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Abstract

In the last decade, it has been increasingly recognized that antidepressant drugs may exert a range of effects, in addition to their
well-documented ability to modulate neurotransmission. Although as a group they act on monoaminergic systems and receptors
in different ways, a number of studies have demonstrated that at least some antidepressants might have other properties in
common, including immunomodulatory, cyto/neuroprotective, analgesic and anti-inflammatory activities. These properties are
partly related to the influence of antidepressants on glial cell function.

Recently, emerging information about the possible anticancer properties of antidepressants has sparked increased interest within
scientific community, and there is now evidence that these drugs affect the key cellular mechanisms of carcinogenesis. This
review examines the putative cellular targets for the anticancer action of antidepressant drugs, and presents examples of the
interaction between antidepressants and anticancer drugs. By reviewing the current state of research in this area, we hope to
focus the attention of oncologists and researchers engaged in the study of cancer on the role that antidepressant drugs could play

in the complementary therapy of cancer.
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Introduction

Nowadays, various antidepressants are used in clinical
practice. According to their influence on the monoaminergic
systems they are divided into several groups: tricyclic anti-
depressants (TCAs), selective serotonin reuptake inhibitors
(SSRIs), serotonin norepinephrine reuptake inhibitors,
monoamine oxidase inhibitors, serotonin and norepineph-
rine disinhibitors, serotonin antagonists/reuptake inhibi-
tors, norepinephrine and dopamine reuptake inhibitors
and selective norepinenephrine reuptake inhibitors.
Besides major depression, antidepressant drugs are applied
in the therapy of such disorders as dysthymia, schizoaffec-
tive disorders, anxiety disorders, panic disorders, social
phobia, anorexia, bulimia, post-traumatic stress disorders,
migraine, chronic pain syndromes, neurophatic pain, spinal
cord injury and neurodegenerative disorders with
neuroinflammation.'

Antidepressants also have an important position in the
therapy of cancer patients because half suffer from major
depression or depressed mood.?

In the last 20-25 years, the number of oncological patients
treated with antidepressants has remarkably increased.
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Since antidepressants were used concurrently with cyto-
statics, some observations suggested that antidepressants
influenced the effectiveness of anticancer therapy.

At the same time, first reports about putative anticancer
properties of antidepressant drugs began to appear in world
literature.? Interest in the, at that time, novel properties of
antidepressant drugs stimulated further studies; however,
these brought unequivocal and sometimes contradictory
results, depending on the experimental model and anti-
depressant drug used.*

Knowledge about adjuvant drugs, including antidepres-
sants used in anticancer treatment is invaluable, since sub-
stances that would enhance the effect of chemotherapeutics
in case of weak response or resistance to chemotherapy are
constantly searched for, especially in aggressive cancer
phenotypes.

The role of antidepressant drugs in anticancer therapy is
still controversial and needs further studies, because the
outcome of their combined treatment is uncertain. It could
happen that co-administration of a certain anticancer drug
with an antidepressant may either enhance or weaken the
chemotherapeutic effect.
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Anticancer properties of antidepressant drugs

Experimental data suggest that antidepressants, in particu-
lar TCAs and SSRIs, show anticancer properties in different
tumour cell lines. Table 1 summarizes the most important
findings in this area.

Putative strategic targets of anticancer activity
of antidepressant drugs

Programmed cell death. Experimental and epidemio-
logical studies have indicated that cancer progression is a
result of deregulation of proliferation and cell death.” Cell
death, which may occur by apoptosis, is the effect of failure
of cytoprotective mechanisms against intra/extracellular
stressors® (Figure 1).

Apoptosis. It has been suggested that an increasing
number of cancer cells in the organism during carcinogen-
esis is correlated with a decrease in the number of apoptotic
cells and with an increase in cell proliferation.” It is known
that cancer cells are characterized by resistance to cell death
mediators.® The most important reasons why cancer cells
can avoid apoptosis include:

1. In the intrinsic pathway: inactivation of apoptotic pro-
tease activating factor;

2. In the extrinsic pathway: decreased expression of death
receptors responsible for mediation of tumour necro-
sis factor activity: (TNFR1), TRAILR1/R2, FAS,
decreased content of caspase 8, high level of FLICE
inhibitory protein;

3. In both pathways: high content of the inhibitor of apop-
tosis protein family. Moreover, cancer cells demon-
strate a higher content of antiapoptotic proteins: Bcl-
2, Bcl-XL, Mcl-1, an increased permeability of the
outer mitochondrial membrane and an ability to inhi-
bit caspase activity.”

Experimental studies have indicated that some anti-
depressants can induce apoptosis via different pathways.
In C6 cells, desipramine (TCAs) elicited apoptosis via the
endoplasmic reticulum stress-dependent pathway (C/EBP
homologous protein [CHOP]) manifested by chromatin
condensation and nuclear shrinkage. Increased expression
of the endoplasmic reticulum stress regulator CHOP/
GADD153 and its target molecule GADD34 was also
noted. Furthermore, an enhanced activity of apoptosis
executors, such as caspase 3 and 9 with no alteration of
caspase 8 activity was observed. These findings indicate a
dominant role of the intrinsic apoptotic pathway in the
anticancer properties of desipramine.’® In another experi-
mental model, MG63 human osteosarcoma cells, desipra-
mine induced [Ca (2+)] independent apoptosis by
increasing caspase 3 activation associated with p38 mito-
gen-activated protein kinase (MAPK).'? Similar observa-
tions were made in the study on PC3 human prostate
cancer. Desipramine induced apoptosis through its ability
to increase the cytosolic (Ca2+) level and activation of c-Jun
NH? terminal kinase phosphorylation without any effect
on extracellular signal-regulated kinase (ERK) and p38

MAPK. Arimochi and Morita' also found that desipramine
induced apoptotic cell death through non-mitochondrial
and mitochondrial pathways in different types of human
colon carcinoma cells. In human colon adenocarcinoma
grade I HT29 cells, apoptosis was not connected with cyto-
chrome c leakage from mitochondria or the disruption of
mitochondrial membrane potential. On the other hand,
desipramine significantly increased caspase 8 activity with-
out any effect on caspase 9 in HT29 cells and caused non-
oxidative apoptotic damage of colon carcinoma HCT116,
which may suggest the initiation of a novel mitochondrial
apoptotic pathway.

Imipramine, another TCA, also possesses apoptotic
properties. This drug induced apoptosis in U-937 cells as
the result of an increase in caspase 2 and 3 activity, and
caused disruption of cell lysosomes due to accumulation
of phospholipids.'* The SSRI fluoxetine demonstrated an
apoptotic action in the study on rat glioma cell lines,
human neuroblastoma cell lines, Burkitt lymphoma cells
and an ovarian carcinoma cell line OVCAR-3.">'¢ This
drug increased permeability of the mitochondrial mem-
brane, leading to cytochrome c release and enhanced
activity of caspase 3 through the reactive oxygen species
(ROS)-dependent activation of nuclear factor (NF)-xB.
Moreover, fluoxetine increased mitochondrial Bax protein
level and decreased cytosolic Bid and Bcl-2, while up-reg-
ulating p 53 protein concentration.

