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ABSTRACT

Tamoxifen is one of the most used drugs for breast cancer. This study aimed to investigate the effect of the Tamoxifen
mechanism on the epithelial-mesenchymal transition (EMT) pathway among breast cancer patients due to its resis-
tance to breast cancer cells. We selected the appropriate datasets from the GEO database using continuous and inte-
grated bioinformatics analysis. We examined the signaling pathways, gene ontology, and protein association of genes
after classifying the gene expression profile. Finally, we confirmed the candidate genes using the GEPIA database.
Two groups were defined for gene expression profiles. The first group in which the expression profile of genes in-
creased after Tamoxifen was evaluated using the expression profile of genes that decreased in the EMT pathway. The
second group was the opposite of the first group. 253 genes in the first group and 302 genes in the second group were
shared. The genes in the first group were involved in various pathways of cell death, focal adhesion, and cellular ag-
ing. The second group was more involved in different phases of the cell cycle. Finally, MYLK, SOCS3, and STAT5B
proteins from the first group and BIRCS, PLK1, and RAPGAPI1 proteins from the second group were selected as
candidate proteins in connection with the effect of Tamoxifen on the EM'T pathway. We evaluated Tamoxifen's effect
on the EMT pathway more accurately. However, for a closer look at Tamoxifen, more studies need to be done on
target genes and proteins to clarify their role.
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INTRODUCTION

Breast cancer is one of the most common cancers in wom-
en, and every year, many women get breast cancer in different
stages [1]. In terms of mortality, it is the second most common
cancer among women. Despite the many treatments and various
drugs used to manage breast cancer patients, breast cancer cell
metastasis to other body organs, especially the lungs, still causes
many deaths [2].

One of the critical signaling pathways that can enhance the
aggressiveness of cancer cells and increase the migration of cells
to other body organs is the epithelial-mesenchymal transition
(EMT) pathway [3]. Inducing the properties of mesenchymal
cells into epithelial cells and the properties of stem cells in gen-
eral causes the progression and recurrence of breast cancer [4].
Therefore, studying the effects of drugs on the EMT pathway in
breast cancer can be considered valuable for targeted and im-
proved therapies to increase the effectiveness of drugs.

Tamoxifen is an anti-estrogen drug that binds to the es-
trogen receptor in the endoplasmic reticulum and prevents the
stimulation of estrogen expression in breast cells [5]. This drug
played an essential role in treating breast cancer patients and in-
creased patients' survival by an average of 15 years [6]. Never-
theless, drug resistance of cancer cells has increased in recent
years, and drug performance has decreased [7, 8]. Therefore, a
closer look at the mechanism of action of Tamoxifen in breast
cancer cells and on the vital pathway of cell invasion, namely
EMT, can provide appropriate therapies or combinations of ad-
juvant drugs along with Tamoxifen for better efficacy.

Tor this purpose, modern methods such as bioinformatics
analysis can significantly help find signaling pathways and study
the nature of genes. On the other hand, this science can predict
the proteins, genes, and regulatory elements involved in cancer
[9]. Finally, better strategies can be adopted to evaluate drug
mechanisms. In this study, we used the datasets available in rep-
utable databases to assess the gene expression profile of breast
cancer patients receiving Tamoxifen and those whose epithelial
and mesenchymal cells were isolated to examine the EMT path-
way and, eventually, the genes and products. We evaluated more
precisely the protein that Tamoxifen can target.

MATERIAL AND METHODS

Selection of the appropriate database

In this study, GSE147271 and GSE13915 datasets were se-
lected from the GEO database. The GSE147271 dataset consist-
ed of 121 samples, 60 samples from breast cancer patients be-
fore Tamoxifen, and 61 samples after Tamoxifen administration,
grouped with their gene expression profiles. The platform of this
database is GPL28292 Agendia human array. The GSE13915
dataset consisted of 20 samples containing epithelial and mes-
enchymal cell samples obtained from patients with breast cancer.
The platform of this database is also GPL7785 SMD Print_1354.

Preparation of data for bioinformatics analysis

We evaluated the datasets using the GEO2R tool. Then we
saved all the gene profiles between the groups and uploaded them
to an Excel file. We then categorized the genes that were up and
downregulated. At this stage, the P-value<0.05 was considered.

Verifying signaling pathways

To examine the Tamoxifen mechanism in the EMT path-
way, we evaluated the expression profile of genes that increased
after Tamoxifen with genes that decreased in the EMT pathway.
We did the same for the expression profiles of the genes that de-
creased expression after Tamoxifen and the genes that increased
expression in the Venn version 2 diagram's EMT pathway. We
then loaded the list of common genes from the two approach-
es separately into the Enrichr database and separated the signal
path associated with these genes using the KEGG library. At this
stage, the P-value<0.05 was considered.

