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Abstract This study was designed to compare usnic

acid with anti-breast cancer drug molecules (A-

BCDM) routinely used in the treatment of breast

cancer. The miRNA information of 17 anti-breast

cancer drug used in breast cancer treatment was

obtained from the Small Molecule-miRNA Network-

Based Inferance (SMIR-NBI) tool. We had been

determined common and different expressed miRNAs

between 17 A-BCDM& usnic acid and were classified

according to the commonmiRNAs to reveal molecular

similarity. As a result of the bioinformatic analyzes, 20

common miRNAs were determined between 17

A-BCDM and usnic acid. The common miRNAs were

analyzed with bioinformatic tolls for determining

pathways and targets. The most common miRNAs for

6 of 17 A-BCDM and usnic acid were determined as

miR-374a-5p and miR-26a-5p. We compared the anti-

proliferative effect of usnic acid and one of the 17

A-BCDM that tamoxifen on MDA-MB-231 triple

negative breast cancer cell with real-time cell analysis

system. The real time PCR assay was carried out with

miR-26a-5p for evaluate to expression level of MDA-

MB-231 breast cancer cell and MCF-12A non-

cancerous epithelial breast cell. As a result of study,

usnic acid as novel candidate drug molecule showed

high similarity ratio with 5-Fluorouracil, Sulindac

Sulfide, Curcumin and Cisplatin A-BCDM used in

treatment of breast cancer. miR-26a-5p as common

response miRNA of usnic acid and tamoxifen was

showed a decreased level of expression by validated

qRT-PCR assay. The obtained from study, in addition

to 17 A-BCDM, usnic acid has also the potential to be

used as a candidate molecule in the treatment of breast

cancer. Moreover, miR-26a-5p might be used as a

biomarker in the treatment of breast cancer but further

analysis is required.
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Introduction

Breast cancer is one of the most common types of

cancer in the world due to the presence of more than

1.3 million people and causing 450,000 deaths each

year (The Cancer Genome Atlas Network 2012).

Breast cancer is heterogeneous disease involving

complex histopathological patterns and clinical

behavior (Simpson et al. 2005; Weigelt and Reis-

Filho 2009). Breast cancer is divided into different

subtypes based on the presence of estrogen receptor

(ER), progesterone receptor (PR) and HER2. The
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increasing number of studies based on transcriptomic

data, the most of ER and PR positive tumors have been

classified into common luminal A and luminal B

subtypes (Sorlie et al. 2001; Perou et al. 2000). Tumors

with HER2 amplification and/or over-expression are

evaluated into the HER2-positive subtype. Triple-

negative breast cancer (TNBC) were characterized

tumors without expression of ER, PR, and HER2.

Although TNBC represents only 15–20% of breast

cancer, the recurrence and mortality stage in TNBC is

significantly higher than in other subtypes of breast

cancer (Dent et al. 2007). Because of the high

mortality rate of malignancies and metastatic breast

cancer, the further studies focusing on TNBC are

needed. The surgery is a common treatment option for

early stage of breast cancer. In last stage of disease

(stage IV), chemotherapy and radiotherapy are the

main therapies along with hormone therapy (Fyles

et al. 2004). The surgery, radiation, chemotherapy,

targeted treatments and immunotherapy separate or in

combination are generally used to treatment of breast

cancer. Although TNBC is a subtype that responds to

chemotherapy (22%), the recurrence and metastasis

rates of TNBC patients are higher than as a non-TNBC

tumors (Liedtke et al. 2008). Due to the absence of

three receptors in TNBC, chemotherapy is still the

main treatment option for patients. However, this

treatment option may cause different side effects on

patients. There is an urgent need to develop new

therapeutic approaches for TNBC patients and

researchers have focused on determining the effec-

tiveness of new drug candidate molecules in recent

years.

Recent studies have revealed the potential use of

novel candidate drug molecules obtained from plant,

fungi etc. species for the treatment of various cancer-

ous diseases (Kinghorn et al. 2016; Rayan 2017;

Lichota and Gwozdzinski 2018; Kılıç et al. 2018;

Dinçsoy and Cansaran-Duman 2017). The natural

compounds isolated from biologic organisms have

long been a used as anti-cancer drug (Hsiao and Liu

2010). Plant-based drugs are generally low cost,

abundant, low toxicity and side effects. Usnic acid, a

fungi dibenzofuran derivate, is secondary metabolite

mainly found in lichen species. Usnic acid has several

properties such as antimicrobial, antiviral, antiproto-

zoal activity. Recently, numerous studies have showed

antiproliferative effect of usnic acid in different cancer

cells (Dinçsoy and Cansaran-Duman 2017; Geng et al.

2018; Yurdacan et al. 2019; Kumar et al. 2019;

Nguyen et al. 2019 Interestingly, usnic acid has low

ratio at effect on non-cancerous human cells and

therefore usnic acid may be a novel an candidate

molecule for the treatment of cancer.

As a result of understood the effective role of

miRNAs in cancer, microRNA-based therapies have

become a potential research topic and the use of

miRNAs as a preclinical model has begun to be

investigated in recent years. miRNAs are non-coding

small RNAs that regulate gene expression at the post-

transcriptional (Bartel 2004; Hsieh et al. 2015).

