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Abstract

Breast cancer is a major global health problem that imposes a significant social and economic burden on
individuals and societies. Chemotherapy, a common treatment approach, often leads to resistance and unwanted
side effects, especially in the advanced stages of the disease. This has led to a search for more effective and less
toxic anticancer agents. Lichens, associations of fungi and algae, are gaining attention for their potential in
cancer therapy. Lichens are rich sources of secondary metabolites with diverse biological effects, including anti-
tumor properties. In this study, we summarise the combined effects of vulpinic acid a lichen acid, with
doxorubicin, a chemotherapeutic drug, on breast cancer MCF-7 cells. The results of the XTT assay and
subsequent Compusyn analysis showed that VA and doxorubicin, a chemotherapeutic drug, alone exhibited
potent anti-proliferative effects in a dose- and time-dependent manner, and interestingly, when used in
combination, they produced an antagonistic effect in the same cancer line. These results provide the first
example of a study to show what effect the combination of VA and Dox will have on other breast cancer cell
lines.
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Vulpinik Asit ve Doksorubisinin Meme Kanseri MCF-7 Hiicrelerinde Kombine Etkisi

Oz

Meme kanseri bireylere ve toplumlara 6nemli sosyal ve ekonomik yiik getiren 6nemli bir kiiresel saglik
sorunudur. Yaygin bir tedavi yaklasimi olan kemoterapi, 6zellikle hastaligin ileri evrelerinde siklikla direng ve
istenmeyen yan etkilere yol agmaktadir. Bu durum daha etkili ve daha az toksik antikanser ajanlarinin
arastirilmasina yol agmistir. Mantar ve alglerin birlesimi olan likenler, kanser tedavisindeki potansiyelleri
nedeniyle dikkat ¢ekmektedir. Likenler, anti-tiimdr 6zellikleri de dahil olmak {izere gesitli biyolojik etkilere
sahip, zengin ikincil metabolit kaynaklaridir. Bu ¢aligmada, bir liken asit olan vulpinik asidin kemoterapétik bir
ila¢ olan doksorubisin ile meme kanseri MCF-7 hiicreleri {izerindeki kombine etkileri arastirildi. XTT testinin
sonuglar1 ve ardindan Compusyn analizleri, VA ve kemoterapétik bir ilag olan doksorubisinin, yalniz hallerinde
doz ve zaman bagimli olarak gii¢lii anti-proliferatif etkiler sergiledigini, 6te yandan ilging bir sekilde, kombine
halinde kullanildiklarinda ayni kanser hattinda antagonistik bir etki sergiledikleri belirlendi. Bu sonuglar, VA
ve Dox kombinasyonunun diger meme kanseri hiicre hatlar1 iizerinde nasil bir etki yaratacagini gosteren bir
¢alismanin ilk 6rnegini saglamistir.

Anahtar Kelimeler: meme kanseri, vulpinik asit, doksorubisin, kombine etki
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1. Introduction

Cancers are malignant tumors that result from the uncontrolled growth of cells in tissues or
organs [1]. Cancer is not only a growing public health problem but also a social and economic
burden for societies. Breast cancer is the most commonly diagnosed cancer and the second most
common cause of cancer-related death in women after lung cancer [2, 3]. Today, the most
common treatments for breast cancer are surgery, radiotherapy, and chemotherapy. Depending
on the type and stage of cancer, chemotherapy is used to treat the disease, prevent the spread of
the tumor, slow its growth, and improve some symptoms of cancer, and in some cases,
chemotherapy is the only treatment option. Some of the chemotherapeutic drugs commonly
used for breast cancer treatment are cisplatin, docetaxel, and doxorubicin [4]. The mechanism
of action of each chemotherapy drug may be the same and/or different. Doxorubicin (DOX),
for example, interacts with DNA to provide its most effective mechanism of action against
cancer. Doxorubicin stabilizes the topoisomerase-DNA complex that forms after topoisomerase
IT cuts the DNA during DNA transcription. This prevents the DNA double helix from
recombining, thus preventing DNA from pairing [5]. Although these synthetic drugs, including
Dox, are used in the treatment of cancer, they have many undesirable side effects in patients
undergoing treatment [6]. For instance, nausea, vomiting, irregular heartbeat, neutropenia,
baldness, heart failure, and cardiomyopathy are some of the side effects of doxorubicin [4]. As
cancer is one of the most common diseases of our time, and the number of cancer diagnoses is
increasing every day, scientists are working hard to discover and develop new drugs with fewer
side effects [7]. More than 60% of cancer drugs in use today are developed from natural sources
such as plants, bacteria, fungi, and marine organisms [8]. Medically important plants with
pharmaceutical properties have been used for centuries by the general public in all developing
and developed countries for the treatment of a wide range of diseases [9].

