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Introduction

Among all cancers, the most common and life-threatening cancer in 
women is breast invasive carcinoma (BRCA) (1). Another type of cancer 
that affects women’s lives is gynecological reproductive system cancers. 

Although gynecological reproductive system cancers such as ovarian 
serous cystadenocarcinoma (OV), cervical squamous cell carcinoma 
(CESC) and uterine corpus endometrial carcinoma (UCEC) are not 
as common as breast cancer, they also threaten women’s lives with 
increasing death rates (2). There are common risk factors (genetic 
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Key Points

• 	 The aim of the study is to determine the genes commonly expressed in both breast and gynaecological cancers and to identify the common hub genes 
and drug components. 

In our study,

• 	 Primarily, the RecQ Like Helicase 4 and Family with Sequence Similarity 13 Member C genes were found to be similarly expressed in breast cancer and 
gynaecological cancers. 

• 	 Secondly, as a result of Drug.MATADOR analysis with hub genes, we have determined these gene/drug interactions such as NBN (targeted by 
Hydroxyurea), EP300 (targeted by Acetylcarnitine), and MAPK14 (targeted by Salicylate and Dibutyryl cyclic AMP). 

• 	 The drugs associated with hub genes determined in our study are not drugs routinely used drugs in cancer treatment. 

• 	 In summary, we offer the opportunity to identify the target genes of drugs used in breast and gynaecological cancers with the drug repurposing 
approach which is a novelty of our study. It brings together two women's cancer groups (breast and gynaecological cancers) that have not been clinically 
targeted in the literature and clinic and suggests common genes and new candidate drugs/therapeutics.

ABSTRACT

Objective: The prevalence of breast cancer and gynaecological cancers is high, and these cancer types can occur consecutively as secondary cancers. The 
aim of our study is to determine the genes commonly expressed in these cancers and to identify the common hub genes and drug components.

Materials and Methods: Gene intensity values of breast cancer, gynaecological cancers such as cervical, ovarian and endometrial cancers were used 
from the Gene Expression Omnibus database Affymetrix Human Genome U133 Plus 2.0 Array project. Using the linear modelling method included in 
the R LIMMA package, genes that differ between healthy individuals and cancer patients were identified. Hub genes were determined using cytoHubba in 
Cytoscape program. “ShinyGo 0.80” tool was used to determine the disease-specific biological KEGG pathways. Drug.MATADOR from the ShinyGo 0.80 
tool was used to predict drug-target relationships.

Results: The RecQ Like Helicase 4 and Family with Sequence Similarity 13 Member C genes were found to be similarly expressed in breast cancer and 
gynaecological cancers. Upon KEGG pathway analyses with hub genes, Drug.MATADOR analysis with hub genes related to cancer related pathways 
was performed. We have determined these gene/drug interactions: NBN (targeted by Hydroxyurea), EP300 (targeted by Acetylcarnitine) and MAPK14 
(targeted by Salicylate and Dibutyryl cyclic AMP). 

Conclusion: The drugs associated with hub genes determined in our study are not routinely used in cancer treatment. Our study offers the opportunity 
to identify the target genes of drugs used in breast and gynaecological cancers with the drug repurposing approach.
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predispositions, hormonal interactions, lifestyle factors) that trigger 
breast and gynecological cancers, which affect the mammary gland 
and female reproductive organs, respectively (3). For this reason, the 
probability of multiple primary cancers in the same breast cancer 
patient is up to %16 higher in women-related cancers due to common 
triggering factors and genetic predispositions. For example, a history 
of breast cancer has been shown to be a risk for the development of 
women’s cancers. Additionally, the incidence of gynecological cancers 
is high in a woman with primary breast cancer (3, 4). 

Due to the common biological and genetic mechanisms between 
breast cancer and gynecological cancers, we tried to identify the genes 
that are commonly upregulated or downregulated in these cancers 
through bioinformatic analysis using multiple and independent 
patient groups. Based on commonly expressed genes, hub genes were 
identified and drug components that could target these hub genes were 
tried to be predicted. According to our knowledge, any bioinformatics-
based study has been found in which similarly expressed genes were 
detected using microarray data from both breast cancer patients and 
gynecological cancer patients. RecQ Like Helicase 4 (RECQL4) and 
Family with Sequence Similarity 13 Member C (FAM13C) genes were 
detected as commonly expressed genes in gynecological and breast 
cancer patients. 

