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Abstract

Purpose: Investigating the triple effect of doxorubicin, 5-fluorouracil, pro-
pranolol on MCF-7 (ER+, WTp53) breast cancer cell line with MTT test and
survival analysis. Materials/Methods: In order to determine effective dosages
of a combination of doxorubicin, 5-fluorouracil, propranolol on the MCF-7
cell line by using MTT and survival analysis technique. Result: IC;, values
acquired by MTT tests are 0.01 mg/ml for doxorubicin, 6 mg/ml for
5-fluorouracil, 30 mg/ml for propranolol and 0.2/1/30 mg/ml (with previous
respect) if all three agents are combined. It is found that the use of doxorubi-
cin, 5-fluorouracil, and propranolol in combination is much effective than
their single application. Discussion: Moderate concentrations of doxorubi-
cin, 5-fluorouracil, and propranolol, if they are applied individually, showed
high toxicity. When we used these drugs in combination; toxic effects les-
sened with respect to monotherapy. In the MCF-7 cell line, doxorubicin (ICs;:
0.01 uM) increases cell death rates significantly and propranolol (IC,;: 3 pM)
has minimum effects in monotherapy in contrast to others. Propranolol is
only superior to itself in combination therapy (IC,;: 4 puM). However
5-fluorouracil (IC,,: 30 pM) showed antagonistic effects with respect to other
drugs. Additionally, having applied the three drugs in combination on the
MCE-7 cell line for the first time in literature, it is highly possible to assess the
application of doxorubicin, 5-fluorouracil and propranolol combination as a
novel therapy option.
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1. Introduction

Breast cancer is the most frequent cancer seen in women with an increasing in-
cidence. In order to succeed in cancer therapy, usually, more than one chemo-
therapeutic agent is applied. Under current economic and financial circums-
tances, utilizing currently approved medicine for new indications to reposition
them is an increasingly popular strategy. It is aimed to abate important risks and
alleviate financial issues with the aid of well-known toxicity and pharmacoge-
netics of these agents [1] [2].

Resistance against present therapies is often a concurrently increasing prob-
lem with treatment. To succeed in cancer therapy, usually more than a single
chemotherapeutic agent is required. However, antecedent or preexisting drug
resistance is the most significant obstacle to succeed in cancer chemotherapy.
This condition is named Multiple Drug Resistance (MDR) [3]. Having compre-
hended molecular mechanisms behind multiple drug resistance, further thera-
pies can be discovered.

Breast Cancer Cell Lines are widely exercised for breast cancer modeling. Cell
lines provide unlimited homogenous material for tumor studies and, moreover,
since they are able to produce relatively easy cultures, breast cancer cell lines are
obtained in vivo and in vitro for studies [4].

Anthracyclines are Cell Cycle Non-Specific agents (CCNS) [5] which are ap-
plied in cancer therapy, a drug class isolated from Streptomyces peucetius Cae-
sius, a species of actinobacteria [6]. Discovery of anthracyclines retained their
popularity among scientific and clinical research sites due to their anti-tumor
effects and their effects on cardiotoxic mechanisms. Anthracyclines are used in
leukemia, lymphoma, breast cancer, stomach cancer, ovarian cancer and, lung
cancer therapy [7]. Doxorubicin, daunorubicin, epirubicin, idarubicin, and mi-
toxantrone are some examples of chemotherapeutic agents of anthracycline fam-
ily.

Doxorubicin (dox), which belongs to anthracycline family, is one of the most
widely used drugs in breast cancer therapy also an agent to treat ovarian, lung,
urinary, bladder, thyroid and stomach cancers as well as lymphoma [8] [9].
Doxorubicin inhibits DNA synthesis by intercalating DNA helix [10]. This inhi-
bition is executed by preventing the advance of enzyme topoisomerase II along
DNA molecule [11] [12]. During replication, having stabilized topoisomerase,
DNA double-helix structure becomes unable to be resealed and the cell under-
goes apoptosis [13] [14].