Sertraline (an SSRI) was found to have a proapoptotic
action in A375 human melanoma, a common malignant
tumour poorly responsive to chemotherapy and radiation.
Sertraline decreased expression of AKT, a protein protective
against cell apoptosis. These results suggest that sertraline
acts as an AKT inhibitor in melanoma cells, leading to
cancer cell death."”

Autophagy. Among three forms of cell death: apoptosis,
autophagy and necrosis, only autophagy can play either
pro-survival or pro-death role acting as a guardian or an
executioner, as pro-survival process autophagy plays a cru-
cial role in cell homeostasis during periods of starvation or
stress caused by carcinogenesis.'® Nowadays, it is also sug-
gested that this process may contribute to the suppression
of tumour function by limiting chromosomal instability,
preventing the accumulation of oncogenic mutations,
restricting oxidative stress and reducing local inflamma-
tion. At a morphological level, autophagy is associated
with the formation of large cytoplasmic autophagosomes,
which distinguish autophagy from apoptosis - I type of
PCD. Autophagic cell death is induced by excess autopha-
gosome formation or/and cross-talk between autophagy
and cell death (apoptosis or necrosis) signals.® The results
of the recent studies suggest that the role of autophagy in
oncogenesis depends on the stage of cancer progression. In
early stages, autophagy plays a protective role but later it
acts as a tumour suppressor by acting pro-autophagic genes
and blocking anti-autophagic genes."’

Since it has been found that some forms of cell death may
be modulated pharmacologically a new anticancer therapy
is still looking for.?’ Some antidepressants are among drugs
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Putative cellular points of anticancer activity of antidepressants. Anticancer activity of antidepressant drugs is probably connected with inhibition and/or

promotion of several uncontrolled cancer processes like: energy metabolism, cell cycle, vascularyzation, histone deacetylation, apoptosis, autophagy and oxidation

processes. (A color version of this figure is available in the online journal)

with proautophagic properties. Cloonam and Williams®'
have shown that two antidepressants, maprotyline and flu-
oxetine overcome the, “apoptotic block” and induced autop-
hagy in DG-75 cells of chemoresistant Burkitt's lymphoma
cell line. The maximal effect, namely 50-60% cells, was
observed after 72-h of exposure to the antidepressant.
This effect was not accompanied by alterations in caspase
activity, DNA fragmentation or poly-ADP ribose polymer-
ase cleavage. The authors suggest that maprotyline and flu-
oxetine may be used as new proautophagic agents either
alone or in combination with other drugs in the treatment of
resistant forms of Burkitt's lymphoma.

The relationship between autophagy and cancer is still
not clear. In opposite to Cloonam and Williams” study,* in
other experimental models, autophagy might even show an
opposite protumour activity.** At present is not yet under-
stood what factors determine whether autophagy is a cyto-
protective or cytotoxic process, and therefore further
studies are required.” Investigation of this issue may be
important for success of cancer therapy case of cancers
with an aggressive phenotype which have lost their access-
ible apoptotic pathways and are resistant to the standard
therapy.”!

Mitochondria. Mitochondria play a pivotal role in energy
metabolism, redox homeostasis, regulation of proliferation,
apoptosis and intracellular signal transduction.”**
Recently, it has also been suggested that mitochondrial dys-
function is involved in the pathophysiology of neurodegen-
erative, psychiatric and oncological diseases.”” In cancer
cells, mitochondrial dysfunction may appear at different
levels, and may comprise such processes as: mitochondrial

DNA mutations, oncogenic stress, loss of p53 tumour sup-
pressor activity and aberrant expression of metabolic
enzymes.”® A recent study that focused on mitochondria
as a target for cancer therapy pointed out that antidepres-
sants may act as mitocans and alleviate mitochondrial dys-
function in cancer cells.”

Energy metabolism. Recent experimental studies have
indicated metabolic chaos in the cells of brain tumours, such
as glioma. Cancer (transformed) cells typically display dra-
matic bioenergetic remodelling caused by their lack of meta-
bolic flexibility, an increased efficiency of aerobic glycolytic
machinery and a reduction in oxidative phosphorylation.
These alterations are due to a disturbed function of mito-
chondrial enzymatic systems.”**° Antidepressants are able
to affect mitochondprial bioenergetic processes in cancer cells,
and this may constitute a new strategic target for cancer
therapy.

Some studies have shown that chlorimipramine and
desipramine elicit negative influence on bioenergetic mito-
chondrial function by reducing the level of adenosine tri-
phosphate (ATP) by about 50% in cancer cells in
comparison to controls '3

Interesting observations were made in a study on hyperi-
cin, a weak inhibitor of monoamine oxidase A and B
(MAO-A, MAO-B) isolated from the medicinal herb
Hypericum perforatum. Hypericin is a photosensitizer and
inhibits mitochondrial succinoxidase, cell proliferation
and mitochondrial function. As a result, it may be used as
a safe photodynamic antitumour agent.>* Experiments
demonstrated that hypericin decreased the intracellular
ATP level by about 60% in the human glioblastoma cell
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line SNB-19, compared to control, and decreased the photo-
generated pH by about 0.5 units. In mouse mammary car-
cinoma cells EMT6, hypericin also presented similar
features, reducing the total cellular ATP level by approxi-
mately 50% and acting to inhibit respiration.*

Respiratory chain. Some experimental data suggest
that antidepressants influence oxygen consumption in
cancer cells, thereby causing a decrease in membrane poten-
tial concomitant with an increase in superoxide and hydro-
gen peroxide production. These factors are responsible for
DNA damage.”?

In in vitro experiments, clomipramine, desipramine, nor-
fluoxetine and tianeptine decreased the activity of respira-
tory complex I by about 50% of the control activity. The
effect of these drugs on the activity of respiratory complex
II/III was more selective. Clomipramine, desipramine and
norfluoxetine decreased its activity by more than 70%,
while clomipramine reduced activity of the mitochondrial
complex IV (responsible for transferring electrons to
molecular oxygen atoms) by more than 99%.***® In the
IPSB-18 cancer cells (anaplastic astrocytoma cell line), clo-
mipramine, norclomipramine and amitriptyline were also
shown to inhibit cellular respiration in glioma cells.
Moreover, it was reported that combined therapy of clomi-
pramine and dexamethasone produced a synergistic effect
manifested by an increase in cell death. Such an effect seems
to be promising for glioma treatment.>® Similar effects on
the respiratory chain in the C6 glioma line were induced by
chlorimipramine. Chlorimipramine decreased O, con-
sumption in glioma cells by about 95% within 5 min when
compared to the control cell culture.*® Desipramine, ami-
triptyline, imipramine, citalopram, venlafaxine, mirtaza-
pine and moclobemide diminished the activities of
mitochondrial enzymes (enzymes of the electron transport
chain complexes I, II, IV) in an isolated fraction from pig
brain. In addition, some results have shown that anti-
depressants may act as inhibitors of complex I and IV in
the electron transport chain. This also supports the sugges-
tion that mitochondria may be a candidate for a new bio-
marker of cancer and a cellular metabolic target for
antidepressants in cancer treatment.””

