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ABSTRACT
The development of resistance towards chemotherapeutic drugs has become an obstacle in treatment of cancer. Ankaferd Hemostat
[ABS] has shown to suppress the proliferation of melanoma cells, but little is known about its’ mechanism. In this study, we demonstrate that ABS can make some melanoma cell lines such as A2058 more sensitive towards etoposide by altering the genes involved
in oxidative phosphorylation [OXPHOS] pathway. ABS treatment has shown to increase the sensitivity of A2058 towards etoposide
and showed no effect for SK-MEL-5. Previously known to be more resistant to etoposide, SK-MEL-30 showed least amount of sensitivity to ABS. We found mitochondrion cluster to be the most relevant to genes altered by ABS. To validate our claim, we compared
two sets of melanoma cell lines; A375 with A2058 and A375 with SK-MEL-2. The clusters that we obtained from A375 and A2058
comparison did contain mitochondrial related clusters, their corresponding p value was not significant. Whereas, the clusters from
A375 and SK-MEL-2 comparison contain 72 genes in ‘oxidoreductase’ cluster with enrichment score of 2.52. To get insight of the
oxidoreductase cluster, we put the genes in that cluster to Enrichr. We found that majority of the genes among oxidoreductase cluster
participate in oxidative phosphorylation and electron transport chain. Our study suggests that the use of ABS prior to etoposide treatment can increase the response of melanoma cell lines because of the alteration of OXPHOS genes.
Keywords: Ankaferd hemostat, Etoposide, Oxidative phosphorylation, Melanoma, Drug sensitivity
ÖZET
Ankaferd Hemostat’ın Malign Melanom Hücrelerinde Etoposit Direncine Etkisi
Kemoterapötik ilaçlara karşı direnç gelişimi, kanser tedavisinde bir engel haline gelmiştir. Ankaferd Hemostat’ın (ABS), melanom
hücrelerinin proliferasyonunu baskıladığı gösterilmiştir; ancak mekanizması hakkında çok az şey bilinmektedir. Bu çalışmada, ABS’nin
oksidatif fosforilasyon (OXPHOS) yolağında yer alan genleri değiştirerek, A2058 gibi bazı melanom hücre dizilerini etoposide karşı daha
duyarlı hale getirilebileceğini gösterdik. Bu çalışmada, ABS tedavisinin A2058’in etoposide duyarlılığını arttırdığı gösterildi, ancak SKMEL-5 için herhangi bir etki gösterilemedi. Daha önce etoposide daha dirençli olduğu bilinen SK-MEL-30, bizim çalışmamızda ABS’ye
karşı en az hassasiyet gösterdi. Analizimiz sonucunda, mitokondri kümelerinin ABS tarafından değiştirilen genlerle ilişkili olduğunu
gördük. İddiamızı doğrulamak için iki set melanom hücre çizgisini (A375’i A2058 ile ve A375’i SK-MEL-2 ile) karşılaştırdık. A375 ve
A2058 karşılaştırmasından elde ettiğimiz kümeler mitokondriyal ilişkili kümeler içermekteydi, ancak p değerleri anlamlı değildi. Öte yandan, A375 ve SK-MEL-2 karşılaştırmasından elde edilen kümeler, 2.52 zenginleştirme skoruna sahip ‘oksidoredüktaz’ kümesinde 72
gen içermekteydi. Oksidoredüktaz kümesini analiz etmek için, bu kümedeki genleri Enrichr’e koyduk. Oksidoredüktaz kümesi içindeki
genlerin çoğunun oksidatif fosforilasyona ve elektron taşıma zincirine katıldığını bulduk. Sonuç olarak bu çalışma, etoposit tedavisinden
önce ABS kullanımının, OXPHOS genlerinin değişmesi nedeniyle melanom hücre çizgilerinin tepkisini artırabileceğini öne sürmektedir.
Anahtar Kelimeler: Ankaferd hemostat, Etoposit, Oksidatif fosforilasyon, Melanom, İlaç duyarlılığı
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INTRODUCTION
Ankaferd Hemostat (ABS) is a drug composed
of five different plant extracts.1,2 It is commonly
used as a blood stopper.1-3 There are several studies suggesting that ABS is an effective antibacterial
agent.4,5 Moreover, studies have shown that ABS
stops the proliferation of cancer cells and cell lines,
specifically malignant melanoma.6,7 Melanoma is
caused by over proliferation of melanocytes,8 which
are known to produce melanin.9 Malignant melanoma is known as the most aggressive skin cancer
type with the highest amount of deaths among the
types of melanomas.10 The primary reason for melanoma being such a deadly disease is the resistance
towards known chemotherapy drugs.11
Compared to normal cells, cancer cells have up
regulated glycolysis that results in high consumption of glucose and high lactate production.12 Most
of the times, cancer cells exhibit Warburg effect
that states the dependence of cancer cells on glycolysis and lactic acid fermentation as the primary
source of ATP production.13 With regard to Warburg effect, it was conceived that Oxidative phosphorylation [OXPHOS] is down regulated in cancer cells.14 Although, it is true for many types of
cancers, new studies indicate that OXPHOS genes
can be up regulated in some cancers such as lymphomas, leukemias, endometrial carcinoma and
pancreatic ductal adenocarcinoma.15 During carcinogenesis, a significant level of OXPHOS genes
is maintained in the cancer cells that allow the cells
to switch from glycolysis to OXPHOS.16 Recently,
Vellinga and colleagues have reported an increase
in the OXPHOS level of the patients treated with
chemotherapy.17 The demand for ATP is significantly increased when chemotherapy is administered as the enzymes involved in DNA repair, drug
detoxification and drug efflux need ATP to function.18,19 Since, the main feature of the chemotherapeutic drug is to create lesions in the DNA that
results in apoptosis,20,21 DNA repair plays a critical
role in drug resistance of cancer cells administered
with DNA damaging drugs.22
DNA topoisomerase II is the target enzyme for
etoposide.23 DNA topoisomerase II unwinds the
DNA during DNA replication.24 DNA topoisomerase II expression is known to be a predictive mark44