Many of the therapeutic properties of these medicinal plants are due to the secondary
metabolites that they contain. Secondary metabolites have many biological effects including
antiviral, antibacterial, antifungal, antiprotozoal, anti-herbicidal, mutagenic, antioxidative,
antiulcer, antipyretic, anti-inflammatory, and anti-tumor [10]. Besides medicinal plants, there
are still many natural resources that have not been adequately explored, including lichens
formed by the symbiotic association of fungi and algae [11]. Similar to medicinal plants, lichens
have many biological properties, including anti-cancer effects, thanks to the lichen secondary
metabolites. Vulpinic acid (VA), one of the lichens' secondary metabolites, is known to have
many biological properties including antimicrobial [12], antidiabetic [13], and anticancer
activities [14]. Even, our previous study found that VA has significant anti-cancer potential in
many cancers, including breast cancer [11]. The drugs used in chemotherapy either become less
effective during treatment or cancer cells can develop resistance to these drugs. For this reason,
several drugs may be given in combination to make the treatment more effective [15, 16].
Indeed, studies of the combined effects of currently used chemotherapeutic drugs and secondary
metabolites with anticancer potential have gained momentum over recent years. While the
literature contains studies on the anti-cancer effects of the chemotherapy agents DOX and VA
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on breast cancer alone, no data exist on the effect of these two compounds on cancer cells when
used together [11]. In this regard, the dose- and time-dependent anticancer effects of the two
aforementioned compounds, both alone and in combination at different doses, were
comparatively investigated on the breast cancer cell line MCF-7.

2. Material and Methods
2.1. Cell lines and culture

The breast cancer MCF-7 cell line was purchased from the ATCC (American Type Culture
Collection, LGC Promochem, UK). The MCF-7 cell line was cultured in Dulbecco's Modified
Eagle Medium (DMEM, Sigma-Aldrich). Basal mediums were supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS) (HyClone), 1% Il-glutamine (Thermo Fisher
Scientific), 1% penicillin, and streptomycin (Sigma-Aldrich). Cells were maintained in a 5%
CO; incubator at 37 °C. All the studies were carried out in the biosafety -II cabine (Nuve,
Turkey).

2.2. Preparation of chemicals doxorubicin and vulpinic acid.

Vulpinic Acid (VA) was purchased from Cayman Chemicals Company. Doxorubicin (DOX)
was purchased from Cell Signaling Technology. The chemicals were dissolved in dimethyl
sulfoxide (DMSO, Sigma-Aldrich) as a stock solution and stored at —20 °C until usage. The
various concentrations of VA ranging from 5 to 150 uM were performed with the culture
mediums. Similarly, the different concentrations of DOX were prepared ranging from 0.05-100
uM with the complete culture medium.

2.3. Cell proliferation assay

The dose- and time-dependent antiproliferative effects of vulpinic acid (VA) and doxorubicin
(DOX), alone and in combination, on breast cancer cell lines were investigated using 2,3-bis(2-
methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) assay. The principle
underlying the assay is that only living cells have an active metabolism and can convert XTT
to purple formazan, which has a maximum absorbance of 490 nm [17, 18]. Firstly, the dose-
and time-dependent antiproliferative effects of DOX and VA alone on MCF-7 cell was
investigated. For this purpose, both cell lines were plated in 96-well plates with 7500 cells per
well in 150 pL of medium and kept overnight in a 5% CO> incubator at 37°C. This process was
performed separately for each time point (24, 48, and 72h). The following day, different doses
(0.1, 1, 10, 50, and 100 pM) obtained from the stock solution of Dox were applied to the cell
line, and the plates were kept in the 5% CO: incubator for each period. The same procedure
was performed for VA at varying concentrations depending on the cell type (10, 25, 50, 75,
100, and 150 pM). At the end of each incubation period, the old medium in the wells was
removed and the wells were washed with PBS. Subsequently, 50 pL. of XTT solution was added
to the wells together with 100 pL of fresh medium, and after incubation in the 5% COz incubator
for 5 hours, the absorbances were measured at 490 nm. The cells containing only fresh medium
were used as vehicle control. The cell proliferation was calculated with the help of the following
equation;
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Proliferation % = [Abs (extract-treated cells) = Abs (extract in cell-free medium)] / [AbS (control group cells) = Abs (cell-

free medium)] .