Cell cycle. The p53 protein, a tumour suppressor called
‘the guardian of the genome’ plays an important role in
cell cycle regulation. It is a factor that can induce growth
arrest and apoptotic cell death in response to a number of
cellular stressors. The level of p53 is low in normal cells, but
it is activated in response to DNA damage or hypoxia.’® On
the other hand, the inactivation of p53 gene as a result of
methylation of a CpG dinucleotide is the main event in the
mechanism of carcinogenesis.®>” In cancer cells, p53 may
play an important role as a factor that induces apoptosis
and also sensitizes the cells to ionizing radiation and cyto-
statics.?® Susceptibility of cancer cells to a drug depends on
the cell cycle phase and mutations of the p53 gene.*
Nowadays, experimental studies demonstrate that anti-
depressant drugs may destroy cancer cells through their
influence on the cell cycle. Fluoxetine was found to arrest

Antidepressant drugs as a complementary therapeutic strategy in cancer

cells at the GO/G1 phase and as a result, sensitized cells of
human cervical cancer (SiH) and breast cancer (MDA
MB231) to the cytotoxic effect of cyclophosphamide - one
of the most popular cytostatic drugs. Cell cycle inhibition
by fluoxetine reached about 75.1-94.4% in MDA MB 231
cells and 69-93.5% in SiHa cells after 12- or 24-h incubation.
It was shown that this drug arrested cell cycle by cyclin E
accumulation, cyclin A downregulation and fluctuations in
P27, p21 and CKS 1 - complex factors involved in the G1/S
transition.?’ In the A549 and HT?29 cell lines, fluoxetine also
inhibited progression of cell cycle. The slowing down cell
cycle progression was due to a decrease in c-fos, c-jun,
cyclin A, cyclin D expression and increased p21 and p53
expression.” Another antidepressant, desipramine inhib-
ited cell cycle progression in Ca3/7 mouse skin squamous
cell carcinoma. Moreover, desipramine decreased the levels
of Bcl-2 and survivin, a protein known as the “baculoviral
inhibitor of apoptosis’. The results of the above mentioned
studies clearly demonstrate that the inhibition of cell cycle
in cancer cells seems to be a promising way to arrest cancer
development.

Antioxidant activity. All cells are continuously exposed to
free radicals and oxidative stress which is caused by an
imbalance between production of pro-oxidants and antioxi-
dants.***! ROS generated in mitochondria are the second
messengers in signalling pathways and are involved in cel-
lular pathological events.*>*> Disruption of redox homeo-
stasis activates many transcription factors including NF-xB,
AP-1, p53, hypoxia-inducible factor 1 (HIF-1), peroxisome
proliferator-activated receptor -y and B-catenin/Wnt. The
activation of these transcription factors can lead to the
expression of over 500 genes connected with such processes
as apoptosis, cell cycle arrest, proliferation, chemoresis-
tance, radioresistance, angiogenesis and transformation of
normal cells to tumour cells in breast, cervical, gastric, liver
and lung cancer and melanoma.** It is also suggested that
oxidative stress contributes to the three stages of carcino-
genic process: initiation, promotion and progression.43
Kirkova et al.*> examined whether fluoxetine is able to
modify the changes induced by melanoma in the endogen-
ous antioxidant defense system. Experiments showed that
14-day administration of fluoxetine to healthy CB7BL/6
mice did not affect spleen antioxidant status. This anti-
depressant did not change the level of total glutathione or
the activities of endogenous antioxidant enzymes in the
spleen: glutathione peroxidase and superoxide dismutase.
Moreover, this experiment showed that a 14-day anti-
depressant pretreatment prevented development of inocu-
lated B16F10 melanoma cells. This effect suggests that
fluoxetine possesses anti-melanogenic potential via its anti-
oxidant activities and that it prevents melanoma-induced
oxidative changes in the mouse spleen. It has also been sug-
gested that drugs with antioxidant properties may inhibit
skin carcinogenesis and selectively induce apoptosis in
cancer cells.*’ These findings are the basis for the concept
of a unique therapy called ‘oxidation therapy’ of solid
tumours, which focuses on the generation of cytotoxic ROS.
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Vascularization. In1974 Dr Rakesh K Jain'? used an experi-
mental cancer model to investigate how much of an injected
drug reached a tumour connected to the circulatory system
through one vein and one artery. He found that the majority
of the drug did not access the tumour, but that which did
was distributed unequally and that in some spaces there
was no drug whatsoever. Tumours were found to be able
to stimulate the growth of new vessels to create a tangled
knot, in which the vessels were randomly connected and
had an abnormal structure, and their function was dis-
rupted. In addition, the blood flow in some vessels was
weak but in others it was rapid or periodically reversed;
some sections of tumour were leaky but some were impene-
trable. Moreover, pores in the vessel walls were 100 times
bigger than normal. Due to these factors, the endogenous
tumour environment was characterized by ischaemia and
high acidity, and cancer cells became more aggressive
under anaerobic conditions. These experiments showed
that the complicated structure of tumours hindered the
effective administration of anticancer drugs. Observations
accumulated over many years revealed that normalization
of this chaotic vessel microenvironment was an effective
means of cancer treatment.

Experiments such as the one mentioned above showed
that angiogenesis plays a pivotal role in tumour growth,
invasion and metastasis.** A key factor in neo-angiogen-
esis is the vascular endothelial growth factor (VEGEF), the
receptors of which are often overexpressed in many can-
cers, especially in brain tumours associated with areas of
high angiogenesis and vascular density.”” Experimental
studies demonstrate that some substances with anti-
depressant properties also have antiangiogenic/angiopre-
ventive activities. Hyperforin, which inhibits VEGF
production, is one of such chemicals. It is an active sub-
stance of St John's wort, a medicinal plant used for the
treatment of mild depression. It was suggested that
hyperforin might influence inhibition of the inflammatory
process associated with angiogenesis and might modify
immune cell stimulation.*®*’

Some classes of antidepressants increase VEGF expres-
sion in the hippocampus and enhance VEGF signalling
mediated by the Flk-1 receptor, which underlies neurogenic
and neuroprotective effects in the CNS.°® On the other
hand, it has also been noted that due to proangiogenic prop-
erties, antidepressants can induce carcinogenesis. Taking
into consideration these results it is difficult to say whether
antidepressant drugs actually inhibit or promote carcino-
genesis. An interesting opinion was proposed by Kubera
et al.>* who studied the influence of desipramine or fluox-
etine pretreatment on metastasis of BI6F10 melanoma in
young and old C57BL/6 mice. They found that inoculation
of tumour cells in young animals caused a faster tumour
growth and a higher mortality than in the older mouse
group. Kubera et al.”" also showed that “antidepressant pre-
treatment inhibited primary tumour growth in young ani-
mals but increased primary tumour growth in aged animals
in comparison to age-matched controls’.