RECQL4 and FAM13C genes were detected as commonly expressed 
genes in both gynecological and breast cancer patients in our study. 
RECQ genes encodes helicase enzymes that play roles in the DNA 
damage response. It has been summarized that expression level 
differences in the RECQL4 gene, among other genes belonging to 
this family, play a role in the development of breast and gynecological 
cancers (5). It has been summarized that expression level differences 
in the RECQL4 gene, among other genes belonging to this family, 
play a role in the development of breast and gynecological cancers (5-
8). In addition, cross-sectional studies in patients with cervical cancer 
showed that the RECQL4 gene was upregulated in tumour tissue (5, 
9), while in a retrospective study, researchers found that the RECQL4 
gene was similarly expressed at higher levels in tissues of ovarian cancer 
patients than in normal tissue (5, 10).

The FAM13C gene, which was found to be downregulated in all cancer 
types in our study, is a gene belonging to the FAM family. Although 
the current literature shows that the FAM13C gene is downregulated 
in cervical and ovarian cancer patients compared to normal tissue (11-
13), when the content of the studies is examined, it is seen that there is 
no study directly targeting the FAM13C gene. In addition, a study on 
endometrial cancers is the only study conducted on direct FAM genes 
to date, and as a result of bioinformatic analysis, it is emphasized that a 
group of FAM family genes, including FAM13C, may be an important 
prognostic marker in UCEC patients (14).There have been no studies 
in which the RECQL4 (upregulated) and FAM13C (downregulated) 
genes were simultaneously marked, and the common hub genes and 
possible drug-target components were attempted to be predicted in 
both breast cancer and all gynecological cancers (ovarian, endometrial 
and cervical). In this respect, our study has unique value.

Materials and Methods

Data Acquisition and Data Processing 

Gene intensity values for BRCA (GSE42568, GSE20685, GSE54002), 
gynecological cancers such as CESC (GSE63514, GSE5787), OV 

(GSE54388, GSE14407, GSE27651) and UCEC (GSE17025) 
were obtained from the Affymetrix Human Genome U133 Plus 2.0 
Array [HG-U133_Plus_2] project (https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GPL570). GPL570 platform was used with 
54.675 probes per patient in the Gene Expression Omnibus (GEO) 
database (15-23). Robust results were ensured by using independent 
and multiple datasets available for each cancer type. Gene intensity 
values of 17 healthy individuals (from GSE42568) and 24 healthy 
individuals (from GSE63514) were used as the control for gene 
intensities of breast and cervical cancer patients, respectively (24, 25). 
The data containing patient gene intensity data used in our study was 
selected from the data contained in the GPL570 platform in the NCBI 
GEO database because it is the platform with the highest number of 
probes per patient. We also aimed to include the highest number of 
patients as possible.

Statistical Analysis 

Raw data of all datasets in the CEL format for each cancer type were 
utilized. Background correction and “Robust Multi-Array Average” 
normalization using the “oligo” package was done with the help 
of the Bioconductor R program (https://support.bioconductor.
org/p/9148353/). The linear modelling method in the R LIMMA 
(version 4.3.1.) package was used separately for all datasets (https://
www.bioconductor.org/packages/release/bioc/html/limma.html). 
By doing this, genes that show different gene expression (DEG) 
levels, either upregulated or downregulated when comparing healthy 
individuals and cancer patients were identified (26-28). To control the 
false discovery rate (FDR), The Benjamini-Hochberg method was used 
(29). Log2FC≥1 and log2FC≤−1 were accepted for the upregulation 
and downregulation of mRNA expression, respectively. The p-value 
was accepted as <0.05 for statistical significance. 