Studies have determined miRNAs are involved in cell

development, differentiation, proliferation and apop-

tosis processes (Esquela-Kerscher and Slack 2006; Yu

et al. 2018). In addition to miRNAs used as biomarkers

in clinical diagnosis, the idea of being used as a

regulator in the treatment of various diseases is very

exciting. The ability to function as key regulators in

the genome has made miRNAs a drug target and has

made these molecules a promising method for future

drug based product development. Moreover, the

miRNAs’ ability to stabilize in the blood and to

withstand repeated freeze–thaw periods have made

them a promising treatment option. There have been

patent applications in the USA and Europe regarding

miRNA-based treatment approaches and many patents

have been approved (Van Rooij et al. 2012). miRagen

Therapeutics, Regulus Therapeutics and Mirna Ther-

apeutics companies have identified various miRNAs

to develop drug candidates that play a role and

regulate the process in different disease states (Ru-

paimoole and Slack et al. 2017). The datas obtained

from high-throughput biology tools such as miRNA

expression assays enabled more detailed evaluation of

cellular networks in carcerogenesis. Several network-

based methods are needed to predict the new indica-

tions of drugs to speed up cancer pharmacogenomics

studies (Yu et al. 2016;Yu et al. 2017; Kılıç et al. 2019;
Yangın et al. 2019).

Many drugs that are widely used in cancer

treatment have a toxic effect on non-cancerous cells

so new treatment options need to be developed for

breast cancer treatment (Nakamura et al. 2010).

miRNAs response to chemotherapeutic drugs are

effective target for cancer therapies. In a previous

studies in our lab was determined the effect of usnic

acid treatment on the miRNA expression profile in

breast cancer cells (Kılıç et al. 2019). The results
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showed the important roles of miRNAs that respond to

usnic acid through regulation of different signal

pathways. In the light of these data, we compared

miRNAs that respond routinely to A-BCDM used in

the treatment of breast cancer and usnic acid to

identify similarities and differences. miRNA data that

respond to 17 A-BCDM used in breast cancer

treatment were obtained from the Small Molecule-

miRNA Network-Based Inferance (SMIR-NBI) tool

(Li et al 2016). In this study was determined the effect

of routinely used A-BCDM and usnic acid molecule

on breast cancer treatment at miRNA level. The results

demonstrated that miR-26a-5p which was the common

miRNA of 6 anti-breast cancer drugs and usnic acid

response miRNAs was significantly upregulated in

MDA-MB-231 breast cancer cells. This study may

emphasize a common role of usnic acid and cancer-

targeted drugs on the rugulation of miRNAs in breast

cancer.

Material and methods

The determination of similarities and differences

of 17 anti-breast cancer drugs (A-BCDM)

and usnic acid response miRNAs

Li et al. developed SMİR-NBI model to identify

miRNAs as potential pharmacogenomic biomarkers in

precision cancer medicine (Li et al. 2016). The SMİR-

NBI network data have collected from the miREnvi-

ronment, sM2miR, MeSH, miRBase, miRTarBase,

TarBase, miRecords databases that have been exper-

imentally confirmed to be directly regulated by small

molecules. The miRNAs response to 17 A-BCDM

were obtained from the SMIR-NBI tool and the names

of miRNAs were standardised using Unified Medical

Subject Headings (MeSH). The A-BCDM consist of

Tamoxifen, Fulvestrant, Letrozole, Cisplatin, Pacli-

taxel, 5-Fluorouracil Doxorubicin, Docetaxel, Mitox-

antrone, Gemcitabine, Capecitabine, Vincristine,

Topotecan, Metformin, Sulindac Sulfide, Curcumin

and Bicalutamide in SMIR-NBI tool.

In our previous study, usnic acid showed significant

cytotoxic activity to MCF-7, BT-474 and MDA-MB-

231 breast cancer cells and determined effective dose

and time for usnic acid. Usnic acid responsive

miRNAs obtained from MCF-7, BT-474 and MDA-

MB-231 breast cancer cell lines were identified by

microarray analyses (Kılıç et al. 2019).
The number and percentage of miRNAs responsive

to 17 A-BCDM and usnic acid obtained from SMIR-

NBI tool determined by Microsoft Access Program.

The number of common miRNAs to 17 A-BCDM and

usnic acid were also performed to Microsoft Access

Program.

The percent of similarity of the drug-miRNA were

calculated based on the miRNA numbers determined

to be common to the respective drugs. Then, the values

obtained have shown as a drug-miRNA similarity

graph.

The analysis of pathways and target genes

of common expressed miRNAs between usnic acid

and 17 anti-breast cancer drugs

TargetScanHuman program and KEGG analysis have

been used for determining target gene and pathway

analysis of 17 A-BCDM and usnic acid responsive

miRNAs.

The determination of experimental validation

of miR-26a-5p as common miRNA responsive

to tamoxifen and usnic acid on MDA-MB-231

triple negative breast cancer cell

Cell culture

MDA-MB-231 breast cancer cell was obtained from

American Type Culture Collection (ATCC). Cells

were cultured in 10% fetal bovine serum (FBS;

Biological Industries) and 1% penicilin/streptomiycin

supplemented media in Dulbecco’s Modified Eagle’s

medium (DMEM; Biological Industries). MDA-MB-

231 cell cultured at 37 �C in a humidified atmosphere

with 5% CO2.