Recent studies also emphasized the role of ROS in the
increased production of angiogenic factors, like IL-8, VEGEF,

matrix metalloproteinase and inducible nitric oxide syn-
thase. Their signalling is an implication of inflammatory
processes in angiogenesis. The role of quiescent stem cells
via HIF/VEGF pathways is another interesting problem
associated with the promotion of tumourogenesis.”

Immunomodulation and inflammation. In the 19th cen-
tury, Rudolf Virchow noted that inflammatory cells were
present within tumours and that tumour cells developed
at sites of chronic inflammation. In recent years, three
related aspects, namely oxidative stress, immunomodula-
tion and inflammation have been the subject of epidemio-
logical and experimental studies in relation to cancer. At
present, inflammation is regarded as ‘a secret killer’ and
‘a double-edged sword” of the immune system. It is
known that chronic inflammation may predispose an indi-
vidual to various chronic illnesses including cancer and that
it may induce malignancy of precancerous conditions.”®>°
Moreover, inflammatory cells produce soluble mediators,
such as metabolites of arachidonic acid, cytokines and che-
mokines, which may activate Carcinogenesis.56’57

Experimental data suggest that cancer cells are able to
‘deceive’ the immune system because oncogenic changes
induce a chronic inflammatory microenvironment within
and around tumours.?® It is also known that leukocytes,
cytotoxic T lymphocytes and natural killer (NK) cells play
an important role in constraining tumour development.”*
As a result, these immune cells are thought to combat
cancer. Yet the fact that malignant tumours are often diag-
nosed in patients with autoimmune disorders caused by B
lymphocyte hyperactivity indicates an interesting and more
complex relationship between the immune system and
cancer.”**®

An elevated NF-xB activity in tumours has been shown
in some studies. This basic transcription factor regulates
more than 150 effector genes and is associated with resist-
ance to chemotherapy and radiation.”® Ben-Neriah and
Karin®® demonstrated that TNF blockade influenced inacti-
vation of cancer cells, while NF-kB triggered programmed
cell death in cancer cells in Mdr2 knockout mice suffering
from chronic hepatitis which had transformed into liver
cancer. It should be emphasized that only one study pre-
sents the directly inhibitory effect of antidepressant drug on
NF-kB activation in tumour cells. Namely, fluoxetine
induced such effect in colon cancer which was associated
with the significant attenuation of colon cancer develop-
ment and tumourogenesis in mice.*’

Usage of antidepressant drugs with cytostatics in com-
bined therapy of cancer diseases may be accounted for their
immunomodulatory properties in the periphery and central
nervous system.”*> An influence of antidepressants on the
immune system activity is complex and involves several
direct as well as indirect effects among those the most
important are as follows:

1. Antidepressant are able to modulate activity of
immunocompetent cells directly via acting on the
receptors of the neurotransmitters such as serotonin,
dopamine and norepinephrine.®! Direct effects of
antidepressant drugs on immune cells (NK cells,
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macrophages, splenocytes, lymphocytes T and B)
indicate also in in vitro studies.>® It has been shown
that antidepressants are able to suppress production
of the pro-inflammatory cytokines (IFN-y, TNF-o, IL-
1) and to increase the production of the anti-inflam-
matory cytokine IL-10 by peripheral immunocompe-
tent cells.®>?*?% In turn, cytokines are known as the
essential mediators in communication between the
endocrine, immune and central nervous system.
Cytokines regulate immune response mainly by
their influence on immune cells in the periphery
and by the activation of the hypothalamic-pituitary-
adrenal (HPA) axis.”®*?

2. Besides the effects mediated by cytokines and ner-
vous system, the indirect influence of antidepressants
on immune system activity is due to normalization of
HPA hyperactivity which is a marker of glucocortic-
oid (GC) resistance. Ineffective action of GCs on target
tissues could lead to immune activation.
Antidepressants restore the negative feedback inhib-
ition of the HPA axis by increasing GC and mineralo-
corticoid receptor expression and function which is
important for their antidepressive effect63 but also
may have significance for their anticancer properties.

Recent studies suggest that an individual stress response
partially mediated by hyperactivity of HPA axis can influ-
ence tumour biology. The promoting role of GCs for devel-
opment of epithelial cancer is discussed. High expression of
GR and increased GC-mediated gene expression were
observed in oestrogen-independent breast cancer character-
ized by more rapid progression. Moreover, the results of the
studies in animal models of human breast cancer suggest
that GCs inhibit tumour cell apoptosis. It is thought that
antiapoptotic mechanisms in tumour cells may be deter-
minants of resistance to synthetic GC therapy although
the high concentration of endogenous GCs is also likely to
initiate an increased GR-mediated antiapoptotic signals in
malignant epithelial cells.** The above-mentioned data
indicate that understanding the role of GC signalling in
human cancer biology and an influence of antidepressant
drugs on this pathway seem to be important and need fur-
ther investigation in order to better recognize the controver-
sial influence of antidepressants on ‘immunological portrait
of cancer’.

Histone deacetylase (HDAC). Experimental data indicate
that HDAC inhibitors are a promising new important class
of anticancer chemotherapeutics.”* These compounds are
able to arrest the cell cycle, induce both apoptosis and
autophagy in in vivo and in vitro experimental models, pro-
mote chromatin remodelling and kill transformed cells.
Moreover, they can radiosensitize human tumour cells,
acting like adjuvants in radiotherapy.®® The HDAC inhibi-
tors can also induce the expression of fewer than 10% of
genes, some of which are involved in the inhibition of
tumour growth.®®

In in vitro and in silico studies, amitriptyline (TCA)
exerted a potential anti-myeloma effect by inhibiting
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HDAC activity. Studies by Mao et al.*” have shown that
amitriptyline downregulates HDACS3, -6, -7, -8 activities
and forms strong van der Waals interactions with five resi-
dues of HDAC 7 (Phel62, His192, Phe221, Leu293, His326).
The inhibition of HDAC leads to hyperacetylation of the
transcription factor NF-kB,®® which prevents NF-kB/p65
binding to the cyclin D promoter. Furthermore, it was
shown that amitriptyline inhibited cyclin D2 transactiva-
tion. A disturbed activity of cyclin D2 detected in 50% of
patients with multiple myeloma is associated with poor
prognosis in this cancer.®*”® Thus, the potential of amitrip-
tyline to restore the capability of multiple myeloma cells to
undergo programmed cell death through HDAC inhibition
seems to be partly responsible for its promising effect in this
group of patients.””°

Promotion of carcinogenesis by antidepressant drugs

Some rodent in vivo models have shown a stimulatory
effect of antidepressant drugs on carcinogenesis has been
demonstrated. In rats, clomipramine promoted mammary
tumour growth. Brandes et al”' also found that in rats,
fluoxetine and amitriptyline promoted growth of fibrosar-
comas, melanomas and mammary tumours; however,
there were no differences in survival among antidepres-
sant- and saline-treated groups. A similar effect in rats
treated with fluoxetine or amitriptyline was observed in
7,12-dimethylbenz(a)anthracene-induced cancer. In com-
parison to the control group, the frequency of mammary
tumours in the antidepressant-treated rats increased up to
2.5 times. In one in vitro study, fluoxetine and amitriptyline
stimulated DNA synthesis in fibrosarcoma cells. Both
drugs increased thymidine incorporation into DNA by
30-40% over baseline values, which support the hypoth-
esis that some antidepressants may promote tumour
growth.