Determination of Hub Genes and Protein-Protein Interactions 
(PPI) Network  

After identifying DEG of interest, hub genes were investigated using 
the cytoHubba (30) program, which also identify important nodes 
and subnetworks of protein structures in the Cytoscape (31) program, 
an open-source software platform used to visualize complex molecular 
protein-protein interaction networks and integrate them with chosen 
attribute data. BioGRID 4.4 database was used to list the proteins 
interacting with RECQL4 and FAM13C genes (32).

Gene Enrichment Analysis of Hub Genes

“ShinyGo 0.80” (known as a graphical gene-set enrichment tool for 
animals and plants) web-based tool was used to determine the disease 
specific functional biological pathways addressed by hub genes by 
selecting the “KEGG” pathway option (33). Furthermore, “ShinyGo 
0.80” program was also utilized for gene annotations and probes that 
were not associated with any gene and were designated as NA were 
removed from the list. FDR cut-off was accepted as “0.05”. 

Predicted Drug-Target Interaction of Hub Genes

Drug.MATADOR, included in the ShinyGo 0.80 online tool, is used 
to predict drug-target relationships. MATADOR is a database used for 
predicting the interactions between proteins and chemicals. It is also a 
manually annotated list of relationships between protein products of 
such genes and chemicals (http://matador.embl.de) (34). In our study, 
this tool was used to predict the new candidate drug components. 
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Ethics Committee Approval

Publicly available data sets were utilized. Therefore, no approval from 
the ethics committee was required. Publicly available data sets were 
utilized. Therefore, patient consent was not required.

Results 

The overall aim of our study was to determine the common DEGs 
between gynecological and breast cancers, which are women’s cancers 
that can trigger each other in the clinic and have high hormonal 
interactions. Furthermore, we also aimed to determine hub genes that 
show gene interaction networks with defined DEGs. The final goal of 
the study was to determine which biological pathways that identified 
hub genes indicate and which drug-target interactions they address. 
Based on this purpose, firstly, genes commonly expressed in both 
BRCA, and all gynecological cancers were obtained. Furthermore, 
hub genes were identified, the biological pathways they indicate were 
determined, and predicted drug-target interactions were addressed 
(Figure 1). 

Determination of Common DEGs of Both Breast Cancer and 
Gynecological Cancers 

Types of cancers and their dataset numbers, healthy and patient numbers 
used in analysis and upregulated/downregulated gene numbers can be 
seen in Table 1. According to our findings, the RECQL4 gene was 
shown to be commonly upregulated in all cancer types, including 
both BRCA and gynecological cancers, and the FAM13C gene was 
commonly downregulated in all cancer types (Table 2). Volcano plots 
of common DEGs for all cancers can be observed in Figure 2 a-i. 

Identification of Hub-Genes and PPI Networks 

A total of 3130 proteins, which interact with the protein products 
of the RECQL4 and FAM13C, were identified from the BioGRID 
4.4 database. Using the obtained PPI protein list, hub genes were 
determined based on closeness (Figure 3a) and degree (Figure 3b) 
using the CytoHubba plugins of the Cytoscape program. According 
to these results, the top 20 nodes were identified according to 
both closeness and degree. Totally, 37 hub genes were determined  
(Figure 3). Furthermore, KEGG pathway analysis was performed for 37 
hub genes. Pathways that may be associated with cancers were cellular 
senescence, FoxO signalling pathway, ubiquitin-mediated proteolysis 
and viral carcinogenesis and specifically annotated genes are shown 
in Figure 4 a-b and Table 3. Upon KEGG pathway analysis, among 
the 37 genes obtained, those related to defined KEGG pathways were 
determined and reduced to 11 genes.

Predicted Drug-Target Interactions by Using Common Hub Genes 
Determined for Breast and Gynecological Cancers 

Drug.MATADOR analysis was performed using 11 hub genes 
(RAD50, MAPK14, SIRT1, MRE11, NBN, EP300, USP7, DDB1, 
UBE2O, CDC16, and H2BC6). Drugs commonly associated with 
these hub genes and thus both breast and gynecological cancers were 
hydroxyurea; acetylcarnitine; salicylate; and dibutyryl cyclic AMP 
(Figure 5). In Table 4, there were three genes identified for these three 
drug components, and these were NBN, EP300 and MAPK14. For the 
gene NBN, hydroxyurea was the suggested interacting agent. However, 
for EP300, acetylcarnitine was suggested. Finally, both salicylate and 
dibutyryl cyclic AMP agents were suggested as interacting with the 
product of the MAPK14 gene.