The preparation of usnic acid and tamoxifen

The stock solutions of usnic acid were appropriately

diluted to obtain a final concentration of 0.1% DMSO

(v/v). A stock solution of 100 lM usnic acid was

prepared and diluted with DMEM to obtain final

concentrations of 50, 25 and 10 lM. The stock

solution of tamoxifen was prepared to 1 M

concentration.
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Determination of cell proliferation by real time cell

analyzer (RTCA) system

Cell proliferation was also continuously monitored

using the xCELLigence RTCA S16 Instrument

(xCELLigence RTCA, Roche, Germany). MDA-

MB-231 breast cancer cells seeded at a density of

1 9 104 cells per well of e-plate. After 24 h, usnic

acid was added at different concentrations (100, 50, 25

and 10 lM) on MDA-MB-231 cells. The assay

conditions of cell proliferation were also performed

by the same method to determine the effect of

tamoxifen on MDA-MB-231 cells. Proliferation was

monitored every 30 min and time dependent cell index

(CI) graph was obtained by the device using the RTCA

software program of the manufacturer (xCELLigence

RTCA, Roche, Germany).

The verification of miR-26a-5p expression

by qRT-PCR

RNA isolation and cDNA synthesis

For RNA isolation, MDA-MB-231 breast cancer cells

(5 9 10 5 cells per well) were plated in each well.

Cells were incubated in a standard cell culture for

24 h. Then, the IC50 of usnic acid and tamoxifen were

applied to MDA-MB-231 cancer cell. Total RNA was

isolated with TriPure Isolation Reagent (Roche Life

Science, Mannheim, Germany) according to the

manufacturer’s instructions. One microgram RNA

was reverse transcribed by oligo(dT) primers with

Transcriptor High Fidelity cDNA Synthesis Kit

(miScript� II RT Kit, Qiagen) at 958C for 5 min,

and at 48 �C for 60 min, and at 85 �C for 5 min

according to the manufacturer’s instructions.

Quantitative real-time RT-PCR

Quantitative real-time RT-PCR analysis was per-

formed using a LightCycler 480 PCR (Roche, Ger-

many). miScript SYBR� Green PCR Kit used with

miScript Primer Assays or miScript Precursor Assays

Kit (Qiagen) was used for real time PCR. The reaction

mix was prepared to a total volume of 25 ul

(29 QuantiTect SYBR Green PCR Master Mix

12.5 ll, 109 miScript Universal Primer 2.5 ll,
109 miScript Primer Assay 2.5 ll, RNase-free water,
Template cDNA B 2.5 ll). The RNU-6 housekeeping

gene was used for normalization. PCR condition was

performed with initial denaturation at 95 �C for

15 min, followed by amplification for 40 cycles, each

cycle consisting of denaturation at 94 �C for 10 s,

annealing at 55 �C for 30 s, polymerization at 70 �C
for 30 s. The miR-26a-5p primer was

50UUCAAGUAAUCCAGGAUAGGCU30. The

2-DDCT method was used to evaluate of expression

level of miR-26a-5p. The qRT-PCR experiments were

repeated two times and evaluated stu-t test.

Transfection with miR-26a-5p and cell

proliferation analysis

3.5 9 105cells were seeded in six-well plates and

transfected with 25 nM miR-26a-5p mimic, scram-

bled control with using HiPerFect Transfection

Reagent (Qiagen, Germany). After an transfection

period of 24 h, cells were seeded into plate of

xCELLigence real-time cell analyser. The antiprolif-

erative effect of miR-26a-5p was evaluated by using

real time cell analyzer system.

Results

Comparision of usnic acid and 17 anti-breast

cancer drugs by the SMİR-NBI tool

The effect of usnic acid on breast cancer cells was

investigated in our previous study (Kılıç et al. 2019).
Usnic acid was applied to three different histological

subtype breast cancer cells (MDA-MB-231, BT-474,

MCF-7). The most highest miRNA response (66

miRNAs) of usnic acid among breast cancer cells were

determined on MDA-MB-231 triple negative breast

cancer cell. In the current study, the results of our

previous study and 17 A-BCDM in the SMIR-NBI tool

were compared for determining the common and

different of the miRNAs responding to breast cancer

treatment. The 42 of miRNAs was specific to usnic

acid and 24 miRNA is common with 66 miRNA that

respond to MDA-MB-231 and 17 A-BCDM (Table 1).

Therefore, while the similarity rate of usnic acid with

other A-BCDM in terms of miRNA profile is 63.6%,

the uniqueness rate is 36.3% (Table 1). The miRNAs

that respond to 17 A-BCDM in the SMIR-NBI tool

have shown us that drugs have a different number of

miRNA responses. The drug with the highest number
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of miRNA’s is 5-Fluorouracil with 208 miRNA

(Table 1). The 16 A-BCDM other than 5-Fluorouracil

in the SMIR-NBI tool showed from 1 to 131 number of

miRNA differentiation (Table 1). In addition, the

drug-specific miRNAs that is not similar to other

drugs, is important for alternative drug treatment

option. This uniqueness rate for usnic acid is 87% in

MCF-7 cell, 63% in MDA-MB-231 cell, and 60% for

5-Fluorouracil. miRNAs that respond to sulindac

sulfur are 40% different from miRNAs that respond

to other A-BCDM (Table 1). The results of the study

have correlated with the number of miRNAs respon-

sive to 17 A-BCDM loaded into the SMIR-NBI

database. However, the bioinformatic data obtained

from SMIR-NBI tool indicate that the highest miRNA

differentiation was detected in usnic acid compared

with 17 A-BCDM, and these miRNAs function via

different pathways from other drugs.