Promotion of carcinogenesis by antidepressants was also
demonstrated in clinical studies where it was observed that
the use of paroxetine (SSRI) might be associated with a sub-
stantially increased risk of breast and ovarian cancer.®>®
Other authors suggested that the use of TCAs for 2-5
years in the past might be associated with a small dose-
dependent increase in the risk of prostate cancer and liver
cancer’> and might have a possible promoting effect on
Hodgkin’s lymphoma.” Interesting results were obtained
by Brandes et al.”' who reported that clomipramine, ami-
triptyline, imipramine (TCA) and trazodone might play a
role in the development of mammary neoplasms in
humans, through stimulation of prolactin secretion. This
effect probably explains the unexpected properties of the
aforementioned antidepressants because it has been estab-
lished that prolactin promotes induction and growth of
mammary tumours in rats and mice and that moreover,
high levels of prolactin are associated with a two-fold
increase in the risk of breast cancer.®’ Brandes et al.”" also
reported that TCAs and fluoxetine (SSRI) were structurally
similar to a prototype of the antioestrogen binding site and
an intracellular histamine receptor ligand that is known to
be a tumour growth stimulator.
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Interaction of antidepressants with anticancer drugs

Some interesting findings indicating that particular anti-
depressants may influence anticancer drug metabolism
should attract the attention of oncologists. It was found
that some SSRIs might be able to interact with anticancer
drugs through the inhibition of one or more cytochrome
P450 isoenzymes (CYPs).”>”® Among the antidepressants
there are strong inhibitors of CYP2D6, an isoenzyme of
cytochrome P450, such as fluoxetine, paroxetine and a
weak inhibitor venlafaxine.”® Kelly et al.”’reported progres-
sion of breast cancer in women who were treated with anti-
depressants, in particular paroxetine concomitantly with
tamoxifen whereas in patients treated with the other anti-
depressants that are not such strong inhibitors, such as ser-
traline, fluvoxamine and particularly venlafaxine this effect
was not observed.

On the other hand, support and enhancement of antic-
ancer drug action by some antidepressant drugs were also
noted. Peer and Margalit’”® demonstrated that fluoxetine
(Prozac) was a highly effective chemosensitizer. In in vitro
studies, they showed that fluoxetine enhanced the cytotox-
icity of anticancer drugs, such as doxorubicin, mitomycin C,
vinblastine and paclitaxel by 10- to 100-fold in drug-resis-
tant (but not drug-sensitive) cells. Moreover, fluoxetine
increased drug accumulation in multidrug resistant cells
and inhibited drug efflux from those cells. In an experimen-
tal in vivo model, fluoxetine enhanced doxorubicin accumu-
lation within tumours (12-fold).

It is important to note that any clinician wishing to use
antidepressants in cancer treatment should take into con-
sideration other factors, such as the patient’s age, meno-
pausal period, phase of cancer, cardiovascular diseases,
surgical treatment (in women with mammary tumours),
genetic background, rate of metabolism, smoking and alco-
holism which may influence the rate of cancer progression.
TCAs act as potassium channel blockers and may, therefore,
enhance cardiovascular disturbances and mortality, leading
to a false conclusion about their procarcinogenic action.””

Summary and conclusion

Though the anticancer properties of antidepressant drugs
have been demonstrated in many studies, the influence of
these drugs on cancer and immunity is still controversial.
This widespread opinion is probably large due to an insuf-
ficient knowledge about the underestimated adjuvant role
of antidepressants in anticancer therapy and the fact that a
small number of reports have suggested that antidepres-
sants may promote cancer. It seems that these conflicting
results may be due to different experimental models used in
the studies and failures in the interpretation of some
results.* As a result of the emergence of conflicting results,
where in one experimental model antidepressants appeared
to promote tumour growth and in another they seemed to
reveal anticancer properties, researchers all over the world
began to carry out epidemiological studies to elucidate this
issue. A study conducted between 2003 and 2006 in Canada
demonstrated that prolonged SSRI use did not have a latent
effect on breast cancer risk and that there was no evidence
for an increased risk of breast cancer caused by the use of

SSRIs.?° Furthermore, other studies showed that anti-
depressants might afford protection against lung, colon
and prostate cancer.””?®

On the basis of the presented results, it seems that anti-
depressant drugs may occupy an important position in
anticancer treatment as an adjuvant therapy (Figure 1).
In vivo experimental studies, which have greater signifi-
cance for the evaluation of potential drug efficacy in
human therapy have yielded some interesting results.
They have shown that some antidepressant drugs:

1. significantly decrease the incidence of pituitary aden-
omas in rats and fibroadenomas in female rats
(fluoxetine);

2. have an antineoplastic effect in colonic tumours in
mice and rats (fluoxetine, citalopram)*” and in
murine tumour models (clomipramine), and reduce
tumour size of actinomycin D-resistant solid tumours
in mice,'81

3. enhance the cytotoxicity of antitumour drugs in drug-
resistant tumours (clomipramine);**%

4. have an antioxidant action and inhibit skin carcino-
genesis in mice (fluoxetine);*

5. inhibit growth of prostate cancer in mice through anti-
proliferative action (clorgiline).®*

In summary, since antidepressant drugs are prescribed
in cancer patients because of depression, chronic cancer
pain, anxiety, insomnia, hot flashes and appetite disturb-
ances, the influence of antidepressant drugs on cancer
and their interaction with anticancer drugs should not be
ignored. Knowledge about the adjuvant role of antidepres-
sant drugs and their action as chemosensitizers is necessary
for oncologists who want to use these drugs in therapy of
cancer.

Authors contribution

PhD AB (first author) prepared manuscript and she was an
originator of this work. Prof. EO checked this text and made
corrections.