Figure 1. Outline of the study has been shown to clarify the setup of the research 
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Discussion and Conclusion

In our study, the RECQL4 and FAM13C genes were found to be 
similarly expressed in both breast cancer and gynecological cancers. 
Considering the proteins in the interaction network of the genes 
we focused on in our study, the hub genes obtained were primarily 
determined as 37. As a result of KEGG pathway analyses, pathways 
associated with cancers were determined as cellular senescence, 
FoxO signalling pathway, ubiquitin-mediated proteolysis and viral 
carcinogenesis, and hub genes indicating these pathways were focused 
on. After performing Drug.MATADOR analysis with the remaining 11 
hub genes, we have 3 genes that both indicated a meaningful biological 
pathway and from which we can make drug-target predictions. 

In the literature, instead of focusing on the common genes of breast 
cancer and all gynecological cancers, there are studies in the literature 

that analyse common DEGs between breast cancer, OV or UCEC 
separately. In this context, the only similar study conducted without 
using bioinformatic analysis is the study conducted by Naghizadeh 
et al. (35), and in group studies, researchers studied with 200 
healthy individual and 200 female patients diagnosed with breast 
and gynecological cancer. In the study, only demographic data of 
the patients and statistical correlation data between cancer cases were 
obtained, with regional restrictions in the Iranian region. No analysis 
based on genetic-based bioinformatics methods was performed in the 
study (35). In addition, instead of focusing on the common genes of 
breast cancer and all gynecological cancers, there are studies in the 
literature that analyse common DEGs between breast cancer, OV and 
UCEC. In one study, DEG analyses and biological pathway predictions 
were made because it is not clear in the literature by which biological 
and genetic mechanisms breast cancer is associated with UCEC.  

Table 1. Information of breast and gynecological cancer datasets and DEG results

Cancer type Breast 
cancer

Breast 
cancer

Breast 
cancer

Cervical 
cancer

Cervical 
cancer

Ovarian 
cancer

Ovarian 
cancer

Ovarian 
cancer

Endometrial 
cancers

GSE Code GSE42568 GSE20685 GSE54002 GSE63514 GSE5787 GSE54388 GSE14407 GSE27651 GSE17025

Number of 
Samples 
(tumour/
healthy)

121 
(104/17)

327 
(327/17)

433 
(417/16)

128(104/24) 33 (33/0) 22 (16/6) 24 (12/12)  49 (43/6) 103 (91/12)

Total number 
of samples

121 17 433 128 57 22 24 49 103

Tumour sample 
number

104 327 417 104 33 16 12 43 91

Healthy 
Sample number

17 healthy individuals 
(from GSE42568)

16
24 healthy individuals 
(from GSE63514) 

6 12 6 12

Downregulated 
gene number

8563 27584 9919 5003 19460 4483 6161 6787 3311

Non-significant 
gene number

37872 11125 24141 44248 16550 45696 43224 42371 45724

Upregulated 
gene number

8240 15966 20615 5424 18665 4496 5290 5517 5640

Total gene 
number

54675 54675 54675 54675 54675 54675 54675 54675 54675

DEG: Differentially expressed genes

Table 2. Commonly expressed genes in both gynecological cancers (ovarian, cervical and endometrial) and breast cancers in women

Affy IDs of 
genes

Ensembl gene 
name (s)

Gene descriptions Type Expression pattern 
of genes in breast 
cancer

Expression 
pattern of genes in 
gynecological cancers

1553015_A_AT RECQL4 (RECQ4) RecQ like helicase 4 Protein coding BRCA: upregulated