Considering the data obtained from XTT assays, different concentrations of DOX and VA were
combined (VA+DOX), and XTT experiments were performed similarly. The absorbances
obtained here and in the previous step were entered into the Compusyn program and CI
Combinational Index (CI) values were calculated. CI is the value indicating the effect on the
cell of combining two or more drugs. The CI value obtained from combination studies between
1 and 10 means that the effect is antagonistic, equal to 1 means that the effect is additive, and
between 0.9 and 0 means that the effect is synergistic [19].

2.4. Statistical analysis

The results of the XTT assay were analyzed using the unpaired t-test with the GraphPad Prism
software version 6.0. The COMPUSYN program was used to calculate the Combination Index
(CI) results. Three independent experiments were conducted in every group, and all
measurements were performed three times. p< 0.05 was considered statistically significant.

3. Results and Discussion
To determine the antiproliferative effects of DOX and VA alone against MCF-7 cancer cells,
different concentrations of DOX ranging from 0.1 to 100 uM and various concentrations of VA

ranging from 10 to 150 uM were applied to the MCF-7 cells for three different periods (24, 48,
and 72 h). The results of the XTT experiments were presented in Table 1.
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Table 1. Dose- and time-dependent inhibitory effects of DOX and VA on MCF-7 cells.

24 h
Doxorubicin (uM) % inhibition Vulpinic Acid (uM) % inhibition
0.1 46.24 10 10.29
1 57.74 25 25.82
10 86.31 50 30.21
50 >100 75 37.60
100 >100 100 56.25
48 h
Doxorubicin (uM) % inhibition Vulpinic Acid (uM) % inhibition
0.1 83.01 10 52.48
1 85.90 25 58.69
10 97.25 50 59.86
50 >100 75 71.88
100 >100 100 73.03
72 h
Doxorubicin (uM) % inhibition Vulpinic Acid (uM) % inhibition
0.1 94.81 10 78.72
1 94.55 25 88.35
10 97.51 50 89.79
50 >100 75 >100
100 >100 100 >100

Examining the dose-dependent inhibitory effects of DOX on MCF-7 cells at the end of each
period individually from Table 1, it can be seen that DOX inhibited 46.24% cell proliferation
at 0.1 pM, and this inhibition increased to 86 % at 10 uM after 24 h. At a concentration of 50
uM, DOX almost completely stopped cell proliferation. The 48 h results showed that DOX
inhibited cell proliferation by 86.3 % at a concentration of 0.1 uM, and by increasing the
concentration to 10 uM, inhibition increased to 97.2 %. At the end of 72 h, even the lowest dose
of DOX increased cell proliferation inhibition to around 95%. These data reveal that DOX has
a strong anticancer effect on MCF-7 cells in a dose- and time-dependent manner.

Similarly, when the antiproliferative activity of VA, one of the lichen metabolites, was tested
against MCF-7 cells after 24 h, it was found to have a significant dose-dependent
antiproliferative effect between 10 and 100 pM. While VA showed 10.29 % inhibition at the
lowest dose of 10 uM, the inhibition rate reached 50 % at the highest dose of 100 uM. A dose-
dependent inhibition was observed with increasing incubation time. VA, for instance, was
found to inhibit cell proliferation by 52.4 % and 78.7 % at the lowest concentration of 10 pM
after 48 and 72 h, respectively.
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Detailed information on the anti-cancer mechanism of DOX, which is commercially used as a
chemotherapeutic agent, is available in the literature. The number of studies on the biological
activity of VA, a natural product, including its anti-cancer activity, is increasing day by day. In
addition, it has been reported in several studies on the mechanism of action of VA in cancer.
Kilic et al. (2018) reported the antiproliferative and apoptotic effects of VA on human breast
cancer MCF-7 and non-cancerous MCF-12A cell lines. The results showed that VA
significantly inhibited cell viability and induced apoptosis of human breast cancer cells while
While it has no significant cytotoxic or apoptotic effects on non-cancerous cells [14]. Cansaran-
Duman et al. (2021) investigated the role of vulpinic acid (VA) on the progression of breast
cancer and reported that VA could downregulate the expression of 12 miRNAs by silencing the
FOXO-3 gene [20]. Another study reported that VA exhibited anti-cancer activity in the breast
cancer cell lines MCF-7 and MDA-MB-453 by inhibiting Thioredoxin reductases-1 (TRXRI)
enzyme, which is recognized as a cancer marker, preventing migration and inducing apoptosis

[L1].