The number of miRNAs, which are common

between 17 A-BCDM and usnic acid, were evaluated

separately on the basis of drug (Table 2). According to

these results, 33 miRNA Sulindac sulfide/5-Fluo-

rouracil; 24 miRNA 5-Fluorouracil / Curcimin; 21

miRNA Sulindac sulfide/Gemcitabine; 18 miRNA

Cisplatin / Sulindac sulfide was determined by com-

mon miRNA for all combination of 17 A-BCDM and

usnic acid. Capecitabine demonstrated the lowest

similarity profile which is showed common similarity

with only 1 miRNA with 5 A-BCDM (Curcimin,

Sulindac sulfide, Bicalutamide, 5-Fluorouracil, Pacli-

taxel) (Table 2). The similarity percentages of 17

A-BCDM and usnic acid based on miRNA expression

profiles in breast cancer treatment are given in Table 3

and Fig. 1. The highest miRNA percentage rates are

Metformin and Usnic acid, and therefore miRNAs that

respond to two drugs have been compared. Metformin

showed 70% similarity to Gemcitabine in terms of

miRNA expression profile in breast cancer treatment,

40% similarity with Sulindac Sulfide, 30% similarity

with Curcumin, 30% similarity with Doxorobucin,

30% similarity to 5-Fluorouracil, 20% similarity with

tamoxifen and usnic acid, 10% similarity to Cisplatin

Table 1 The similarities and uniqueness of 17 anti-breast cancer drugs and usnic acid according to miRNAs

Drug name Responsible

miRNA

numbers

Only their

unique number

miRNA

Number of miRNAs

found in any other

drugs

Uniqueness

ratio (%)

Similarity

ratio (%)

Usnic acid MDA-MB-231 66 42 24 63.63 36.36

Usnic acid BT-474 16 8 8 50 50

Usnic acid MCF-7 8 7 1 87.50 12.50

Tamoxifen 10 1 9 10 90

Gemcitabine 56 13 43 23.20 76.70

Metformin 10 – 10 0 100

Curcumin 62 13 49 20.96 79.03

Sulindac Sulfide 131 53 78 40.45 59.54

Doxorubicin 39 6 33 15.38 84.61

Vincristine 1 1 – 100 0

Cisplatin 56 19 37 33.92 66.07

Fulvestrant 4 – 4 0 100

Bicalutamide 37 12 25 32.43 67.56

5-Fluorouracil 208 125 83 60.09 39.90

Paclitaxel 16 1 15 6.25 93.75

Letrozole 1 – 1 0 100

Docetaxel 20 2 18 10 90

Topotecan 12 5 7 41.66 58.33

Mitoxantrone 2 – 2 0 100

Capecitabine 2 – 2 0 100
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and 10% similarity with Bicalutamide (Table 3). Usnic

acid and 5-Fluorouracil have 13 common miRNA

expression profiles for the treatment of breast cancer

(19.69% similarity) which is the highest result

(Fig. 2). Secondly, usnic acid and sulindac sulfide

have showed 9 common miRNA profiles (13,60%

similarity). Usnic acid was demonstrated the lowest

similarity with 1 common miRNA profiles with

Tamoxifen, Fulvestrant, Paclitaxel and Docataxel

(1,51% similarity) (Fig. 2). When we compared the

chemical molecular structure of usnic acid and 17

A-BCDM, we identified 5 different groups. 1. Group:

Tertiary, secondary and primary amine group con-

taining molecules: Tamoxifen, Metformin, Topote-

can, Vincristine, Paclitaxel, Docetaxel. 2. Group:

Fluorouracil-based molecules: Fluorouracil, Capeci-

tabine and Gemcitabine. 3. Group: Sulfo or sulfone

group containing molecules: Fulvestrant, Bicalu-

tamide, Sulindac. 4. Group: Molecular structure is

completely similar to molecules: Cisplatin and Letro-

zole. 5. Group: Phenolic molecules containing Acly

group: Curcumin, Doxoruicin, Mitoxantrone. The

Curcumin molecular structure has a functional part

that is common to Usnic acid molecules, which are

likely groups that can make similar hydrogen bonds

and molecular interactions. Usnic acid and Tamoxifen

are similar in that they have radical absorber and

planar structure.

The expression profiles of miRNAs, which were

common in the treatment of breast cancer with 17

A-BCDM and usnic acid, were evaluated. After the

treatment of usnic acid, 5 miRNA expression was

down-regulated and 16 miRNA expression was upreg-

ulated (Fig. 3). The expression of mir-326 which is

down-regulated has shown similar expression profile

with other drugs. However, the expression of miR-

4668-5p, miR-574-3p, miR-574-5p and miR-3149 has

shown expression in different profile with other drugs

as down-regulated in the treatment of usnic acid

(Fig. 3). In the apply with usnic acid, only miR-1275

from 16 miRNAs that were up-regulated showed

different expression profiles with other drugs. How-

ever, the other upregulated 15 miRNA showed similar

expression profiles with 17 A-BCDM (Fig. 3).

We evaluated the study from another perspective to

identify drugs specific to miRNA. In this case,

miRNA-drug classification was achieved by identify-

ing miRNAs, which are common expression between

17 A-BCDM and usnic acid in the treatment of breastT
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cancer (Table 4). As a result, usnic acid correlated with

20 miRNA’s of 12 A-BCDM according to the data

obtained from SMIR-NBI tool. In this way, 20 classes

have created based on the same expression profile

compared with the usnic acid and 17 anti-breast cancer

drugs (Table 4). As shown in Table 4, mir-26a-5p as

one of the 20 classes was determined as common

miRNA for Tamoxifen, Gemcitabine, Metformin,

Curcumin, Sulindac sulfur and Usnic acid.

The target genes and pathways analysis

of common miRNAs between usnic acid and 17

anti-breast cancer drugs

In the treatment of breast cancer, the target gene

analysis was performed for miRNAs that were com-

mon expression between 17 A-BCDM and usnic acid.