OV: upregulated

CESC: upregulated

UCEC: upregulated

1554547 AT
 FAM13C 
(FAM13C1)

Family with sequence 
similarity 13 member C

Protein coding
BRCA: 
downregulated

OV: downregulated

CESC: downregulated

UCEC: downregulated
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Figure 2. Volcano plot of breast and gynecological cancers. Blue dots indicate p-value 10e-6, green dots indicate Log2FC ≤ -1 and ≥1, and red 
dots show those that are below the p-value of 0.05 and Log2FC thresholds. Gray dots indicate insignificant genes. (a) breast cancer (GSE20685), 
(b) breast cancer (GSE42568), (c) breast cancer (GSE54002), (d) cervical cancer (GSE5787), (e) cervical cancer (GSE63514), (f) cervical cancer 
(GSE54388), (g) ovarian cancer (GSE27651), (H) ovarian cancer (GSE14407), (i) endometrial cancer (GSE17025)

a b

c d

e

g

i

h

f
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Fifty-seven DEGs were identified in the study, and among these genes, 
RECQL4 and FAM13C genes, which were found to be commonly 
expressed in all cancers in our study, were not present (36). In another 
study, genes commonly expressed between breast cancer patients and 
both OV and UCEC patients were determined (37). In addition, 
another study in which bioinformatic analyses were performed using 
gene density data of breast cancer and ovarian cancer patients focused 
only on mutations of the BRCA gene (38). In addition, another study 
in which bioinformatic analyses were performed using gene density 
data of breast cancer and ovarian cancer patients focused only on 
mutations of the BRCA gene. In one of the current studies conducted 

Table 3. KEGG pathway genes specifically related to individual pathways

Enrichment 
FDR

Number of 
genes

Pathway 
genes

Fold enrichment Pathway Genes

0.019736446 2 41 39.86237
Homologous 
recombination

MRE11, NBN

0.000123199 5 156 26.19162 Cellular senescence
RAD50, MAPK14, SIRT1, MRE11, 
NBN

0.000972628 4 131 24.95202
FoxO signalling 
pathway

MAPK14, EP300, SIRT1, USP7

0.017618289 3 142 17.26434
Ubiquitin mediated 
proteolysis

DDB1, UBE2O, CDC16

0.003510585 4 202 16.18175 Viral carcinogenesis DDB1, EP300, USP7, H2BC6

0.019736446 3 162 15.13294 Hepatitis B  MAPK14, DDB1, EP300

FDR: False discovery rate

Figure 3. Network of hub-genes identified by closeness (a) and 
degree (b) in Cytoscape according to PPI network analysis done 
with CytoHubba plugins of the Cytoscape program, hub genes were 
determined based on closeness (a) and degree (b). The top 20 nodes 
were used according to both closeness and degree

PPI: Protein-protein interactions

a

b

Figure 4. The lollipop chart (a) and network (b) of KEGG pathways 
in ShinyGO 0.80 According to KEGG pathway analysis from ShinyGO 
0.80 online tool, biological pathways related commonly with breast 
and gynecological cancers are shown with lollipop chart (a) and 
network (b)

a

b
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among gynecological cancers without breast cancer, DEG analyses 
were performed in patients diagnosed with ovarian, endometrial and 
vulvar cancer (39). One of the most recent studies on this subject 
aimed to identify common genes in cervical, endometrial and ovarian 
cancers and to determined effective and dominant biological pathways 
through hub genes (40). None of the studies whose findings were 
summarized above focused on the DEGs we pointed out. For this 
reason, hub gene analysis and gene enrichment analysis results were 
also not similar. Additionally, these studies did not perform drug-
target prediction analyses, which we focused on in our study.

It is known that the protein product of the RECQL4 gene, one of the 
DEGs commonly detected in our study, is a protein that plays a role 
in the DNA repair mechanism, and it is known in the literature that it 
has more unique functions in replication and DNA breaks compared 
to other repair proteins (41). On the other hand, FAM13C gene and 
its protein product belongs to FAM family members and although it 
has been detected in cancer tissues, it should be further investigated. 