er for cancer which makes it a suitable target for
chemotherapeutic drugs.25 Previously, it has been
shown that the expression level of topoisomerase
II is essential for cancer cells to acquire resistance
against topoisomerase II inhibitors such as etoposide.26 In this study, we hypothesize that ABS alters the drug resistance of melanoma cell lines and
makes them more sensitive towards etoposide. Our
study demonstrates that alterations in basal expression level of OXPHOS can lead to drug resistance
in melanoma, which could be overcome by ABS
treatment.
MATERIALS AND METHODS
Determination of the Association Between
Melanoma and Etoposide Resistance
We used © 2018 Tableau Software for the selection of cancer drug to be used in this study. Tableau
software is a tool that uses the data from Genomics
of Drug Sensitivity in Cancer to show the association between cancer drugs and gene expression for
any particular type of cancer. The p-value we used
for this study is 0.05. Spearman’s rank correlation
coefficients are calculated by the tool. Red color
indicates positive correlation; green color indicates
negative correlation between the expression of the
respective gene and the IC50 value of the selected
drug. A negative correlation suggests that the drug
is more effective when the gene expression is high
whereas, a positive correlation indicates that the
drug is less effective when that gene is expressed.27
Cell Culture
A2058 [ATCC® CRL-11147™], SKMEL9
[CVCL_U934], SKMEL-5 [ATCC® HTB-70™]
and SKMEL-30 [CVCL_0039] cell lines were
grown in 75 cm2 flask until confluency in Dulbecco’s Modified Eagle’s Medium [Corning, catalogue # 10-017-CV] supplemented with 10% Fetal
Bovine Serum [Corning, catalogue # 35-015-CV]
Cultures were incubated at 370C and 5% carbon
dioxide. When cells were at confluency, they were
seeded to 4 different 75 cm2 flask. Flasks were
treated with media containing 0, 0.1 and 0.05%
ABS, respectively. Cells were incubated with
etoposide for 72 hours prior to other experiments.
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Figure 1. A. The graph represents the IC50 values of the cell lines for Etoposide upon ABS treatment p< 0.05. B. Etoposide is the
drug that is The differentially expressed genes after ABS treatment as are put into the Tableau Software and 5 different cancer drug
types are compared according to their GDSC Spearman Rho score. Only the data with p< 0.05 were used. Red and green colors
show positive and negative correlation respectively between the gene expressions and drug resistance.