When we considered the miRNA target gene numbers,

miRNAs, such as miR-4668-5p, miR-3149, seem to

target more than 5000 genes. The miR-4306, which

was the lowest target gene among the miRNAs, have

415 target genes. The target gene graph of the common

expression miRNAs was given in Fig. 4.

The pathway analysis of common miRNAs of 17

A-BCDM with usnic acid was determined by Tar-

getScanHuman and KEGG analysis tools. Some of the

common pathways such as apoptosis, ErbB signal

pathway, p53 signal pathway, VEGF signal pathway

belong to important pathways related to proliferation,

cell cycle and apoptosis (Table 5).

Experimental validation of tamoxifen and usnic

acid by real-time xCELLigence analysis

Tamoxifen has a low side effect, so it is widely used

for treatment of ER-positive breast cancer tumours

(White 1999). Many clinical studies determined that

because of the lack of hormone receptors in the most

aggressive subtype of breast cancer, Triple Negative

Breast Cancer (TNBC), it cannot be treated with drugs

such as Tamoxifen (Fornander et al. 1989). However,

in recent studies have revealed tamoxifen can target

not only ERa- but also estrogen receptor subtype beta

(ERb) in TNBC and determine of several ER-

independent mechanisms in ER-negative breast can-

cer cells treated with tamoxifen (Manna and Holz

2015; Huang et al. 2014). All these reasons suggest

that tamoxifen may have effect on triple negative

breast cancer. We also aimed to determine if usnic acidT
a
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is as effective as tamoxifen. Since treatment success

and survival rates for TNBC are very low, researchers

have been focusing on the development of new anti-

TNBC agents that can specifically target TNBC with

minimal impact on non-cancerous tissue in recent

years. The highest level of miRNA response after

usnic acid apply in MDA-MB-231 was necessitated

the determination of the effect of usnic acid and

tamoxifen on the triple negative cell line in this study.

The aim of this experiment is to confirm the

similarity between Tamoxifen one of the 17 A-BCDM

used in routine treatment and usnic acid at the cellular

level. TNBC cell was used in our validation study

because the highest number of miRNAs responding

after usnic acid administration was MDA-MB-231.

MCF-12A cell was used to determine the condition in

non-cancerous breast cell. The anti-proliferative effect

of usnic acid on MDA-MB-231 and MCF-12A cells

was demonstrated by XCELLigence system. Thus, the

antiproliferative effect of usnic acid, the drug candi-

date molecule, was determined by the most sensitive

and effective method.

As a result, IC50 concentrations in the MDA-MB-

231 cell line were determined for usnic acid and

tamoxifen. According to the real-time cell analysis

system performed in the triple negative cell line, the

IC50 concentration of Tamoxifen is 1.26E-05 M and

the IC50 concentration of usnic acid is 1.21E-05 M

(Fig. 5). Usnic acid showed effect on TNBC cell at

similar concentrations as tamoxifen. This result shows

us that usnic acid is a candidate molecule for the

treatment of breast cancer, in particular on TNBC

cells.

The validation of miR-26a-5p expression by qRT-

PCR

Among the usnic acid and 17 A-BCDM, miRNAs that

respond to the largest number of 5 drugs are miR-26a-

5p and miR-37a-5p. miR-26a-5p was used in our study

because it showed a similar expression profile with

tamoxifen. When the miRNA profile differentiation of

5 A-BCDM in breast cancer cell was examined, it was

determined that the expression level of miR-26a-5p
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Fig. 1 miRNA numbers and similarity rates commonly expressed between usnic acid and 17 anti-breast cancer drugs
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decreased. The expression level of miR-26a-5p was

determined for validation in MDA-MB-231 breast

cancer and MCF-12A normal cells after apply to usnic

acid. According to the results of qRT-PCR analysis in

MDA-MB-231 and MCF-12A cell lines treated with

usnic acid, the expression of mir-26a-5p was increased

by 2.12 times in normal cell when usnic acid was

applied. In the MDA-MB-231 cell line, the expression

of mir-26a-5p decreased by 1.34 times when usnic

acid was applied (Fig. 6). According to these results,

the decrease in the expression level of miR-26a-5p

was similar to that of 5 anti-cancer drugs and usnic

acid.

The cell proliferation analysis of miR-26a-5p

Real time cell analyzer results determined significant

antiproliferative effect by miR-26a-5p mimic

Tamoxifen 
(1.51 %) 

Gemcitabine 
(4.54 %)

Metformin 
(3.03 %)

Curcumin 
(9.09 %)

Sulindac 
Sulfide 

(13.60 %)

Doxorubicin 
(3.03 %)

Cisplatin 
(6.06 %)

Fulvestrant 
(1.51 %)

5-Fluorouracil 
(19.69 %)

Paclitaxel 
(1.51 %)

Docetaxel 
(1.51 %)

Fig. 2 The similarity relationship between miRNAs responding to the usnic acid and the miRNAs responding to the anti-breast cancer

drugs
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compared to the scramble control in MDA-MB-231

cell culture (Fig. 7). These findings refer that miR-

26a-5p is a potential tumor suppressor and may be

used as a potential marker in breast cancer.