ACKNOWLEDGEMENT

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

REFERENCES

1. Eckert A. Clinically relevant drug interactions with new generation
antidepressants and antipsychotics. Ther Umsch 2009;485-92

2. Sternbach H. Are antidepressants carcinogenic? A review of preclinical
and clinical studies. | Clin Psychiatry 2003;1153-62

3. Shuster JL, Stern TA. Pros and cons of fluoxetine for the depressed cancer
patient. Oncology 1992;45-56

4. Steingart AB, Cotterchio M. Do antidepressants cause, promote, or
inhibit cancers? | Clin Epidemiol 1995;1407-12

5. Ashkenazi A, Herbst RS. To kill a tumor cell: the potential of proapop-
totic receptor agonists. | Clin Invest 2008;118:1979-90

6. Rikiishi H. Apoptotic cellular events for selenium compounds involved
in cancer prevention. | Bioenerg Biomembr 2007;39:91-8

7. Cree IA. Cancer biology. Methods Mol Biol 2011;731:1-11



Bielecka and Obuchowicz Antidepressant drugs as a complementary therapeutic strategy in cancer

8. Valero JG, Sancey L, Kucharczak J, Guillemin Y, Gimenez D, Prudent J, 32. Seyfried TN, Kiebish MA, Marsh J, Shelton LM, Huysentruyt LC,

Gillet G, Salgado J, Coll JL, Aouacheria A. Bax-derived membrane-
active peptides act as potent and direct inducers of apoptosis in cancer
cells. J Cell Sci 2011;15:556-64

33.

Mukherjee P. Metabolic management of brain cancer. Biochem Biophys
Acta 2011,6:577-94
Higgins SC, Pilkington GJ. The in vitro effects of tricyclic drugs and

9. Cichorek M, Koz/owska K, Wachulska M, Zielifiska K. Spontaneous dexamethasone on cellular respiration of malignant glioma. Anticancer
apoptosis of melanotic and amelanotic melanoma cells in different Res 2010;30:391-7
phases of cell cycle: relation to tumor growth. Folia Histochem Cytobiol 34. Diwu Z. Novel therapeutic and diagnostic applications of hypocrellins
2006,44:31-6 and hypericins. Photochem Photobiol 1995;61:529-39

10. Ma ], Qiu Y, Yang L, Peng L, Xia Z, Hou LN, Fang C, Qi H, Chen HZ. 35. Daley E, Wilkie D, Loesch A, Hargreaves IP, Kendall DA, Pilkington GJ,
Desipramine induces apoptosis in rat glioma cells via endoplasmic Bates TE. Chlorimipramine: a novel anticancer agent with a mitochon-
reticulum stress-dependent CHOP pathway. | Neurooncol 2011;101:41-8 drial target. Biochem Biophys Res Commun 2005;11:623-32

11. Ordys BB, Launay S, Deighton RF, McCulloch ], Whittle IR. The role of 36. Pyrzynska B, Serrano M, Martinez AC, Kaminska B. Tumor suppressor
mitochondria in glioma pathophysiology. Mol Neurobiol 2010;1:64-75 p53 mediates apoptotic cell death triggered by cyclosporin A. | Biol

12. Rakesh K]J. Normalization of the tumor vasculature: an emerging con- Chem 2002;19:14102-8
cept in antangiogenic therapy. Science 2005;1:58-62 37. Srebro Z. [Immunological phenomena and carcinogenesis]. Postepy Hig

13. Arimochi H, Morita K. Desipramine induces apoptotic cell death Med Dosw 1971;25:391-414
through nonmitochondrial‘ and mitochondrial pathways in different 38. Bellamy CO. P53 and apoptosis. Br Med Bull 1997;53:522-38
ty'pes fff human colon carcmom'a cell. Pharmacology 2008;2:.16.4“72 39. Krishnan A, Hariharan R, Nair SA, Pillai MR. Fluoxetine mediates G0/

14. PlCCOtt} IR, LaGattula‘ta Ms, Knlght SA, GorTz.ales A, Blex'/mls MR. G1 arrest by inducing functional inhibition of cyclin dependent kinase
.Inc.luctlor.l of apoptosis by ca‘tlomc amphiphilic drugs amiodarone and subunit (CKS)1. Biochem Pharmacol 2008;15:1924-34
lmipramine. Drug Chem Toxicol 2005;28:117-33 40. Stepulak A, Rzeski W, Sifringer M, Brocke K, Gratopp S, Kupisz K,

15. Serafeim A, Grafton G, Chamba A, Grego%‘y CD, Blalfely RD, Turski L, Ikonomidou C. Fluoxetine inhibits the extracellular signal
Bowery NG, Barnes NM, Gordon J. Selective serotonin reuptake regulated kinase pathway and suppresses growth of cancer cells. Cancer
inhibitors directly signal for apoptosis in biopsy-like Burkitt lymphoma Biol Ther 2008;7:1685-93
cells. B lf"’d 200.2;1:2545_53 ) . . . 41. Grek CL, Tew KD. Redox metabolism and malignancy. Curr Opin

16. .Lero‘./ltZ Y, Gil-Ad .I, Zeldlc.h E, Dayag M, W.elzman A. Differential Pharmacol 2010;10:362-8
induction of apoptosis by antidepressants in glioma and neuroblastoma 42. Kryston TB, Georgiev AB, Pissis P, Georgakilas AG. Role of oxidative
cell lines: evidence for p-c-Jun, cytochrome ¢, and caspase-3 involve- . . .

) stress and DNA damage in human carcinogenesis. Mutat Res
ment. | Mol Neurosci 2005;27:29-42 2011:3:193-201

17. Reddy KK, Lefkove B, Chen LB, Govindarajan B, Carracedo A, 43. Di D’O'menico F, Foppoli C, Coccia R, Perluigi M. Antioxidants in cer-
Velasco G, Carrillo CO, Bhandarkar SS, Owens M], Mechta-Grigoriou F, . . . .

Arbi L Th d line d ) Akt and h vical cancer: chemopreventive and chemotherapeutic effects of poly-

1;. 1s.te}1]’] " i antll epressar;lt S(;\I;EZ::;M %‘::;gg;zaltzsm 6t and has phenols. Biochim Biophys Acta. Epub ahead of print 12 October 2011.
activity against melanoma cells. I ;21:451- . .

DOI: 10.1016/j.bbadis.2011.10.
18. Galluzii L, Morselli E, Vicencio JM, Kepp NO, Joza N, Tajjeddine N, OL: 10.1016/j.bbadis.2011.10.005 4
. : ; . 44. Reuter VE. Origins and molecular biology of testicular germ cell

Kroemer G. Life, death and burial: multifaceted impact of autophagy.

. tumors. Mol Pathol 2005;2:51-60
Biochem Soc Trans 2008;36:786-90 R . . R

. L. . 45. Kirkova M, Tzvetanova E, Vircheva S, Zamfirova R, Grygier B,

19. Kundu M, Thompson CB. Basic principles and relevance to diseases. . . . Lo
Annu Reo Pathol 2008:3:427-55 Kubera M. Antioxidant activity of fluoxetine: studies in mice melanoma

20. Torricelli C, Salvadori S, Valacchi G, Souéek K, Slabakova E, o e e e oo vesee] sromcth. E
Muscettola M, Volpi N, Maioli E. Alternative pathways of cancer cell ’ erralja i ~A: a critical reguiator of blood vessel growth. Liur

. . . Cytokine Netw 2009;20:158-63
death by Rottlerin: apoptosis versus autophagy. Evid Based Complement . . .
Alternat Med 2012:2012:980658 47. Tassone E, Maran C, Masola V, Bradaschia A, Garbisa S, Onisto M.

