolet light after
ethidium bromide staining.

4. Statistical analysis

All statistical analyseswere carried out using the SPSS 16.0
package. The data were analyzed according to genotype (ss, sl
and ll genotypes; additive model), and phenotype groupings
(subjects carrying and not carrying the s allele; dominant
model). ANOVA, with post hoc LSD tests, Student's t test, chi-
square test, Pearson's r coefficient test and binary logistic
regression were used when appropriate. Statistical signifi-
cance was set at pb0.05.

5. Results

5.1. Socio-demographic, clinical and genotype characteristics of
the sample

Socio-demographic and clinical characteristics of the 145
patients (mean age 55.87±8.98) in the study are presented in
Table 1. The frequencies of the three 5-HTTLPR genotypes were:
ll, 31.3% (n=45); sl, 45.5% (n=66); and ss, 23.4% (n=34),
comparable with previous reported frequencies in similar
samples (Hardy–Weinberg equilibrium: χ2=0.90416; p=ns).

There was no significant difference in age between the three
genotype groups (F=0.67, p=0.93) and the two phenotype
groups (F=0.67; p=0.79). No difference were found with
regard to medical variables, such as stage (genotype: χ2=5.87,
df, 4, p=0.2; phenotype:χ2=4.7, df, 2, p=0.09) and treatment
(genotype: χ2=6.3, df, 4, p=0.1; phenotype: χ2=5.1 df, 2,
p=0.08).

5.2. Association of 5-HTTLPR genotypes (ss, sl and ll groups) and
phenotypes with depression and psychosocial variables

HAD-D scores were comparable among the 3 genotype and
phenotypes groups. The genotype and phenotype distribution
was comparable among depressed (n=16; 11.03%), borderline/
sub-threshold depressed (n=20; 13.8%) and non-depressed
patients (n=109; 75.1%) (genotype: χ2=1.6, df, 4, p=0.89;
nin transporter (5-HTTLPR) polymorphism in breast cancer
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Table 1
Socio-demographic and clinical characteristics of the sample.

Age 55.87±8.98 Stage
Education (years) 9.76±4.34 Local 123 (84.8%)

Loco-regional 22 (15.2%
Marital status Surgery

Married 110 (75.8%) Quadrantectomy 93 (64.1%)
Separated/divorced 15(10.3%) Mastectomy 43 (29.6%)
Never-married 11 (7.6%) Conservative intervention

(lumpectomy and sectoriectomy)
9 (6.2%)

Widow 9 (6.2%)
Job Treatment

Employed 65 (44.8%) No therapy 70 (48.3%)
Housewife 29 (20%) Chemotherapy 33 (22.7%)
Retired 44 (30.3%) Combined therapy (hormone therapy+radiotherapy;

hormone therapy+chemotherapy+radiotherapy)
21 (14.5%)

Unemployed 7 (4.8%) Hormone therapy 21 (14.5%)
No therapy 70 (48.3%)

Psychiatric history
Yes 50 (34.5%)
No 95 (65.5%)

Table 2
Binary logistic regression analyses for predictor variables of 5-HTTLPR
genotype, stressful life events, Type D and social support on depression.

HAD-DN8 ⁎ HAD-DN11 ⁎⁎

β S.E. p β S.E. p

5-HTTLPR 1.07 0.44 0.87 0.8 0.44 0.87
Life events 0.28 1.21 0.01 2.91 1.26 0.01
Type D 0.68 0.44 0.005 1.25 0.44 0.005
Social support 0.45 0.55 0.15 0.79 0.55 0.15

⁎ Patients with mild to high levels of depression HAD-DN8 depression.
⁎⁎ Patients “cases” of depression (HAD-DN11).
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phenotype χ2=0.34, df, 2; p=0.84). No difference emerged
between the3genotype/phenotypes groups onanypsychosocial
variables.1

The distribution of s/s, s/l and l/l carriers were comparable
amongpatientswith andwithout previouspsychiatric episodes
(genotype: χ2=0.84, df, 2, p=0.65; phenotype: χ2=0.27,
df, 1, p=0.61), and those with and without stressful life events
(genotype: χ2=1.72, df, 3, p=0.18; phenotype: χ2=0.96,
df, 2, p=0.62).
5.3. Effects of 5-HTTLPR, stressful event, personality and social
support on depression

Patients not reporting SLE (n=102; 70%) had lower HAD-D
scores (4.66±3.96) than patients reporting 1 event (n=37;
25.85%; HAD score=5±3 5.24) or 2 or more events (n=6;
4.1%; HAD-D score=9.5±4.84) (F=3.49; p=0.03).

