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Abstract

Pharmacological interventions in depressed cancer patients entail the use of selective serotonin reuptake inhibitors (SSRIs),
of which the most prescribed is fluoxetine. This compound has been shown to interfere with oestrogen-dependent gene
transcription in vitro and also affect the proliferation of various cancer cells. Therefore, this study aimed to assess the
capacity of fluoxetine and its main metabolite, norfluoxetine, to influence breast cancer proliferation in vitro, using the MCF-
7 cell line. Both compounds exhibited anti-proliferative activity on MCF-7 cells, either alone or in combination with 17p-
estradiol. However, norfluoxetine displayed weak co-proliferative effects at (sub)micromolar, biologically relevant
concentrations.

Rezumat

Farmacoterapia in cazul depresiei la pacientii cu cancer implica utilizarea inhibitorilor selectivi ai recaptarii serotoninei
(ISRS), dintre care cel mai prescris este fluoxetina. Studii in vitro au aratat ca acest compus interferd cu transcriptia genica
dependentd de estrogen si, de asemenea, inhiba proliferarea diferitelor celule canceroase. Prin urmare, acest studiu a avut
drept obiectiv evaluarea capacitatii fluoxetinei si a principalului sdau metabolit, norfluoxetina, de a influenta proliferarea
cancerului mamar in vitro, utilizand linia celulara MCF-7. Ambii compusi au prezentat activitate anti-proliferativa asupra
celulelor MCF-7, atat individual, cat si in amestec cu 17p-estradiol. Cu toate acestea, norfluoxetina a prezentat efecte co-
proliferative slabe la concentratii (sub)micromolare, relevante din punct de vedere biologic.
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Introduction The treatment of depression usually entails the use
of psychotherapy and pharmacotherapy, either alone
or in combination, depending on the severity of the
disease [2]. There are no specific guidelines for
pharmacological interventions in depressed cancer
patients, therefore the first-line pharmacotherapy is
represented by selective serotonin reuptake inhibitors
(SSRIs) [8]. Fluoxetine is a widely prescribed SSRI
and has been used since the 1980s [16]. However,
this molecule has been linked to reproductive and
endocrine toxicity in vitro and in vivo [14, 17].

Our previous in vitro studies using T47D-kbluc
breast cancer cells have shown that both fluoxetine
(FLX) and its main metabolite, norfluoxetine (NFLX),
have the capacity to interfere with oestrogen-dependent
gene transcription in vitro, as assessed using a
luciferase reporter gene [14, 17]. Similar results
were previously shown for fluoxetine using a MCF-7
breast cancer cell line transfected with the luciferase
reporter [15]. Furthermore, fluoxetine was able to
induce an uterotrophic response in immature rats,
suggesting that this molecule can disrupt oestrogen-
mediated pathways in vivo [15].

Depressive disorders are highly prevalent mental
disorders estimated to affect over 300 million people
world-wide [21]. These disorders encompass several
syndromes with common features such as sadness,
irritability and feelings of emptiness, associated
with clinical changes in cognition and behaviour
that cause significant functional disability [2].

Depressive disorders affect individuals of all ages
and are consistently more prevalent in women than
in men [1]. Depression can also be a side effect of
certain medications and, furthermore, can also be
associated with several other chronic diseases such
as cardiovascular disease, diabetes, fibromyalgia,
cancer etc. [2-4, 9, 10]. Depressive disorders are
common in cancer patients, with a prevalence ranging
between 5% and 60%, depending on the diagnostic
criteria and tools, but also the stage and type of
cancer [7]. In breast cancer patients, the prevalence
of depression ranges from 11% to 20% [11] and has
also been associated with chemotherapy and anti-
estrogenic treatment with tamoxifen [13, 22].
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It is well established that the proliferation of breast
cancer cells is highly dependent on oestrogen receptor
signalling [12]. Given the capacity of FLX and
NFLX to interfere with oestrogen-dependent gene
transcription, it is possible that the two compounds
could negatively affect the proliferation of oestrogen
receptor positive breast cancer cells. This study
aimed to assess the capacity of these molecules to
influence breast cancer proliferation in vitro, using
the MCF-7 cell line. These breast cancer cells
express nuclear oestrogen receptors (ERs) and are
used as a gold standard for assessing oestrogen
dependent cell proliferation in vitro. The two
compounds were assessed both individually and in
combinations with the endogenous 173-estradiol.

Materials and Methods

Reagents

The test compounds, namely fluoxetine (FLX) and
norfluoxetine (NFLX), were purchased from LGC
Standards (Germany). 17p-estradiol (E2), resazurin,
insulin (cell culture tested), 200 mM L-glutamine,
100 mM sodium pyruvate, foetal bovine serum
(FBS), phenol-red free Dulbecco’s Modified Eagle’s
Medium F-12 (DMEM/F-12) and MEM non-essential
amino acid (100X) solution were all obtained from
Sigma Aldrich (Steinheim, Germany). Dulbecco’s
Phosphate Buffered Saline (PBS) was purchased
from Invitrogen, while charcoal stripped FBS and
trypsin (Trypsin 0.05% + EDTA) were purchased
from Gibco (Paisley, UK). All reagents and solvents
used were of analytical grade.