Discussion

Triple negative breast cancer (TNBC) mainly demon-

strate aggressive behaviour among breast cancer cells

and have very limited option of therapy. Due to the

complexity of TNBC, there are currently no drugs can

effectively treatment option. Many anticancer drug are

toxic and side effects in cancer patients. Therefore,

there is a need to identify new approaches that do not

damage normal cells andmake it possible to determine

the activity of cancer cell-targeted drug candidate

molecules. Natural products isolated from biological

materials have provided a potential source of thera-

peutic approach for cancer treatment. A number of

in vitro studies have shown an effect of usnic acid on

inhibiting the growth of cancer cell (Dinçsoy and

Cansaran-Duman 2017; Yurdacan et al. 2019; Tanman

et al. 2019; Pyrczak-Felczykowska et al. 2019;

Venkata Mallavadhani et al. 2019). Another approach

is also that miRNAs that respond to drugs used in

cancer treatment can be used in cancer diagnosis and

treatment (Rupaimoole and Slack et al. 2017).

Preclinical studies revealed the non-toxic profile of

usnic acid and its low cost for large-volume produc-

tion. Therefore, the effect of usnic acid on breast

cancer points out that more research is needed. The

further studies and clinical trials will be merged with

the development and effective use of usnic acid as a

potential anticancer therapy. In a previous studies

determined a new role of usnic acid on the regulation

of miRNAs in breast cancer (Kılıç et al. 2019). This

down-regulated 
•miR-326* 
•miR-4668-5p 
•miR-574-3p 
•miR-574-5p 
•miR-3149 

up-regulated 
•miR-26a-5p* 
•miR-374a-5p* 
•miR-326* 
•miR-96-5p* 
•miR-21-5p* 
•miR-30c-5p* 
•miR-135b-5p* 
•miR-15a-5p* 
•miR-502-5p* 
•miR-26b-5p 
•miR-19b-3p* 
•miR-224-5p 
•miR-374b-5p 
•miR-1246* 
•miR-1275 
•miR-4306*

Fig. 3 miRNAs of 17 anti-cancer drugs and usnic acid with

similar expression levels (*: The common miRNA profiles of 17

anti-cancer drugs and usnic acid

Table 4 Classification of drugs according to miRNAs, which are common expressions between 17 anti breast cancer drugs and usnic

acid

miR-26a-5p miR-374a-5p miR-326 miR-96-5p miR-21-5p miR-30c-5p

Tamoxifen 5-Fluorouracil Gemcitabine Metformin Curcumin Curcumin

Gemcitabine Gemcitabine Usnic acid Sulindac sulfide Sulindac Sulfide Sulindac Sulfide

Metformin Cisplatin Usnic acid Doxorubicin Cisplatin

Curcumin Curcumin Cisplatin Paclitaxel

Sulindac sulfide Sulindac sulfide Fulvestrant Usnic acid

Usnic acid Usnic acid Usnic acid

miR-135b-5p miR-15a-5p miR-502-5p miR-26b-5p miR-19b-3p miR-4668-5p

Curcumin Curcumin Sulindac Sulfide Sulindac Sulfide Sulindac Sulfide Cisplatin

5-Fluorouracil Sulindac sulfide Docetaxel 5-Fluorouracil 5-Fluorouracil Usnic acid

Doxorubicin 5-Fluorouracil Usnic acid Usnic acid Usnic acid

Usnic acid Usnic acid
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study, which reveals the relationship between usnic

acid and miRNA, is the first assessment in the

literature for breast cancer treatment. Our previous

studies results demonstrated that usnic acid treatment

led to mainly altered expression of miR-4456, miR-

1908-3p, miR-6833-3p and miR-7152-5p on MDA-

MB-231 breast cancer cell. Kim et al. (2019) demon-

strated that quercetin as a natural sources, the thera-

peutic potential of quercetin on cancer by targeting

pathways and related miRNAs (Kim et al. 2019). In

this context, it has been shown that molecules of

biological origin derived from nature have regulatory

effects of miRNAs that play a role in cancerogenesis.

In this study, we aimed to compare the miRNAs

formed against the drugs used in routine treatment in

the SMiR database (https://lmmd.ecust.edu.cn/

database/smir-nbi/) and the miRNAs that respond to

usnic acid in breast cancer. Li et al. developed novel

computational tool, namely the SMiR-NBI model for

demonstrates to miRNAs and target genes profile of 17

A-BCDM for used as potential biomarkers in breast

cancer (Li et al. 2016). The common and different

miRNA profiles were evaluated to understand the

molecular characterization of drugs and usnic acid for

treatment of breast cancer. This study revealed that

usnic acid and Letrozole, Mitoxantrone, Capecitabine

and Vincristine had the most different miRNA profile

with usnic acid. The reason is that these four anti-

cancer drugs contain very few experimentally verified

miRNAs in SMiR tool. It is thought that the similarity

level is low due to the low number of miRNAs

experimentally confirmed in the SMiR Tool.

Creighton et al. developed that the software com-

putes (https://sigterms.sourceforge.net.) which
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Fig. 4 The number of target

gene of common miRNAs

between usnic acid and 17

anti-breast cancer drugs

Table 5 Pathway analysis results of miRNAs common

expressed between 17 anti-breast cancer drugs and usnic acid

KEGG pathways of common miRNA’s

hsa04012_ErbB signaling pathway

hsa04110_Cell cycle

hsa04115_p53 signaling pathway

hsa04210_Apoptosis

hsa04310_Wnt signaling pathway

hsa04510_Focal adhesion

hsa04530_Tight junction

hsa04722_Neurotrophin signaling pathway

hsa04810_Regulation of actin cytoskeleton

hsa05200_Pathways in cancer

hsa05210_Colorectal cancer

hsa05212_Pancreatic cancer

hsa05213_Endometrial cancer

hsa05214_Glioma

hsa05215_Prostate cancer

hsa05216_Thyroid cancer

hsa05211_Renal cell carcinoma

hsa05218_Melanoma

hsa05219_Bladder cancer

hsa05220_Chronic myeloid leukemia

hsa05222_Small cell lung cancer

hsa05223_Non small cell lung cancer

hsa04010_MAPK signaling pathway

hsa00982_Drug metabolism cytochrome P450

hsa03430_Mismatch repair

hsa04370_VEGF signaling pathway

hsa05221_Acute myeloid leukemia
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included results from PicTar, TargetScan, and miR-