Cell Viability Assay
After 72 hours of incubation with ABS, the cells
were washed, detached by Trypsin [Corning, catalogue # 25-052-CI] and seeded to 96 well plates
[Corning® 96 Well TC-Treated Microplates catalogue # CLS3997]. For each concentration of ABS,
24 wells were seeded. Cells were treated with
20 µM, 10 µM, 5 µM, 2.5 µM, 1.25 µM, 0.625
µM, 1.3125 µM and 0 µM Etoposide diluted with
DMEM. Each concentration was performed as 3
replicates. The cells were incubated with different
Etoposide concentration for 72 hours. CellTiterGlo® [Promega, catalogue # G7570] was performed
to assess the effect of Etoposide upon ABS treatment according to the manufacturer’s manual.28
Calculation of Half Maximal Inhibitory
Concentration
The percent viability for each well was calculated
on Microsoft Excel 2016 using the data collected
by the plate reader after CellTiterGlo® was performed. Log [IC50] values for each trial and each
concentration were calculated using Six Model
Analysis algorithm developed by our lab on R
3.1.1. In this method, 6 different IC50 values were
generated and IC50 value which is generated with
the lowest error was selected to find the most reliable IC50 value for the respective trial. Two Tailed
Student’s T-test was performed to calculate the p-
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values to assess the significance of the difference
in IC50 values. The p-values were calculated and
Figure 1A was generated on GraphPad Prism 7.0.
Acquisition and Analysis of Microarray
Datasets
We selected five studies in total [accession number: GSE8332, GSE7153, GSE57083, GSE51115
and GSE32474] as listed in Table 1 to find the differentially expressed genes between five different
melanoma cell lines: A2058, A375, SK-MEL-2,
SK-MEL-5 and SK-MEL-30. The datasets we
chose to work with were untreated samples and we
compared samples from multiple studies that had
common microarray platforms. In case when the
number of samples for a cell line was less than 2,
we grouped different studies that utilized the same
microarray platform and performed the analysis.
We grouped GSE8332, GSE7153 and GSE57083
together and compared it with GSE32474 to determine the differentially expressed genes between A2058 and SK-MEL-5. We used the study
GSE51115 to find differentially expressed genes
between A2058 and SK-MEL-30, A375 and SKMEL-2, A375 and A2058. For each comparison,
the samples were normalized using Robust MultiArray [RMA] function on R 3.5.1. To find the most
significant differentially expressed genes, a Two
Tailed Student’s T-Test was performed and genes
45
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Table 1. Gene set enrichment analysis results for A2058, SKMEL5 and SKMEL30
Cluster

Number of Genes

%

p-Value

Enrichment Score

Metal-binding

365

20.4025

3.90E-05

2.43

Mitochondrion

127

7.09894

2.53E-04

2.15

Basement membrane

11

0.61487

0.00128

2.39

Cell junction

90

5.03074

8.75E-06

2.24

The table represents the clusters of genes that are selected upon GSEA using DAVID. The analysis is done with the genes that are
differentially expressed in A2058 compared to both SKMEL5 and SKMEL30. Enrichment score, p-value and number of genes in the
cluster are taken into account for the selection.

with p value less than 0.01 were chosen for further
analysis.
Functional Analysis of the Differentially
Expressed Genes
We used DAVID 6.8 for Gene Set Enrichment
Analysis. Clusters utilized were selected based
upon p-values and enrichment scores calculated
by DAVID.29 We used STRING 10.5 to see the
associations between the proteins of interest. The
edges represent co-expression and co-occurrence
of the proteins.30 We used Enrichr to determine the
molecular functions of the genes which we were
interested in. We obtained two different visual
representations of the molecular functions by this
enrichment analysis tool. We used the clusters determined by Enrichr based on the data provided by
Gene Ontology Consortium.31
RESULTS
Upon ABS treatment, 2 out of 4 cell lines acquired
etoposide sensitivity compared to control samples
[Fig. 1A]. Even though both A2058 and SK-MEL-9
seem to be affected by ABS, due to unavailability of data on SK-MEL-9, we proceeded to our
analysis with A2058 and compared it to the other
two cell lines that are not affected by ABS. ABS
treatment has shown to increase the sensitivity of
A2058 towards etoposide and showed no effect for
SK-MEL-5 (Figure 1A). Previously known to be
more resistant to etoposide, SK-MEL-30 showed
least amount of sensitivity to ABS (Figure 1A). We
performed head to head comparison of melanoma
46