21. Cloonam SM, Williams DC. The antidepressants maprotiline and flu- Antidepressant hyperforin up-regulates VEGF in CNS tumour cells.
oxetine induce type II autophagic cell death in drug-resistant Burkitt's Pharmacol Res .2011’63'37_43 . .
lymphoma. Int | Cancer 2011;7:1712-23 48. Bhuvaneswari R, Gan YY, Lucky SS, Chin WW, Ali SM, Soo KC,

22. Brech A, Ahlquist T, Lothe RA, Stenmark H. Autophagy in tumour Olivo M. Mo.lecular profiling of angiogenesis in hypericin mediated
suppression and promotion. Mol Oncol 2009;3:366-75 photodynamic thAer.apy‘ Mol Cancer 2008;13:7-56 )

23. Maiuri MC, Galluzzi L, Morselli E, Kepp O, Malik SA, Kroemer G. 49. Lorgs.so G Vannn?l N, Sogno I, Ge.neroso L, G.arbls.a S, I\TOOI’lanl DM,
Autophagy regulation by p53. Curr Opin Cell Biol 2010;22:181-5 Albu"u A. Mechanisms of hyperforin as an anti-angiogenic angiopre-

24. Abdel Razaq W, Kendall DA, Bates TE. The effects of antidepressants on ventl(?n agent. Eur | Cancer 2009;8:1474-84 ) )
mitochondrial function in a model cell system and isolated mitochon- 50. Schmidt HD, Duman RS. The role of neurotrophic factors in adult
dria. Neurochem Res 2011;36:327-8 hippocampal neur.ogerTesis, antis‘lepressant treatments and animal

25. Bulteau AL, Bayot A. Mitochondrial proteases and cancer. Biochem models of depressive-like behavior. Behav Pharmacol 2007;18:391-418
Biophys Acta 2010;1-7 51. Kubera M, Grygier B, Arteta B, Urbanska K, Basta-Kaim A,

26. Colquhoun A. Lipids, mitochondria and cell death: implications in Budziszewska B, Leskiewicz M, Kofaczkowska E, Maes M,
neuro-oncology. Mol Neurobiol 2010;42:76-88 Szczepanik M, Majewska M, Lason W. Age-dependent stimulatory

27. Hroudova J, Fisar Z. Activities of respiratory chain complexes and cit- effect of desipramine and fluoxetine pretreatment on metastasis for-
rate synthase influenced by pharmacologically different antidepres- mation by B16F10 melanoma in male C57BL/6 mice. Pharmacol Rep
sants and mood stabilizers. Neuro Endocrinol Lett 2010;31:336-42 2009;6:1113-26

28. Pilkington GJ, Parker K, Murray SA. Approaches to mitochondrially 52. Franco R, Schoneveld O, Georgakilas AG, Panayiotidis MI. Oxidative
mediated cancer therapy. Semin Cancer Biol 2008;18:226-35 stress, DNA methylation and carcinogenesis. Cancer Lett 2008;1:6-11

29. Ralph SJ, Rodriguez-Enriguez S, Neuzil ], Saavedra E, Moreno- 53. Ekbom A, Brandt L, Granath F, Lofdahl CG, Egesten A. Increased risk of
Sanchez R. The causes of cancer revisited: “Mitochondrial malignancy” both ulcerative colitis and Crohn’s disease in a population suffering
and ROS induced oncogenic transformation - why mitochondria are from COPD. Lung 2008;3:167-72
targets for cancer therapy. Mol Aspects Med 2010;31:145-170 54. DeNardo DG, Coussens LM. Inflammation and breast cancer. Balancing

30. Ramsay EE, Hogg PJ, Dilda PJ. Mitochondrial metabolism inhibitors for immune response: crosstalk between adaptive and innate immune cells
cancer therapy. Pharm Res 2011;28:2731-44 during breast cancer progression. Breast Cancer Res 2007,4:204-12

31. Wolf A, Agnihotri S, Guha A. Targeting metabolic remodeling in glio- 55. Harendeem JM, Lindley C. Use of NSAIDs for the chemoprevention of

blastoma multiforme. Oncotarget 2010;1:552-62

colorectal cancer. Ann Pharmacother 2003;11:1664-74



858 Experimental Biology and Medicine Volume 238 August 2013

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Ascierto ML, De Giorgi V, Liu Q, Bedognetti D, Spivey TL, Murtas D,
Uccellini L, Ayotte BD, Stroncek DF, Chouchane L, Manjili MH, Wang E,
Marincola FMJ. An immunologic portrait of cancer. Transl Med
2011,9:119-46

Kubera M, Lin AH, Kenis G, Bosmans E, van Bockstaele D, Maes M.
Anti-Inflammatory effects of antidepressants through suppression of
the interferon-gamma/interleukin-10 production ratio. | Clin
Psychopharmacol 2001;2:199-206

Tan TT, Coussens LM. Humoral immunity, inflammation and cance.
Curr Opin Immunol 2007;19:209-16

Ben-Neriah Y, Karin M. Inflammation meets cancer, with NF-kB as the
matchmaker. Nat Immunol 2011;19:715-23

Koh 5], Kim JM, Kim IK, Kim N, Jung HC, Song IS, Kim JS. Fluoxetine
inhibits NF-kB signaling in intestinal epithelial cells and ameliorates
experimental colitis and colitis-associated colon cancer in mice. Am |
Physiol Gastrointest Liver Physiol 2011;30:9-19

Gordon J, Barnes NM. Lymphocytes transport serotonin and dopamine:
agony or ecstasy? Trends Immunol 2003;24:438-43

Schiepers OJ, Wichers MC, Maes M. Cytokines and major depression.
Prog Neuropsychopharmacol Biol Psychiatry 2005;29:201-11

Pariante CM, Thomas SA, Lovestone S, Makoff A, Kerwin RW. Do
antidepressants regulate how cortisol affects the brain?
Psychoneuroendocrinology 2004;29:423-47

Volden PA, Conzen SD. The influence of glucocorticoid signaling on
tumor progression. Brain Behav Immun. Epub ahead of print 16
November 2012. DOI: 10.1016/.bbi.2012.10.022

Cotterchio M, Kreiger N, Darlington G, Steingart A. Antidepressant
medication use and breast cancer risk. Am | Epidemiol 2000;15:951-7
Cosgrove L, Shi L, Creasey DE, Anaya-McKivergan M, Myers JA,
Huybrechts KF. Antidepressants and breast and ovarian cancer risk: a
review of the literature and researchers’ financial associations with
industry. PLoS One 2011;6:18210

Mao X, Hou T, Cao B, Wang W, Li Z, Chen S, Fei M, Hurren R, Wu D,
Trudel S, Achimmer AD. The tricyclic antidepressant amitriptyline
inhibits D-cyclin transactivation and induces myeloma cell apoptosis by
inhibiting histone deacetylases: in vitro and in silico evidence. Mol
Pharmacol 2011;4:672-80

Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative stress,
inflammation, and cancer: how are they linked? Free Radic Biol Med
2010;1603-16

Hideshima T, Bergsagel PL, Kuehl WM, Anderson KC. Advances in
biology of multiple myeloma: clinical applications. Blood 2004;3:607-18
Barillé-Nion S, Barlogie B, Bataille R, Bergsagel PL, Epstein J,

Fenton RG, Jacobson J, Kuehl WM, Shaughnessy J, Tricot G. Advances
in biology and therapy of multiple myeloma. Hematol Am Soc Hematol
Educ Program 2003,248-78.