Fluorouracil (5-FU) is one of the ubiquitous chemotherapy drugs. It is applied
frequently to tumors of solid tissues found in breast, colon, rectum, pancreas,
and stomach cancers [15]. 5-fluorouracil is an analog of uracil which contains
fluorine instead of hydrogen at position C5. It is converted intra-cellularly into
many metabolites: fluorodeoxyuridine monophosphate (FAUMP), fluorodeox-
yuridine triphosphate (FAUTP), fluorouridine triphosphate (FUTP). These ac-
tive metabolites vitiate RNA synthesis and thymidylate synthase enzyme activity
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[16]. Thymidylate Synthase (TS) enzyme catalyzes the conversion of deoxythy-
midine monophosphate (dTMP) into deoxyuridine monophosphate (dUMP).
An active metabolite of 5-FU fluorodeoxyuridine monophosphate (FAUMP)
bonds to nucleotide binding site of thymidylate synthase and forms a stable
structure. Access to nucleotide binding site of dUMP is prevented and dTMP
synthesis is inhibited. This event results in instability of nucleotide pool and in-
creases in deoxyuridine triphosphate level. Both events cause DNA damage. The
level of DNA damage resulted from dUTP depends on the levels of pyrophos-
phatase, dUTPase, and uracil-DNA-glycosylase (UDG) [17]. dTMP can be ac-
quired from thymidine with the help of Thymidine-Kinase (TK). This acquisi-
tion way represents a potential resistance mechanism of 5-FU. Drug metabolism
and activity of Dihydropyrimidine-Dehydrogenase (DPD), which plays an es-
sential role in deactivation of fluorouracil, are reduced due to a genetic variation
seen among 3% - 8% of patients. Intense toxic reactions seen on the patients
with that genetic variation might be fatal even on low dose applications of fluo-
rouracil.

Propranolol (prop) is classified as a beta-blocker, non-selective and generally
used in hypertension and arrhythmia. It blocks epinephrine and norepinephrine
action on adrenergic B, and S, receptors. It shows very little sympathomimetic
activity although it has strong membrane stabilizing activity. Its enantiomers ex-
hibit local anesthetic effect which is usually accomplished by blocking vol-
tage-gated sodium channels [17]. Propranolol shows its effect on cell prolifera-
tion via cell cycle components cyclin-E and CDK2 [18]. Several studies evince
propranolol’s ability to block voltage-gated sodium channels of cardiac, neural
and skeleton cells and its membrane stabilizing, anti-arrhythmic effects and oth-
er effects on the central nervous system should be of concern [19]. In this study,
the triple effect of doxorubicin, 5-fluorouracil, and propranolol combined ap-
plied on MCE-7 cells in order to reduce toxicities of these drugs on cells in con-
trast to their monotherapy. In the future, triple combination doxorubicin, fluo-

rouracil, and propranolol might be considered as a novel therapy.

2. Materials and Methods
2.1. Cell Line

One of the cell lines used in breast cancer MCF-7 (ER (+), WTp53) were luminal
epithelial tissue cells originated from metastatic pleural effusion obtained from a
white, 69 years old, female patient with primary carcinomatous ductal tumor.
MCEF-7 breast cancer cell lines are provided by Prof. Oguz Oztiirk, DETAE (Ex-
perimental Medicine Research Institute).

2.2. Cell Culture

The main constituent of media for cell culture was RPMI however 10% FBS and
0.1% penicillin-streptomycin was applied to prevent microbial infections. Cell

line cultures were cultivated in a sterile incubator under the conditions of 5%
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CO, and 37°C (Memmert CO, Incubator, INCO153med, Germany). Growing
cells were re-passaged when they cover up to 80% of the volume of the container
flask.

2.3. Cell Vitality Test (MTT Test)

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide or MTT assay test
was applied to incubated breast cancer cell line in order to assess time-dependent
dosage effects of Dox, 5-FU and Prop. The percentage of inhibition results (ICs,)
were calculated by using the formula Y= mx + C (Y = Inhibition, x = Concen-
tration, C'= Constant, m = Coefficient). Cells are treated with 0.001 - 3 uM Dox,
0.01 pM 5-FU, 1 - 250 uM Prop for a period of 24 hours. Readings of spectro-
photometry at a wavelength of 570 nm were analyzed so as to determine relative
cell survival rates of the control group versus drug applied cell group. (Mul-
tiskan™ FC Microplate Photometer, ThermoFisher Scientific, Multiskan FC China).

2.4. Survival /Trypan Blue Test

To assess cytotoxic effects of applied drugs trypan blue is used to experiment cell
survival rates. MCF-7 cell line control and Dox, 5-FU, Prop triple combination
application groups were designated to include 1 x 10° cells in each well and im-
planted onto Petri dishes with 6 wells. Cells were treated with drugs for periods
of 24, 48 and 72 hours according to the determined IC,, values set as per MTT
results. Then, Trypan Blue was applied and their numbers were counted with

Neubauer hemocytometer.

2.5. Statistical Analysis

The results were obtained by taking the average of three experimental replicates
and data were analyzed with the Graph Pad 4.04 statistics software. The inde-
pendent t-test was used for the comparisons and p-value < 0.05 was determined

for significant changes.