Cell culture

MCF-7 cells (ATCC® HTB-22™, human adeno-
carcinoma derived from mammary gland) were
purchased from American Type Culture Collection
(ATCC, Manassas,VA, USA). Cells were grown at
37°C under humidified atmosphere with 5%
additional CO, in phenol red-free DMEM/F12
medium supplemented with 1% L-glutamine, 1%
sodium pyruvate, 1% MEM non-essential aminoacids,
10 pg/mL insulin and 10% FBS. Medium was
changed every other day and the passage of cells
was done at a confluence of 80%. During the
proliferation studies FBS was substituted with
charcoal-stripped FBS.

Preparation of the test compounds

500 pL stock solutions in dimethyl sulfoxide
(DMSO > 99.5%, Riedel-de Haén, Seelze, Germany)
were prepared for each compound at a concentration
of 30 mM. Serial dilutions of these stock solutions
were performed with DMSO in order to obtain
working solutions of 0, 0.05, 0.15, 0.5, 1.5, 5, 7.5,
10 and 15 mM for both test compounds. These
serial dilutions were then used to obtain the desired
test concentrations (0.03 - 30 uM) for individual
chemicals.
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Cell proliferation assay

Subconfluent MCF-7 cells were trypsinized and
seeded in 96 well plates at a density of 8 x 10*
cells/mL. Cells were let to attach for 24 h, then rinsed
with PBS and exposed to increasing concentrations of
individual test compounds or mixtures of compounds
with a fixed concentration of estradiol (10 pM) for
72 h. 10 pM E2 was used as a positive control for
both exposure scenarios. Negative controls included
medium depleted of steroids with and without
DMSO. After 72 h the culture medium was replaced
with fresh medium without test compounds or binary
mixtures and cells were incubated for another 72 h.
After a total incubation time of 144 h, cell proliferation
was evaluated using a resazurin-based assay, by
measuring the capacity of the cells to convert the
non-fluorescent resazurin to resorufin, a fluorescent
product [6]. Cells were incubated for 4 h at 37°C
with resazurin under humidified atmosphere, with
5% additional CO, and the fluorescence was
measured at Aegitation = 330/25; Aemission = 390/35,
using a plate-reader (Synergy 2 Multi-Mode Microplate
Reader, BioTek). Each experiment was performed
three times on 3 - 6 replicates.

Statistical analysis

Data analyses were performed using Sigma Plot
(version 12.00). Values are presented as mean =+
standard deviation (SD) for the groups. Compensation
for the inter-plate and inter-experiment data variability
was achieved through normalization of the raw data
for each plate. Normality was evaluated with the
Shapiro-Wilk test (p < 0.05). To compare data, one-
way ANOVA was applied to normally distributed
data, followed by Holm-Sidak Multiple Comparison
post hoc test. Differences in p values of < 0.05 were
considered statistically significant.

Results and Discussion

Evaluation of proliferative activity

The proliferation of cultured cells in vitro can be
assessed by using spectrophotometric or fluorimetric
methods, involving chemical substrates that are
converted by metabolically active cells [6, 19]. We
used a resazurin-based assay to assess the metabolic
capacity of MCF-7 cells in vitro, by reading the
fluorescence resulted from the cell conversion of the
non-fluorescent resazurin to resorufin, a fluorescent
product.

Both fluoxetine and norfluoxetine significantly
reduced the proliferation of MCF-7 cells during
individual testing, as compared to the solvent (DMSO)
control (Figures 1A and 1B). The range of the tested
concentrations was chosen as the plasma levels of
FLX at therapeutic doses of 20 - 80 mg/day are
between 0.1 - 2 uM, but it can accumulate in tissues due
to its lipophilic nature, achieving local concentrations
in the range of 10 - 20 uM [5, 20]. FLX caused a
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significant reduction of the fluorescent signal
between 3 - 30 uM, while its metabolite caused a
significant decrease in fluorescence between 15 -
30 uM. The observed anti-proliferative effect could

A

be mediated through an oestrogen pathway (i.e. via
nuclear oestrogen receptors (ER)) or other pathways
involved in cell proliferation, such as the phosphokinase
ERK (extracellular regulated kinase) pathway [18].
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Figure 1.