Before discussing the drug, components obtained in our study and 
the hub genes they interact with, information will be given about all 
hub genes and enriched pathways obtained in the study. It has been 
well known that the MRN complex (MRE11-RAD50-NBN) creates 
a DNA damage repair site where there is double strand break. RAD50 
(RAD50 double strand break repair protein) and Alterations in MRE11 
(MRE11 homolog, double strand break repair nuclease) double strand 
break repair protein and variants of these genes have been observed in 
other cancers, including breast, ovarian and endometrial cancers (42, 
43). In our study, we also showed MRN complex molecules among the 

hub genes indicated by DEGs obtained from breast and gynecological 
cancers.

SIRT1 protein has been shown to be an important protein in cancer 
progression however it has been newly shown that it contributes to the 
metastasis of breast cancer with the cooperation of (The Forkhead box 
O) FoxO protein (44). For instance, overexpression od SIRT1 gene 
has been indicated in cervical cancer (45). Furthermore, based on the 
deacetylating effect of the SIRT1 gene on histone and non-histone 
proteins, it is thought that it may contribute to DNA damage and repair, 
apoptosis, cell cycle regulation and inflammation in gynecological 
cancers (46). In our study, FoxO signalling pathway is enriched with 
our hub genes and there should be further studies to identify the roles 
of the pathway and SIRT1-FoxO genes in gynecological cancers. 

In our study, the gene identified as the hub gene and closely related 
to DNA damage and repair mechanism is the damage specific DNA 
binding protein 1 (DDB1) gene. It has been shown that alterations in 
this gene expression have been related to ovarian and breast cancers 
(47). Rather than DDB1 alone, mostly DDB1-DDB2 (damage-
specific DNA-binding protein 2) complex as a new tumor suppressor 
has been associated to ovarian cancers (48). On the other hand, DDB2 
overexpression has been related to breast cancers (49). The roles in 
cervical and endometrial cancers remains an open area to be elucidated. 

H2BC6 gene has been considered as a cancer biomarker in prostate 
cancer by NIH Early Detection Research Network (50). Further 
studies should also be done for breast and gynecological cancers.

Cancer cells are related to the expression of oncogenes and tumor 
suppressor gene products and the balance between them. When 
growth factors that cause tumors are not destroyed in the ubiquitin-
proteasome system, tumor formation is triggered (51). In our study, 
the ubiquitin-mediated proteolysis pathway is one of the pathways 
enriched with our hub genes such as USP7 and UBEO2 genes. USP7 
(ubiquitin specific peptidase 7) gene has been shown to be involved in 
ubiquitination process of proteins during the posttranslational protein 
modifications process and suppression of the overexpression of this 
gene has led to breast cancer regression in breast cancer cell lines (52). 
It has been shown that it can be a prognostic factor for ovarian and 
cervical cancer (53). Furthermore, UBE2O gene has also be linked to 
various cancers such as breast and ovarian cancers summarized in a 
comprehensive review (54). 

Lastly, in our study, cellular senescence has been enriched by our 
hub genes such as CDC16 gene. Even though cellular senescence 
mechanism can be used in cancer regression via cell cycle arrest in 
cancer cells, there can be a possibility that cells affected by therapy-
induced senescence can stay dormant and can enter again in cell cycle 
process (55). In this regard, according to our opinion, targeting and 

Table 4. Drug-target interaction prediction with common hub genes of both breast and gynecological cancers

Enrichment FDR nGenes Pathway genes Fold enrichment Drug component Genes

0.02391172 1 11 189.0991736 Hydroxyurea  NBN 

0.02391172 1 25 83.20363636 Acetylcarnitine  EP300

0.02391172 1 25 83.20363636 Salicylate  MAPK14

0.034966622 1 49 42.45083488 Dibutyryl cyclic AMP  MAPK14

FDR: False discovery rate

Figure 5. Predicted drug components commonly related to both 
breast and gynecological cancers. Using Drug.MATADOR analysis 
from ShinyGO 0.80 online tool, drug-gene target prediction has 
been made by using common hub genes determined for both breast 
cancer and gynecological cancers
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inhibiting cell cycle related genes can effectively induce irreversible 
cellular senescence and it can be a possible prevention for the dormant 
cells which may re-enter the cell cycle process from the senescent state. 