3. Results
3.1. MTT Results

IC;, values obtained from MTT results are determined as 0.01 mg/ml for dox-
orubicin, 6 mg/ml for 5-fluorouracil, 30 mg/ml for propranolol and for the triple
combination, the dose range of 0.2/1/30 mg/ml was selected which was effective
at a low dose of doxorubicin/5-fluorouracil/propranolol (Figure 1). Acquired
ELISA results are demonstrated as column charts in Microsoft Office Excel and
standard deviations are calculated and shown for each graph. Each chart is plot-
ted according to data on relative cell survival ratio to control group and each

experiment was designated to repeat thrice (Figures 2-4) (p < 0.05).

3.2. Survival Results

Survival analysis of breast cancer cells, which were treated with doxorubicin,
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5-fluorouracil, propranolol alone and in triple combination for periods of 24 and
48 hours according to the determined IC,, values set as per MTT results, is

demonstrated in Figure 5 & Figure 6 (p < 0.05).
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Figure 1. MTT results for combination therapy of doxorubicin, 5-fluorouracil
and, propranolol.
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Figure 2. MTT results for doxorubicin (IC,,: 0.01 mg/ml).
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Figure 3. MTT results for 5-fluorouracil (IC;,: 6 mg/ml).
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Figure 4. MTT results for propranolol (IC,,: 30 mg/ml).
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Figure 5. Time-dependent dead cell number graph.
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4. Discussion

Nowadays, it is well understood that treating cancer with a single drug or single
therapy does not suffice. In many studies, it is intended that numerous drugs
and supplementary therapy procedures (surgical, radiotherapy, hyper-thermal
regional ablative therapies and minimally invasive surgeries) are applied in
combination in order to designate a more effectual therapy for the patient and
minimize adverse effects. Monotherapy is not effectual in healing the disease and
various therapy types are required to apply in sequence and sometimes concur-
rently.

It is reported that some drugs that might create systemic toxicity are not ap-
plied under effectual dosage to affect cancerous tissue. A major limitation for the
use of doxorubicin is its cardiotoxicity. Researchers aimed to reduce the toxicity
of anthracycline drugs [20]. 5-FU is catabolized by dihydropyrimidine dehydro-
genase (DPD), which is encoded by the dihydropyrimidine gene and plays an
important role [21]. DPD is the initial rate-limiting enzyme in the catabolic
pathway of 5-FU [22]. Hence any alteration in this sequence of enzymatic activ-
ity can lead to toxic accumulation of 5-FU [21]. The reduced activity of the en-
zyme increases the half-life of the drug, resulting in excess accumulation of the
drug and subsequent toxicity [23]. Cancer patients with a complete or near
complete deficiency of the DPD enzyme suffered from severe toxicity, which
may even cause death after treatment of 5-fluorouracil [24] [25]. Propranolol is
associated with heart failure, heart block, hypotension, worsening of symptoms
in psoriasis, asthma, and psychosis [26]. Therefore, incorporating combination
therapies are found plausible [27].

In our study, the toxicity of doxorubicin is found to be much higher than
5-fluorouracil and propranolol. In monotherapy, on MCEF-7 cell line doxorubi-
cin (IC;y: 0.01 uM) increases cell death rates significantly (Figure 2); propranolol
(ICsp: 30 pM) has minimum effects in monotherapy among others (Figure 4).
When the triple is applied, the number of dead cells increases as like Dox mo-
notherapy despite a lower rate (Figure 5). Although the single dose of Dox is
doing much better than the combination of three agents, we decide to use the
combination of three to reduce the side effects of Dox. Additionally, having ap-
plied for the first time in literature, we think that it seems highly possible to as-
sess the application of doxorubicin, 5-fluorouracil and propranolol combination
as a novel therapy option.

Zoli et al. (2005) applied triple chemotherapeutic agents in a sequence as dox-
orubicin > paclitaxel > 48 hours > washing > 5-fluorouracil in accordance with
clinic phase I/II protocols. In these studies, doxorubicin, paclitaxel, and
5-fluorouracil were applied in a ratio as 1:1:10 and in addition to doxorubicin
and paclitaxel 5-fluorouracil was also added to study their effects on human
breast cancer cell lines MCF-7 and BRC-230. In contrast to our study, Zoli et al.
applied the triple chemotherapeutic combination in a sequence as per doxorubi-