Effects of fluoxetine (A) and norfluoxetine (B) on MCF-7 breast cancer cell proliferation. Results represent the
mean £ SD of 3 independent experiments. Significant results (ANOVA, p < 0.05) as compared to the control
(DMSO treated cells) are marked with asterisks (A) FLX significantly decreased cell proliferation between
3-30 uM (FLX 15 -30 uM, p <0.001; FLX 10 uM, p =0.002; FLX 3 uM, p = 0.009). (B) NFLX significantly
decreased cell proliferation between 15 - 30 uM (p < 0.001)

In our previous in vitro studies using resazurin-
based assays on transfected T47D-Kbluc cells, we
observed that fluoxetine significantly reduced the
viability of breast epithelial carcinoma cells after a
24 hours exposure in concentrations above 15 pM
[17]. An anti-proliferative effect of FLX was also
shown in T74D breast carcinoma cells after FLX
treatment up to 10 uM for 24 or 96 hours [18].
Therefore it is likely that the observed decrease in
the fluorescent signal caused by 15 - 30 uM FLX is
the result of a direct effect of the compound on cell
viability. Our results are consistent with previous
reports where FLX has been shown to induce
apoptosis and inhibit the growth of various cancer
cell lines [23]. Moreover, a synergic effect of FLX
in combination with anticancer drugs was reported
in multidrug resistant breast cancer cells, enhancing
chemotherapy sensitivity mainly by increasing the
intracellular accumulation of the anticancer drugs
[23]. Similarly, NFLX decreased the cell viability
of T47D-Kbluc cells after 24 hours incubation at
concentrations above 15 uM, suggesting that the
observed signal reduction for NFLX in the present
study may be entirely due to a direct effect of this
molecule on cell viability and/or proliferation.
Evaluation of antiproliferative activity

Both FLX and NFLX significantly affected the
proliferation of MCF-7 cells during testing in
combination with 10 pM E2, as compared to E2
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(Figures 2A-D). Fluoxetine caused a significant
reduction of the fluorescent signal between 15 - 30 uM,
while its metabolite presented a dual effect, reducing
the E2-induced cell proliferation between 10 - 30 uM
and increasing the signal at 0.3 and 1 pM.

For both compounds, the observed reduction in
signal at 20 pM and 30 pM can be attributed to a
reduction in cell viability (the decrease is significant
compared to the solvent control). However the
reductions caused by 15 uM FLX + 10 pM E2 and
15 uM or 10 uM NFLX + 10 pM E2 can be
considered real anti-proliferative effects of FLX
and NFLX. It is possible that the observed effects
are ER-mediated considering that similar binary
mixtures of 10 or 15 uM FLX/NFLX and E2 caused
a significant reduction in luminescence when assessed
using an ER-dependent reporter gene assay in
T47D-Kbluc breast cancer cells [14, 17].

Binary mixtures of 10 pM E2 and 0.3 or 1 pM
NFLX caused a significant increase in fluorescence
as compared to 10 pM E2. The increase is less than
20%, but it suggests a potential dual effect on
proliferation for norfluoxetine in combination with
endogenous E2. Because this effect is observed at
biologically relevant concentrations, our current
focus is to determine if this co-proliferative effect is
consistent in various ER positive and negative
cancer cells and to further understand its relevance
for the clinical setting.



FARMACIA, 201

7, Vol. 65, 4

A B

140 140

120 120 +

-

o

=1
|

=]
=]
|

RFU %
(Compared to ESTR)
RFU %
(Compared to ESTR)

60 | * 60
40 " 40
20 | 20 |
0- 0 -

DMSGESTR 30 20 15 10 3 1 03 0.1 0.03
FLX conc (uM) + 10pM ESTR

120 | D

=

=3

=3
1

=3
=3
1

DMSCESTR 30 20 15 10 3 1 03 0.4 0.03
NFLX conc (uM) + 10pM ESTR

¢ ¥ 120 {
d I i :
100 I [} -
hd
100
X 801 2 o0 |
z >
2 o
60 o 60 |
40 40 |
20 T T T 20 T T T
0.01 0.1 1 10 0.01 0.1 1 10
FLX conc (uM) NFLX conc (pM)
Figure 2.

Effects of estradiol and fluoxetine (A, C) or norfluoxetin

e (B, D) on MCF-7 breast cancer cell proliferation.

Results represent the mean + SD of 3 independent experiments. Significant results (ANOVA, p < 0.05) as
compared to the control (DMSO treated cells) are marked with asterisks (A) (C). FLX significantly decreased the
estradiol-induced cell proliferation between 15 - 30 pM (p < 0.001), with an ICs, of 18.75 uM; (B) (D) NFLX
significantly decreased the E2-induced cell proliferation between 10 - 30 pM (NFLX 10 uM, p < 0.002; NFLX
15 -30 uM p <0.001) with an ICsy 0f16.27 pM; and significantly increased cell proliferation at 0.3 pM (p = 0.003)

and 1 uM (p

Conclusions

Fluoxetine and its main metabolite, norfluoxetine
have significant anti-proliferative effects on ER
positive breast cancer cells in vitro, either alone or in
combination with the endogenous E2. This effect is
observed at micromolar concentrations, biologically
relevant in the case of drug accumulation in tissues.
Furthermore, norfluoxetine displayed dual effects
on MCF-7 cell proliferation, in combination with E2,
strongly inhibiting E2-induced proliferation at high
micromolar concentrations, but weakly augmenting
E2-induced proliferation at (sub)micromolar
concentrations. To our knowledge this is the first
instance where co-proliferative effects are reported
for this compound and therefore additional studies
535

=0.07)

are required to establish if this effect is consistent in
various cancer types and its implications for the
clinical setting.
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