Binary logistic regression analysis was conducted with the
dependent variable dichotomized according to the cut-off for
depression (first analysis 0=HAD-D scoreb11 and 1=HAD-D
score≥11; second analysis 0=HAD-D scoreb8 and 1=HAD-D
score≥8). Thepredictor variables for themodelswere 5-HTTLPR
genotype (0=s/s, 1=s/l, 2=l/l), SLE (from 0=no event up to 2
or more events), social support (0=no; 1=yes) and Type-D
1 Complete results are available upon request from the authors.
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personality (0=no; 1=yes). No effect and no interaction of the
5-HTTLPR on depression was found (Table 2). In the univariate
ANOVA,with only SLE and 5-HTTLPR as fixed factors and HAD-D
scores as the dependent variable, there was a significant main
effect of SLE on the HAD-D score (F=4.38, df, 2, p=0.014),
while SLE and 5-HTTLPR genotype did not show a significant
interaction(F=1.59,df, 4,p=0.18). Byusingmultiple regression
analysis with HAD-D score as a dependent variable, of all the
psychosocial variables examined, only Mini-MAC-AP (B=0.24;
SE=0.07, β=0.29, t=3.23, p=0.02), Mini-MAC-H (B=0.27;
SE=0.07; β=0.31; t=3.45; p=0.001), and Type-D-NA
(B=0.15; SE=0.05; β=0.22; t=2.82; p=0.005) entered the
equation explaining 51% of the variance.

6. Discussion

In this studywe investigated the association of the 5-HTTLPR
genetic polymorphism, SLE and a series of psychosocial variables
with depression in breast cancer patients.

No difference was found between “s/s”, “l/l” and “l/s”
allelic variants of 5-HT with respect to depressive symptoms.
Furthermore, 5-HTTLPR genetic polymorphism was not
related to maladaptive styles of coping with cancer, SLE in
the previous year, social support and Type-D personality. We
also were not able to find any G×E interaction on depression.

Our data are in contrast with studies showing a relationship
between depression and the s allele, including the small study
by Gilbert et al. (2008) on head–neck cancer patients. However,
ourfindings are in agreementwith other studies not confirming
an association between 5-HTTLPR genotypes, or the presence of
the s allele, or G×E interaction, and depression. Recently,
Phillips-Bute et al. (2008) found that the 5HTTLPR l/l, and not
the s/s genotype was associated with increased depressive
symptoms one year after coronary artery bypass graft surgery,
and that the presence of the l allele, in combination with
baseline depression,was associatedwith increased incidence of
adverse cardiac events.

There are limitations that should be taken into account in
this study. First, the sample size does not allow generaliz-
ability of our results. Second, since depression was assessed
by the HAD-D, we cannot ascertain that patientswith a formal
nin transporter (5-HTTLPR) polymorphism in breast cancer
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(e.g. DSM-IV) diagnosis of major depression were more
vulnerable to depression if they were carrying an s allele.
Some authors (Caspi et al., 2003; Otte et al., 2007), however,
found that 5-HTTLPR genotype and the G×E interaction was
not exclusively related to major depression, but also to
depressive symptoms as assessed by psychometric instru-
ments, as we did. A third limitation is that the evaluation of
stressors regarded only the previous year and this might be
too short to result in significant G×E interactions. Caspi et al.
(2003) and Wilhelm et al. (2006), suggested in fact that G×E
interaction might be conditional on the duration of exposure
to the stressors prior to the onset of depression. However,
other data indicated that s/s homozygous subjects may
require minimal exposure to SLE to acquire a level of risk
for depression found among l/s or l/l subjects after higher
exposure to SLE (Cervilla et al., 2007; Verhagen et al., 2009).
Moreover, Taylor et al. (2006) showed that s/s individuals
had greater levels of depression if they had experienced early
or recent adversity, but significantly lower levels if they
reported a supportive early environment or recent positive
experiences. Fourth, the patients were recruited after a short
period of time from the diagnosis of cancer and this might
have biased the analysis of the data. Prospective studies are
necessary for a more comprehensive understanding of the
role of genetic factors in patients facing the major stressful
event of cancer. We also did not study other possible genetic
factors, such as functional variants in the 5-HT transporter
gene that may influence the interaction between the 5-
HTTLPR polymorphism and depression (Lazary et al., 2008).
Furthermore, all participants were women and the triallelic
system of 5-HTTLPR was not used, suggesting caution should
be taken in interpreting the results.

In conclusion, our study failed to find that variation in the s/l
allele in the 5-HTTLPR was associated with depression among
breast cancer patients. Alsowe did not find any significant G×E
interaction on depression. Further research taking into account
the possible relationship between the 5-HTTLPR and other
biologicalmechanismshypothesized to be related to depression
in cancer patients, such as cytokineproduction and theHPAaxis
functioning (Jehn et al., 2006; Soygur et al., 2007), is needed for
a more comprehensive understanding of this complex area.
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