Brandes L], Arron R], Bogdanovic RP, Tong ], Zaborniak CL, Hogg GR,
Warrington RC, Fang W, LaBella FS. Stimulation of malignant growth in
rodents by antidepressant drugs at clinically relevant doses. Cancer Res
1992;13:3796-800

Tamim HM, Mahmud S, Hanley JA, Boivin JF, Stang MR, Collet JP.
Antidepressants and risk of prostate cancer: a nested case-control study.
Prostate Cancer Prostatic Dis 2008;11:53-60

Dalton SO, Poulsen AH, Neorgaard M, McLaughlin JK, Johansen C,
Friis S. Tricyclic antidepressants and non-Hodgkin lymphoma.
Epidemiology 2008;4:546-9

Ingram DM, Nottage EM, Roberts AN. Prolactin and breast cancer risk.
Med | Aust 1990,8:469-73

Breitbart W. Do antidepressants reduce the effectiveness of tamoxifen?
Psychooncology 2011;1:1-4

Pritchard KI. Do selective serotonin receptor inhibitor antidepressants
reduce tamoxifen’s effectiveness and increase the risk of death from
breast cancer? Breast Cancer 2010;4:12-20

Kelly CM, Jurlink DN, Gomes T, Duong-Hua M, Pritchard KI,

Austin PC, Paszat LF. Selective serotonin reuptake inhibitors and breast
cancer mortality in women receiving tamoxifen: a population based
cohort study. BM] 2010;340:c693

Peer D, Margalit R. Fluoxetine and reversal of multidrug resistance.
Cancer Lett 2006;2:180-7

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

. Wernli KJ, Hampton JM, Trentham-Dietz A, Newcomb PA. Use of

antidepressants and NSAIDs in relation to mortality in long-term breast
cancer survivor. Pharmacoepidemiol Drug Saf 2011;2:131-7

Ashbury JE, Lévesque LE, Beck PA, Aronson KJ. A population-based
case-control study of selective serotonin reuptake inhibitors (SSRIs) and
breast cancer: the impact of duration of use, cumulative dose and
latency. BMC Med 2010;22:80-90

Pommerenke E, Mattern J, Volm M. Modulation of doxorubicin-toxicity
by tamoxifen in multidrug-resistant tumor cells in vitro and in vivo.

J Cancer Res Clin Oncol 1994;120:422-6

Tsuruo T, Lida H, Nojiri M, Tsukagoshi S, Sakuari Y. Potentiation of che-
motherapeutic effect of vincristine in vincristine resistant tumor bearing
mice by calmodulin inhibitor clomipramine. | Pharmacobiodyn 1983;6:145-7
Merry S, Hamilton TG, Flanigan P, Freshney RI, Kaye SB.
Circumvention of pleiotropic drug resistance in subcutaneous tumours
in vivo with verapamil and clomipramine. Eur | Cancer 1991;27:31-4
Flamand V, Zhao H, Peehl DM. Targeting monoamine oxidase A in
advanced prostate cancer. | Cancer Res Clin Oncol 2010;11:1761-71
Tutton PJ, Barkla DH. Cell proliferation in the descending colon of
dimethylhydrazine treated rats and in dimethylhydrazine induced
adenocarcinomata. Virchows Arch B Cell Pathol 1976;2:147-60

Xia Z, Lundgren B, Bergstrand A, DePierre JW, Néassberger L. Changes
in the generation of reactive oxygen species and mitochondrial mem-
brane potential during apoptosis induced by the antidepressants
imipramine, clomipramine, and citalopram and the effects on these
changes by Bcl-2 and Bcl-X. Biochem Pharmacol 1999;1199-208

Bilir A, Erguven M, Oktem G, Ozdemir A, Aktas E, Bonavida B.
Potentiation of cytotoxicity by combination of imatinib and chlorimi-
pramine in glioma. Int | Oncol 2008;829-39

Lee CS, Kim Y], Jang ER, Kim W, Myung SC. Fluoxetine induces
apoptosis in ovarian carcinoma cell line OVCAR-3 through reactive
oxygen species-dependent activation of nuclear factor-kappaB. Basic
Clin Pharmacol Toxicol 2010;6:446-53

Parker KA, Glaysher S, Hurren J, Knight LA, McCormick D,

Suovouri A, Amberger-Murphy V, Pilkington GJ, Cree IA. The effect of
tricyclic antidepressants on cutaneous melanoma cell lines and primary
cell cultures. Anticancer Drugs 2012;23:65-9

Hisaoka K, Takebayashi M, Tsuchioka M, Maeda N, Nakata Y,
Yamawaki S. Glia as targets for antidepressants: an involvement in glial
cell line-derived neurotrophic factor. | Pharmacol Exp Ther 2007;148-57
Pollak Y, Yirmiya R. Cytokine-induced changes in mood and behaviour:
implications for ‘depression due to a general medical condition,
immunotherapy and antidepressive treatment. Int |
Neuropsychopharmacol 2002;389-99

Wu ST, Sun GH, Hsu CY, Huang CS, Wu YH, Wang HH, Sun KH. Tumor
necrosis factor-o induces epithelial-mesenchymal transition of renal cell
carcinoma cells via a nuclear factor kappa B-independent mechanism.
Exp Biol Med (Maywood) 2011;9:1022-9

Bielecka AM, Paul-Samojedny M, Obuchowicz E. Moclobemide exerts
anti-inflammatory effect in lipopolysaccharide-activated primary
mixed glial cell culture. Naunyn Schmiedebergs Arch Pharmacol
2010;5-6:409-17

Weichert W. HDAC expression and clinical prognosis in human
malignancies. Cancer Lett 2009;8:168-76

Munshi A, Kurland JF, Nishikawa T, Tanaka T, Hobbs ML, Tucker SL,
Ismail S, Stevens C, Meyn RE. Histone deacetylase inhibitors radio-
sensitize human melanoma cells by suppressing DNA repair activity.
Clin Cancer Res 2005;11:4912-22

Hu J, Colburn NH. Histone deacetylase inhibition down-regulates
cyclin D1 transcription by inhibiting nuclear factor-kappaB/p65 DNA
binding. Mol Cancer Res 2005;3:100-9

Tutton PJ, Barkla DH. Influence of inhibitors of serotonin uptake on
intestinal epithelium and colorectal carcinoma. Br | Cancer 1982;260-5
Sauter C. Cytostatic activity of commonly used tricyclic antidepres-
sants. Oncology 1989;46:155-7

(Received September 10, 2012, Accepted March 1, 2013)