cin - paclitaxel - 48 hours - washing - 5-fluorouracil in accordance with clinic
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phase I/II protocols. In these studies, doxorubicin, paclitaxel, and 5-fluorouracil
were applied in a ratio as 1:1:10. Moreover, here, it is possible to determine a
protocol to employ these three chemical agents by defining their combinatory
use and synergetic and antagonist effects. Furthermore, specifically dox > parcel
sequence blocks the cells on G2-M and when 5-FU added, it was revealed that
cells are suppressed to advance in a cell cycle and resulted in the death of cells.
Dox - Pacl pre-application caused an obvious decrease in basal TS expression
and probably promoted 5-FU activity. Doxorubicin > paclitaxel > 48 hours >
washing > 5-fluorouracil sequence resulted in induction of apoptosis with no
regard to hormonal, p53, bcl-2 or p53 in both experiments. In multiple chemo-
therapy application protocols, for optimized drug activity, it is claimed that the
drug application sequence and dosage are the most important steps [28].

As said by Kugawa et al (2004) CPA, dox and 5-FU induces apoptosis in
MCE-7 cells. Dosage dependence of single anti-cancer drugs was determined as
per cited data and after anti-cancer drug application vitality of MCF-7 cells were
equally reduced. Even used at minimal concentration dox is reported to have the
highest toxicity among the three. In addition, having treated MCEF-7 cells with
monotherapy for four days, an induced cell death rate of 60% was reached by 5
pg/ml and 25 pg/ml for dox and 5-FU respectively. When treated with the triple
combination, 60% cell death rate was reached in two or three days. According to
biochemical analysis, in dox monotherapy and triple combination, DNA frag-
mentation was observed while others didn’t show the same. It is emphasized that
death of human breast cancer cell line MCF-7 induced by anti-cancer drugs
might or might not be apoptotic however if a combination is applied it would be
entirely apoptotic [29].

Pasquier et al (2006) showed that by using propranolol at low concentrations
in 9 different types of cell lines including MCF-7, anti-proliferative effects of
chemotherapeutic drugs can be modulated in wvitro, cell-specifically and
dose-dependently. Human breast carcinoma and vesicular endothelial cell lines
are among most sensitives to propranolol and chemotherapy. If low dose pro-
pranolol is combined with 5-fluorouracil and paclitaxel, propranolol increases in
vitro angiogenesis inhibition significantly and by affecting endothelial cells di-
rectly since it boosts anti-angiogenetic features of chemotherapeutic drugs. Al-
though differences do not indicate statistical significance, it is found that pro-
pranolol exhibits higher anti-tumor tendencies when combined with chemothe-
rapy in contrast to chemotherapy alone [30].

Boosting in vitro antiproliferative and anti-angiogenetic effects of chemothe-
rapeutic drugs were proven to be boosted by two potential mechanisms of pro-
pranolol’s in vivo anti-tumor features. Previous studies exhibited propranolol’s
effect on pre-clinic models of both ovarian and breast cancers which are induced
by stress to inhibit metastasis however it can only affect the growth of primary
tumor of ovarian cancer model [31] [32] [33].

In our study, it is observed that concentrations of the drugs show high toxicity

due to higher concentrations in monotherapy although when applied in combi-
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nation, toxic effects lessened with respect to monotherapy. In designing proto-
cols of clinical applications which include multiple chemotherapeutic agents, ef-
fects of different agents and their cytotoxic effects and synergetic effects of
agents, when applied in combination, should be taken in consideration [34] [35]
[36]. Optimization of protocols of multiple chemotherapeutic agent application
is regarded as the most vital step of the therapy phase and dosage [37].

Considering future clinical trials, evaluation of such combination therapy is a
necessity especially for patients who are prone to develop drug resistance with
regard to an effective treatment strategy. If succeeded, it will be possible to treat
more than a million women with breast cancer in an economic way in a short
period. In order to investigate the synergetic and antagonist effects of these
drugs with each other, a future study of double combinations of the drugs is al-
ready proposed. By the aid of these proposed results, effectual treatments might
be possible with a lower dose and minimal cytotoxic effects on the patient. Since
cancer generating mechanisms are not solved thoroughly, developing drugs
which target these mechanisms is restricted. Moreover, current and future drug
resistance is another obstacle against drug development. Usually, more than one
chemotherapeutic agent is applied to succeed in cancer treatment.

In this study, having determined cytotoxic effects of doxorubicin, 5-fluorouracil
and propranolol concentrations, it became evident that the agents should be
tried in more frequent intervals, this study should be described as a first step and
more sophisticated studies might be proposed. Meanwhile, more detailed mole-
cular, in vitro and in vivo studies which can reveal the actual potential of the
triple combination are also required. Finally, cytotoxic effects of doxorubicin,
5-fluorouracil and propranolol were minimized and their concurrent use is

proposed to be a suitable combination therapy.
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