In our study, primarily, RECQL4 and FAM13C genes were found to 
be similarly expressed in breast cancer and gynaecological cancers. 
Secondly, as a result of Drug.MATADOR analysis with hub genes, we 
have determined these gene/drug interactions such as NBN (targeted 
by Hydroxyurea), EP300 (targeted by Acetylcarnitine), and MAPK14 
(targeted by Salicylate and Dibutyryl cyclic AMP). 

The NBN gene is a gene that encodes the nibrin protein, also 
known as “Cell Cycle Regulatory Protein P95” and is a component 
of the MRE11-RAD50-NBN (MRN) complex. NBN gene plays 
an important role in DNA double-strand break repair mechanisms 
(56). Mutations or expression differences in the NBN gene may play 
a role in cancer processes as they may lead to deficiencies in DNA 
damage repair mechanisms. Variants of the NBN gene have so far been 
studied among women’s cancers using breast cancer patient samples.  
For example, it has been shown using data from 116 patients that 
NBN variants may be important as diagnosis markers to be used in 
tests to detect hereditary breast cancer cases (57). It has also been 
determined that amplification of the NBN gene increased cisplatin 
and polymerase inhibitors (PARPi) resistance in breast and ovarian 
cancers (58). In another recent study, various analysis and experiments 
were conducted to determine whether the NBN gene could be a pan-
cancer susceptibility gene. It was shown that pathogenic variants of 
the NBN gene increased the risk of cancer due to disruptions in the 
DNA damage response in breast, endometrial, ovarian and cervical 
cancers, respectively, as in many cancers (59). In our study, the NBN 
gene was associated with homologous recombination and especially 
cellular senescence.

In our study, as a result of drug component prediction analysis, 
hydroxyurea (hydroxycarbamide) was associated with the NBN gene. 
Hydroxyurea is an anticancer and antineoplastic agent and is known as 
a DNA replication inhibitor (60). According to Drugbank data, where 
drug research and clinical use are currently shared with the scientific 
world, it is frequently used in patients with chronic myelogenous 
leukaemia and head and neck primary squamous cell carcinoma. It is 
also a drug used clinically in sickle cell anaemia (https://go.drugbank.
com/drugs/DB01005).  

The E1A binding protein P300 (EP300) gene encodes the P300 
protein. P300 protein plays a role in gene expression by increasing 
the transcriptional activity of genes by interacting with transcription 
factors and serving as histone acetyltransferase, allowing histone 
proteins to be separated from genes during DNA replication (61). 
In a recently published study, it has been shown that the nucleosome 
assembly protein 1 like 1 (NAP1L1) protein, which is active through 
the DEAD-box helicase 5 (DDX5) promoter and acetylated by the 
EP300 protein, played a role in the progression of endometrial cancers 
(62). It has been shown that cervical cancer cells secrete lactic acid 
while performing the aerobic glycolysis mechanism (63, 64). Yang et 
al. (65) have identified the EP300 gene among the genes associated 
with histone lactation modification via the GEPIA2 webtool by using 
cervical cancer patients’ data (65). In addition, in a study trying to 
determine the effectiveness of poly- (ADP ribose) PARPi therapy on 
ovarian cancer cells, researchers showed that the EP300 gene has an 

important role in this process (66). According to the results of the 
study, it was found that the histone acetyltransferase mechanism, 
which was inhibited as a result of the EP300 gene, developed PARPi-
resistance in patient samples (66). In studies conducted on triple 
negative breast cancer cell lines, it was observed that the EP300 
gene had an oncogenic effect, and with the suppression of the gene, 
a decrease in the metastatic capacity of the cells, a change in cancer 
stem cell phenotype, and a regression in the growth of tumour cells 
were observed (67). In another study, it was determined that the 
loss of heterozygosity percentages of the EP300 gene in breast and 
ovarian cancer cell lines and primary cancer cells were 36% and 49%, 
respectively (68).