cell lines to each other i.e A2058 with SK-MEL-5
and A2058 with SK-MEL-30; to elucidate if the
differentially expressed genes could be the cause
of difference in response to ABS in these cell lines.
The GEO datasets being used in our study contain
data from different platforms hence; we decided
to compare the datasets with common platform to
each other to prevent any loss of information.
We put all the genes that were differentially expressed between A2058 and SK-MEL-5 together
with A2058 and SK-MEL-30 to DAVID and performed Gene Set Enrichment Analysis (GSEA).
As a result, we found clusters of genes with different enrichment score and their corresponding p
values (Table 2). To see the association between
the genes, we put all the genes from each cluster in Table 2 and the gene list from the previous
study to STRING. We found mitochondrion cluster
to be the most relevant to genes altered by ABS
(Figure 2). We think that the network between the
mitochondrion cluster and the gene list might be
the indication of ABS having a significant role in
acquiring sensitivity for etoposide. From the mitochondrion cluster, we took the genes which were
co-expressed and co-occurred with the genes in the
list from the previous study and found their common biological function using Enrichr (Figure 3).
The result indicates that these genes are mostly related to oxidative phosphorylation, ATP synthesis
and electron transport chain.
To validate our claim on mitochondrial cluster being responsible for variable sensitivities in melanoma cell lines, we decided to do a comparison
between two sets of melanoma cell lines; A375
with A2058 and A375 with SK-MEL-2. We expect
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Table 2. Gene set enrichment analysis results for A375 and A2058. GSEA was performed using DAVID database to obtain the
clusters from differentially expressed genes between A375 and A2058
Cluster

Count

%

p-Value

Enrichment Score

Glycoprotein

507

28.40336

3.49E-12

9.99

Transmembrane region

478

26.77871

0.018175

2.51

Cell junction

84

4.705882

4.57E-04

1.91

Immunity

75

4.201681

2.07E-06

3.18

Extracellular matrix

39

2.184874

6.50E-04

3.94

MHC II

11

0.616246

2.22E-07

3.54

Oxidoreductase activity, acting on

8

0.448179

0.287637

0.59

7

0.392157

0.04476

0.75

6

0.336134

0.061363

0.93

Electron transport

6

0.336134

0.958857

0.01

Respiratory chain

3

0.168067

0.975188

0.01

paired donors, with incorporation
or reduction of molecular oxygen
Positive regulation of release of
cytochrome c from mitochondria
Release of cytochrome c from
mitochondria

to see mitochondrial genes being differentially expressed between A2058 and SK-MEL-2 as their
IC50 values are different. Whereas, we do not expect to see any differentially expressed mitochondria related genes between A2058 and A375. We
used the GEO dataset to find the differentially expressed genes between the two sets of melanoma
cell lines mentioned above. The most significant
differentially expressed genes with the p value less
than 0.01 from both sets were put into DAVID for
GSEA, separately. Although, the clusters that we
obtained from A375 and A2058 comparison did
contain mitochondrial related clusters, their corresponding p value was not significant (Table 3).
Whereas, the clusters from A375 and SK-MEL-2
comparison contain 72 genes in ‘oxidoreductase’
cluster with enrichment score of 2.52 (Table 4). To
get insight of the oxidoreductase cluster, we put the
genes in that cluster to Enrichr. We found that majority of the genes among oxidoreductase cluster
participate in oxidative phosphorylation and electron transport chain (Figure 4). Since, there were
no significant mitochondrial related clusters when
the differentially expressed genes between A375
and A2058 were put onto DAVID, we believe that
one reason could be the difference in etoposide
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sensitivity of these respective cell lines. We think
that oxidative phosphorylation genes are differentially expressed when the etoposide resistance is
different between two cell lines.
DISCUSSION
There are many studies showing the anti-cancer effect of Ankaferd Hemostat.1,6,7,32 Even though many
cancer types are known to be affected by ABS, we
decided to use melanoma cell lines in our study.
Since ABS is a blood stopper,1-3 we think that it is
more important to find an association between ABS
and melanoma. If such a relation can be deduced,
its future applications would be more conveniently
designed compared to any association between
ABS and any other cancer type. To elucidate the
effect of ABS treatment, we obtained the gene list
from a previous study by Haznedaroglu et al.33
which contains all the genes that are altered upon
ABS treatment for two colon cancer cell lines. We
used an online tool, Tableau Software, to determine which drug would be more suitable to test the
efficacy of ABS treatment of melanoma cell lines.
We uploaded the gene list from Haznedaroglu et
47