anda algorithms for determining to implicate roles for

specific microRNAs and microRNA-regulated genes

(Creighton et al. 2008). Wen-Tsong et al. established a

web based platform and this platform can be easily

accessed at https://ppi.bioinfo.asia.edu.tw/pathway/

for cancer biology research which contain integrate

transcription factors, microRNAs, miRNA targets and

network motifs information (Hsieh et al. 2015).

Kedaigle and Fraenkel found integrative analyses tool

for determining relationships between molecules and

pathways (Kedaigle and Fraenkel 2018). Mejia-Pe-

droza et al. developed a tool that compares informa-

tion obtained from biological and pharmacological

databases containing data on pathways and drugs in

breast subtypes and disease-specific experimental

transcriptomic results (Mejia-Pedroza et al. 2018). We

chose the SMiR tool in our study because it is a

database containing small molecule drugs such as

usnic acid, a specific tool containing breast cancer data

and contains data from 17 different anti-cancer breast

cancer drugs.
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Fig. 5 The determination of antiproliferative effect for tamoxifen and usnic acid by XCELLigence assay
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The most similar anti-cancer drugs with usnic acid

are 5-Fluorouracil with 19.69% and Sulindac Sul-

fide(13,60%), while Tamoxifen, Paclitaxel and Doc-

etaxel are the least similar drugs with usnic acid.

Subsequently, we investigated similarities of usnic

acid and anti-cancer drugs at miRNA level and we

were revealed 20 common miRNAs. As a result of

study, compared with usnic acid and anti-cancer drugs

was formed 20 different category. Usnic acid has

shown the most common association with 5- Fluo-

rouracil with a similarity rate in 13 category within

these different 20 category. Thus, the most similar

drug to usnic acid in terms of miRNA characterization

is 5-fluorouracil. When we compared the chemical

molecular structure of usnic acid and 17 anti-breast

cancer drugs, we identified 5 different groups. 1.

Group: Tertiary, secondary and primary amine group

containing molecules: Tamoxifen, Metformin,

Topotecan, Vincristine, Paclitaxel, Docetaxel. 2.

Group: Fluorouracil-based molecules: Fluorouracil,

Capecitabine and Gemcitabine. 3. Group: Sulfo or

sulfone group containing molecules: Fulvestrant,

Bicalutamide, Sulindac. 4. Group: Molecular structure

is completely not similar to other molecules: Cisplatin

and Letrozole. 5. Group: Phenolic molecules contain-

ing Acyl group: Curcumin, Doxoruicin, Mitoxantrone.

Usnic acid shows structural similarity with Fluo-

rouracil anti-cancer drug with fluoracil group. Simi-

larly, the sulfo and sulfone groups of usnic acid has

common similarity with sulindac sulfate. In SMIR

tool, the reason why usnic acid shows high similarity

with Fluorouracil and sulindac sulfate may be similar

in chemical structure and functional group. The

Curcumin molecular structure has a functional part

that is common to Usnic acid molecules, which are

likely groups that can make similar hydrogen bonds

and molecular interactions. Usnic acid and Tamoxifen

are similar in that they have radical absorber and

planar structure. Shah et al. (2011) showed 5-Fluo-

rouracil significantly changes the expression level of

miRNAs. After 48 h of treatment with a 0.01 lM, 42

miRNAs were significantly expressed in MCF-7 cell.

Of these miRNAs, 23 miRNAs were up-regulated, but

19 were down-regulated (Shah et al. 2011). In this

study, the expression profiles of miRNAs co-ex-

pressed with usnic acid and 17 anti-cancer drugs were

evaluated. miR-1275 showed up-expression profile

and 16 miRNAs determined down-expressed com-

pared with miRNAs response usnic acid. However,

one of the 5 up-regulated miRNAs, mir-326 showed a

similar profile with other drugs. The common

miRNAs will provide a new perspective into cancer

chemotherapy and designing of novel anticancer

drugs.

We performed pathway analysis of miRNAs of

A-BCDM and thus we determined the pathway

analysis of miRNAs specific to breast cancer. As a

result of the pathway analysis, common pathways of

miRNAs were selected. The common pathways were

determined as apoptosis, p53 signaling, MAPK sig-

naling, drug metabolism cytochrome P450, VEGF

signaling and cell cycle pathways. The target genes of

miRNAs were also investigated. It was observed that

these miRNAs have important roles in the control of

cellular processes by targeting transcripts in the range

of 415 to 5000. Many studies indicated that usnic acid
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Fig. 6 The expression

analyses for miR-26a-5p on

MDA-MB-231 and MCF-

12A cell lines treated with

usnic acid by usnig qRT-

PCR assay. (*p\ 0.01)

(**p\ 0.001)
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inhibits growth by suppressing VEGFR-2 mediated

AKT and ERK � signaling pathways (Song et al.

2012), apoptosis and cell cycle arrest (Singh et al.