In our study, the drug component associated with the EP300 gene 
and predicted to interact with it is acetylcarnitine. Acetylcarnitine is 
the acetylated form of the amino acid L-carnitine, which is involved 
in mitochondrial fatty acid metabolism (69). With this structure, 
Acetylcarnitine is used clinically in the treatment of peripheral 
nerve lesions, psychiatric diseases such as depression, dementia and 
neuropathies, according to Drugbank data. Furthermore, according 
to Drugbank data, Acetylcarnitine is also an agent used in clinical 
trials for the treatment of diseases such as migraines, type 2 diabetes 
mellitus chronic hepatitis C, progressive supranuclear palsy. (https://
go.drugbank.com/drugs/DB08842). 

Mitogen activated protein kinases (MAPKs) play a crucial role 
in balancing the responses between outside and inside the cell 
in the homeostasis processes of the cell. MAPK14 gene is also 
known as p38α gene (https://www.genecards.org/cgi-bin/carddisp.
pl?gene=MAPK14). Inhibition of MAPK14 (p38α) has been shown 
to develop anti-tumoral effects against Taxanes due to increased DNA 
damage in breast cancer cells in patients and murine models (70, 71). 
In the study conducted by Katopodis et al. (72) the role of MAPKs 
in women’s cancers (OV, UCEC, CESC, BRCA, and UCS) was 
investigated, and the study focused on the expression and methylation 
levels of MAPK11 (p38β) as a result of bioinformatic analysis. 
In addition, another study has emphasized that the drug called 
Ralimetinib (LY2228820), known as an inhibitor of p38α (MAPK14) 
and p38β (MAPK11), is an agent that can target a group of cancer 
types, including metastatic breast cancers and ovarian cancers (73). In 
a study conducted in 2023, the role of the p38α signalling pathway in 
cancer processes was investigated, and according to proteomic analysis, 
it was shown that the MAPK14 (p38α) protein was important in RNA 
metabolism, regulated cell adhesion in breast cancer cells, and was 
effective in DNA replication. Breast cancer cells were used as a role 
model in this study (74). 

Salicylates are known as salts or esters of salicylic acids, and they 
are frequently used for their analgesic effects. Furthermore, they are 
also providing anti-inflammatory and antipyretic impact (https://
go.drugbank.com/categories/DBCAT000579).  For example, aspirin 
(acetyl salicylate), used as a nonsteroidal anti-inflammatory drug, is 
a drug often used in people at risk of myocardial infarction (75, 76). 
However, it has been investigated for a while whether it can be effective 
in a group of cancer types, including breast and ovarian cancers (77, 
78) According to the results of these studies, it has been stated that 
it can be used effectively in breast cancer patients among women’s 
cancers. 
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The drug component shown to target the MAPK14 gene in our study 
is dibutyryl cyclo-adenosine monophosphate, whose generic name 
is Bucladesine. Bucladesine, a cyclic nucleotide derivative, acts as an 
endogenous cAMP and phosphodiesterase inhibitor in the cell. It can 
be used as a topical product for wound healing for skin ulcers or as a 
cardioprotective agent (https://drugs.ncats.io/drug/63X7MBT2LQ). 
According to Drugbank data, there is no study showing whether 
Bucladesine, which is still in the experimental and research phase, is an 
effective agent in women’s cancers (https://go.drugbank.com/drugs/
DB13242#BE0000240). 

The drugs mentioned in the discussion section of our article and 
associated with the hub genes determined in our study are not drugs 
used in the clinic for the treatment of breast cancer or gynecological 
cancers. In fact, they are not routinely used drugs in cancer treatment. 
In this respect, our study offers the opportunity to identify the target 
genes of drugs used in the treatment of different diseases in the clinic 
with the drug repurposing approach, which can be used in gene-
targeted therapies in the treatment of breast cancer and gynecological 
cancers. Furthermore, before the trial of these agents on behalf of their 
cytotoxic effects on cell lines, future molecular dynamics simulations 
should be done to validate the docked structures to claim that drugs 
are suitable for the active regions of the target proteins. As a future 
perspective, total RNA and DNA samples obtained from projects 
including patient samples and cell lines that include validation of 
the obtained data should be used for further analysis by using more 
comprehensive and modern RNA-Seq, whole exome/transcriptome 
sequencing data.
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