International Journal of Hematology and Oncology

Figure 2. Interactions between the genes in the mitochondrion cluster which was obtained after GSEA and the genes that are differentially expressed upon ABS treatment. The interactions are depicted based on co-expression and co-occurrence of the genes
through STRING database. The nodes that are not connected to other nodes are not shown. The red halos represent the ABS related
genes and blue halos represent the genes in the mitochondrion cluster.

al.33 and chose five commonly used cancer drugs to
see the relationship between the proteins that have
altered their level upon ABS treatment and the cancer drugs. Although, etoposide is not a melanoma
drug, it has an influence on more genes than other
common cancer drugs (Figure 1B). Hence, we decided to use etoposide and hypothesized that ABS

might have an effect on etoposide resistance of
melanoma cell lines.
Before setting up our ABS doses in our cell lines,
we have examined the study published by Turk et
al. which showed no significant decrease in the viability of melanoma cells when treated with concen-

Table 3. Gene set enrichment analysis results for A375 and SKMEL2. The genes that are differentially expressed between A375
and SKMEL2 were analyzed through DAVID. The clusters with highest enrichment score, gene number; and the lowest p-value are
shown.
Cluster

Count

%

p-Value

Enrichment Score

Signal peptide

429

23.85984

9.46E-19

8.5

Oxidation-reduction process

79

4.393771

0.002141

2.52

Oxidoreductase

72

4.004449

0.00164

2.52

Immunity

74

4.115684

4.97E-06

2.84

Cell-cell adherens junction

48

2.669633

0.001267

1.92

Antiviral defense

26

1.446051

1.39E-05

3.91
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Table 4. The GEO datasets used for Gene Set Enrichment Analysis. The microarray datasets that are processed and used for
GSEA are shown for each cell line.
GEO accession

Cell line

Number of

Sample

Samples

GSE8332

A2058

GSE7153
GSE57083
GSE51115

no

GSE32474

Platform		

Reference

1

Affymetrix Human Genome U133 Plus 2.0 Array

58

A2058

1

Affymetrix Human Genome U133 Plus 2.0 Array

59

A2058

1

Affymetrix Human Genome U133 Plus 2.0 Array

60

A375, A2058, 		

Agilent-028004 SurePrint G3 Human GE 8x60K

36

SKMEL2, SKMEL30

2, 2, 2, 2

SKMEL5

3

trations lower than 0.39% of ABS.7 For our study,
we chose to work with 0.1%, 0.05% and 0% ABS
to ensure that the viability of melanoma cells is not
affected by ABS treatment. In our study the viability of melanoma cells maintained successfully with
these doses.
In the literature it was shown that SK-MEL-30 cell
line is shown to be resistant to etoposide.34,35 Interestingly, in our study SK-MEL-30 showed least
amount of sensitivity to ABS. As stated in previously published studies, the IC50 values for A375,
A2058 and SK-MEL-2 are 0.664 µM, 0.484 µM
and 22.6 µM, respectively.34,35 Therefore, the mitochondrial gene expressions of these cell lines
were expected to be different. In our study, the dif-

Microarray
Affymetrix Human Genome U133 Plus 2.0 Array

57

ference between mitochondrial gene expressions
of A375 and A2058 was not significant whereas
A375 and SK-MEL-2 mitochondrial gene expression comparison was significant. We have used the
GEO dataset from a study conducted by Litvin et
al. during the comparison of A375, A2058 and SKMEL-2 cell lines.36
After our literature search, we saw a correlation between the expression of OXPHOS genes and drug
sensitivity in many different types of cancer.15,37,38
Cancer cells reduce their OXPHOS gene expression which reduces the amount of reactive oxygen
species (ROS) being produced. Thus, it lowers the
amount of damage to these cells.39,40 However, the
opposite effect can be observed in other types of

Figure 3. Biological functions of the genes that are in the mitochondrion cluster. The genes that are in the mitochondrion cluster
after GSEA are analyzed through Enrichr, and 20 most common biological functions of these genes are shown. Only the data with
p-value less than 0.05 are shown.