2013; Dinçsoy and Cansaran-Duman 2017). In a

previous study determined that usnic acid response

miRNAs played role in five pathways which were cell

carcinoma, neurotrophin signaling, gap junction,

Hedgehog signaling and apoptosis pathways (Kılıç
et al. 2019). According to the results, a similar

pathways was found between 17 anti-cancer drugs

and usnic acid. These results revealed usnic acid

molecule may have effected on breast cancer by the

same pathways as other 17 anti-cancer drugs.

In order to observe the effect of usnic acid on

TNBC, the antiproliferative effect of usnic acid was

performed with tamoxifen which is one of the most

used drugs in breast cancer treatment in this study. As

a result of this analysis, IC50 values for triple negative

breast cancer cells were 1.26E-05 M for tamoxifen

and 1.21E-005 M for usnic acid. Tamoxifen deter-

mined to be an effective therapeutic option for ER-

positive breast cancer, but it was also founded

response in ER-negative breast cancer in recent years

due to ERb may serve as a the steroid hormone

receptor family as predictive factor in of tamoxifen

sensitivity in TNBC (Yan et al. 2013; Manna et al.

2015). Therefore, usnic acid has been shown to be as

effective as tamoxifen which is one of the most

commonly used drugs for the treatment of TNBC.

Kim et al. evaluated the possible effects of

chemotherapeutic drug therapy on the expression

profile of miRNAs. They have determined the biolog-

ical and pharmacological potential of quercetin by

combining different data sets and increasing the use of

bioinformatics tools that include miRNA-mediated

gene editing networks (Kim et al. 2019). Thus,

functional experiments should be performed strictly

to verify the miRNAs and its targets in the further

studies. Researchers determined some of the signifi-

cantly dysregulated miRNAs and perform verification

experiments to confirm their targets and then point out

the functional role of miRNAs and the underlying

mechanisms in miRNA and breast cancer.

In addition, the expression level of miRNA was

determined by applying usnic acid on MDA-MB-231

breast cancer and MCF-12A non-cancerous epithelial

cell. We aimed to determine the gene expression of

miR-26a-5p in this study since miR-26a-5p is specific

for 5 anticancer drugs (Tamoxifen, Gemcitabine,

Metformin, Curcumin, Sulindac Sulfide) and usnic

acid. miR-26a-5p was up-regulated in cancer cells

compared to normal cells, but the level of expression

miR-26a-5p decreased in breast cancer cells by

application of usnic acid. miR-26a-5p targets impor-

tant genes such as CDK6, MYC in cell cycle process

and FOXO3 in apoptotic process. In breast cancer, 29

miRNAs were found to be different from normal cell.

For example, miR-21 and miR-155 have been found to

be over-expressed in breast tumor tissues, and the

presence of miR-195 in circulation has been poten-

tially to be an ideal breast tumor marker. Some articles

have indicated that the role of miR-26a-5p in breast

Green= control

Red= scramble

Blue= miR-26a-5p

Fig. 7 Antiproliferative effect of miR-26a-5p on MDA-MB-231 (green = control, red = scramble, blue:miR-26a-5p). Each

transfection is quantified in duplicate (p\ 0.001). (Color figure online)
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cancer. Huang et al. was reported miR-26a-5p has a

complementary role in cells proliferation, invasion

and apoptosis of rheumatoid arthritis fibroblast-like

synoviocytes (RA-FLS) (Huang et al. 2019). Lv et al.

determined snoRNAs and their host genes (SNHG6)

contributed to malignant breast cancer behaviors by

regulating miR-26a-5p/ MAPK6 (Lv et al. 2019). It

was evaluated suppression of the expression of genes

in apoptotic and cell cycle process by usnic acid and in

re-arranging the disrupted cell cycle process in the

cancer cell and directing them to apoptosis.

Conclusion

It is the most important step in the development of

miRNA-based therapeutics to identify the best

miRNA candidates or miRNA targets for cancer

disease. Experimental results can be supported by

data from bioinformatics tools and the role of miRNA

therapeutics in therapy can be activated. It is clear that

usnic acid has potential in the treatment of breast

cancer. As an alternative to drugs used in routine

treatment, the effect of usnic acid and usnic acid

response miRNAs in breast cancer should be sup-

ported by further research.
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Tanman Ü, Yangın S, Cansaran-Duman D (2019) Determina-

tion of dysregulated mirna expression levels by qRT-pcr

after the application of usnic acid to breast cancer. Anti-

cancer Agents Med Chem 19

van Rooij E, Purcell A, Levin A (2012) Developing MicroRNA

therapeutics. Circ Res 110:496–507

Venkata Mallavadhani U, Vanga N, Balabhaskara Rao K, Jain N

(2019) Synthesis and antiproliferative activity of novel

(?)- usnic acid analogues. J Asian Nat Prod Res 1–16

Weigelt B, Reis-Filho J (2009) Histological and molecular types

of breast cancer: is there a unifying taxonomy? Nat Rev

Clin Oncol 6:718–730

White I (1999) The tamoxifen dilemma. Carcinogenesis

20:1153–1160

Yan Y, Li X, Blanchard A, Bramwell V, Pritchard K, Tu D,

Shepherd L, Myal Y, Penner C, Watson P, Leygue E,

Murphy L (2013) Expression of both Estrogen Receptor-

beta 1 (ER-b1) and its co-regulator Steroid Receptor RNA

Activator Protein (SRAP) are predictive for benefit from

tamoxifen therapy in patients with Estrogen Receptor-al-

pha (ER-a)-Negative Early Breast Cancer (EBC). Ann

Oncol 24:1986–1993
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