Recently, as cancer tumors develop resistance to the drugs used in chemotherapy over time, and
the effects of these drugs are not sufficient, there has been an increase in the use of combinations
of different drugs to treat patients. For example, Jin et al (2021) applied the combination of
platycodin and docetaxel to prostate cancer DU-145 cells and reported that it synergistically
inhibited cell growth, upregulated the Bax/Bcl-2 ratio, increased apoptosis, and ROS
production, and suppressed the AKT/mTOR and ERK signaling pathways. [15]. Shokrzadeh et
al (2021) applied the combination of Dox with lutein to the MCF-7 cells and reported that the
result was a significant decrease in antioxidant enzymes while a significant increase in ROS
levels, with a synergistic anticancer mechanism. [16].

In this regard, at this stage of the study, the aim was to apply different doses of combinations
of VA, which is a natural compound and may have much fewer side effects in living organisms
compared to synthetic drugs, and DOX, a drug widely used in chemotherapy, to MCF-7 cancer
cells and then determine whether this situation is synergistic or antagonistic in the cell. The
period over which the results of VA and DOX would be used to decide on combination studies
was evaluated by looking at Table 1. For each dose of DOX, from lowest to highest, similar
doses of VA were combined and applied to the cells, taking into account the data at 48 hours,
which is the most effective period. For this, each combined dose of DOX + VA was prepared
and applied to MCF-7 cells for 48 h and subjected to antiproliferative activity tests using XTT
assay. The absorbance values obtained from the XTT tests were processed in the Compusyn
program and CI values were calculated (Figure. 1).
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Figure 1. Compusyn results of vulpinic acid (VA) and Doxorubicin (DOX) in MCF-7 cells. A)
Dose effect curves for VA, DOX, and VA+ DOX combination, B) Combination Index Value —
Fa (Fraction Affected Level) for VA+ DOX. The value obtained in the combination index
indicates a mild antagonism when 1.1 - 1.2, a moderate antagonism when 1.2 - 1.45, 1.45 - 3.3
antagonism, 3.3 - 10 strong antagonism, > 10 very strong antagonism, 0.85 - 0.9 mild synergy,
0.7 - 0.85 moderate synergy, 0.3 - 0.7 synergy, 0.1 - 0.3 strong synergy, < 0.1 very strong

synergy.

Table 2. Combined effects and CI values of VA+DOX in MCF-7 cells

VA+DOX (uM) Absorbance Cl
25-0.05 0.394 4.73265
50-0.1 0.222 1.72574
75-1 0.144 4.19017
100-5 0.064 2.62389
150-10 0.070 6.37395

CI: Combination Index

Looking at the data in Table 2, although each combined version of VA and DOX reduces the
proliferation of MCF-7 cancer cells, each of the CI values is greater than 1. This indicates that
the two compounds used in combination produced an antagonistic effect in this cell line,
weakening each other to some extent, rather than having a synergistic effect. MCF-7 cells are
known to be estrogen receptor-positive (ER+). Therefore, anti-cancer agents that act on this cell
line bind to these receptors and exert their effects on the cell. While both compounds studied
here showed a strong antiproliferative effect alone, presumably by binding to these receptors,
when combined they showed an antagonistic situation, reducing the rate or ability to bind to
this receptor and some extent preventing each other from binding. Although the combined use
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of VA+ DOX has an antagonistic effect on MCF-7 cells in this study, further studies are needed
to determine the effect of the combination on MDA-MB-453, MDA-MB-231, and other similar
breast cancer cell lines.

4. Conclusion

As a result, this study showed that VA and DOX alone exerted a dose- and time-dependent
anticancer effect on MCF-7 cells, whereas it was expected that they would exert a stronger
anticancer effect when combined, but they weakened each other's effect by showing an
antagonistic effect.
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