UHOD

Number: 1 Volume: 30 Year: 2020

49

International Journal of Hematology and Oncology
cells towards BRAF inhibitors.48-51 Moreover, it
has been shown that in melanoma, especially the
OXPHOS genes have crucial functions in regulating the drug resistance.52 Based on all these studies
and our results, we think that alterations in OXPHOS genes in melanoma cells can be related to
etoposide resistance.

Figure 4. Molecular functions of the genes in the oxidoreductase cluster. Molecular function analysis was done by Enrichr
for the genes that are in the oxidoreductase cluster after
performing GSEA for differentially expressed genes between
A375 and SKMEL2. The data taken from Enrichr are based
on Gene Ontology Consortium 2018 and have a p-value less
than 0.05.

cancer. For example, studies on acute myeloid leukemia (AML) show that AML stem cells rely on
OXPHOS more when they are chemotherapy resistant. When the genes are altered to reduce OXPHOS, AML stem cells are more sensitive towards
chemotherapy drugs.15,41 Another study on AML
suggests that chemo resistance can be induced by
changes in OXPHOS and mitochondrial metabolism.42 In prostate and colon cancer, increase in
OXPHOS promotes cancer cell survival by making them more drug resistant.17,43 Furthermore,
OXPHOS has been suggested to be associated with
etoposide-induced cell death, specifically in colon
and prostate cancer.44
The consensus is that the change in OXPHOS levels can affect the sensitivity of cancer cells towards
chemotherapy drugs. The same phenomenon can
be observed for melanoma cells as well. Many
studies suggest the presence of a relationship between mitochondria function and drug sensitivity
in Melanoma.45,46 Melanoma cells have been studied as two different groups and this classification
is done due to the differences between OXPHOS
level as well as its correlation with drug resistance
and clinical outcomes.47,48 The increase in mitochondrial mass and capacity is known to be associated with developing resistance in melanoma
50

From the list of drugs on Genomics of Drug Sensitivities in Cancers (GDSC), etoposide was chosen
as it affects the most number of genes from the gene
list provided in Haznedaroglu et al.33 Although, the
genes provided in Haznedaroglu et al.33 are the
differentially expressed upon ABS treatment in
colon cancer. Our data shows that these genes interact directly or indirectly with genes in OXPHOS
pathway and electron transport chain. Hence, it is
possible that ABS treatment alters the expression
of genes published in Haznedaroglu et al.33 which
affects OXPHOS pathway gene expression. As a
result, the sensitivity of particular melanoma cell
lines towards etoposide increases.
Experimental tumor models of preclinical setting for the anticancer drug target discovery and
validation shall follow distinct strategies.53 Experimental methods include assessing in vivo effects
on tumor growth kinetics in transplanted tumors,
engineered through gain-of-function by overexpressing transgene or knock-in or loss-of-function
by gene silencing using knockdown or knockout,
mutation via mutagenesis procedures, using genetically engineered mouse models and/or patientderived xenografts resembling patient genetics
and histopathology in order to describe specific
pharmacology protocols in numerous cancer modeling stages.53 RNAi-mediated knockdown of YY1
in cancer cells significantly decreased ATP6V1A
mRNA and protein expression, while YY1 overexpression increased ATP6V1A expression level.54
YY1 is a transcription factor enhanced by Ankaferd hemostat (ABS).55 ABS has the potential to affect iron-regulated genomics as well.56 Therefore,
performing knock-down and over-expression experiments to test connections with etoposide/ABS
treatment and further in vivo validation of the present research findings could lead to future potential
mechanistic and clinical implications of ABS in
human tumors. It is hoped that our present study
represents a seminal catalytic spark for those kinds
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of experimental and clinical future scientific work.
To conclude, our study utilizes microarray data
from several other studies for the extraction of
differentially expressed genes between different
melanoma cell lines. Some studies contained only
one sample for the respective melanoma cell line
therefore; many studies had to be combined that
utilized the same microarray platform to perform
the analysis. For future studies, RNAseq could be
used to identify specific mitochondrial genes and
genes in the OXPHOS pathway to circumvent the
limitations of microarray chips. Furthermore, other
types of cancers should be tested for efficacy of
ABS in making the cancer cells less resistant to
chemotherapy. All in all, ABS makes melanoma
cells especially A2058 more sensitive towards
etoposide by altering the basal expression level of
genes involved in OXPHOS pathway and electron
transport chain, which can be used as a therapeutic
approach in the future.
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