Investigation of gene ontology

We reloaded the two Venn diagrams containing common
genes to evaluate biological processes and molecular functions
separately in the Enrichr database. We separated them from
the ontology, biological processes, and molecular functions. The
GOnet database was used to map the network of molecular func-
tions between genes. The P-value<0.05 was considered.

Protein network

In this part of the study, to investigate the relationship be-
tween protein products produced by genes and to examine more
closely to select the appropriate genes, we uploaded a list of com-
mon genes from Venn diagrams to the STRING database and
evaluated the relationship between proteins.

Evaluation of candidate genes with cancer data

After evaluating all the analyzes of the previous stages and
especially examining the network between proteins, genes with
more connections and more important connections with other
protein products that showed a more prominent role in the net-
work were selected and expressed using the GEPIA database.
Attendance at various stages of breast cancer as well as survival
was assessed.

RESULTS

In the EMT pathway, cell adhesion-dependent
signaling pathways, cell death types, and
cell cycle were targeted by Tamoxifen

After isolating the gene expression profiles of breast can-
cer patients who received Tamoxifen and another dataset from
which the epithelial and mesenchymal cells of breast cancer
patients were isolated, there were 253 genes highly expressed in
Tamoxifen that were low in the EMT pathway. On the other
hand, 302 genes in Tamoxifen had a low expression, which was
high in the EMT pathway. Genes overexpressed by Tamoxifen
were involved in the signaling pathways of focal adhesion, au-
tophagy, mitophagy, cellular aging, necrosis, and apoptosis.
Genes reduced by Tamoxifen expression were involved in the
signaling pathways of cell cycle checkpoints, kinesins, FOXMI,
G2/M checkpoints, APC, and aurora B. In general, it can be
said that high-expression genes in Tamoxifen were more involved
in inducing cell death and cell aging. In contrast, low-expression
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genes in Tamoxifen were more active in different cell cycle phases
associated with the EMT pathway (Figure 1 A, B).

pathways. However, genes that showed reduced expression by
Tamoxifen showed more activity in their metabolic pathways

(Figure 2 A, B).
Evaluation of gene ontology targeted by
Tamoxifen in the EMT pathway Investigation of the association between protein

roducts tampered of EMT by Tamoxifen
In this part of the study, the ontology of genes in biolog- P P Y

ical processes and molecular functions were examined. Genes
overexpressed by Tamoxifen played a key role in cell adhesion

As shown in Figure 3 (A, B), the network between proteins
depicts genes that had increased and decreased expression after

EMT

Tamoxifen

P-Value

Signaling pathways

Focal adhesion 2.18E-04
Autophagy 0.001176239
Mitophagy 0.009013887
Cellular senescence 0.01574435
Necroptosis 0.016639851
Apoptosis 0.034462401
Signaling pathways P-Value

Cell cycle checkpoints 6.83E-05

APC/C activator regulation between 2.43E-04

G1/S and early anaphase

FOXM1 transcription factor network 3.54E-04

G2/M checkpoints 4 43E-04

Kinesins 6.63E-04

Aurora B signaling 0.020511947

Tamoxifen

Figure 1. A - The similarities between the expression profiles of genes that were overexpressed by Tamoxifen and decreased in the EMT

pathway are isolated, and their signaling pathway is identified. B - The similarity between the expression profiles of genes that reduced
expression by Tamoxifen and genes that increased expression in the EMT pathway were isolated, and their signal pathway was evaluated.
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Figure 2. A and B - The study of biological processes between the two groups defined in the research and the study of genes involved in

each biological process.
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Tamoxifen upregulated genes VS downregulated genes in EMT, PPl network
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Figure 3. A - The protein network is plotted for overexpressed genes by Tamoxifen and B - for genes with low expression by Tamoxifen. In
this network, node degree and betweenness scores were evaluated, and BIRC5, PLK1, RAPGAP1, MYLK, SOCS3, and STAT5B proteins were
selected for investigation in human breast cancer samples.
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Tamoxifen. MYLK, SOCS3, and STAT5B proteins overex-
pressed by Tamoxifen, and BIRC5, PLK1, and RAPGAP1 down-
regulated by Tamoxifen with a significant relationship in the pro-
tein network were selected.

Verification of key genes in human breast cancer
samples via the Cancer Genome Atlas

Hub genes BIRC5, PLK1, RAPGAP1, MYLK, SOCS3,
and STATSB were investigated in TCGA to verify their roles
in BRCA cancer. These genes were surveyed to demonstrate
expression differences between normal and BRCA cancer sam-
ples, and box plots were drawn. As shown in Figure 4 (A-T), all
genes demonstrated statistically significant expression differenc-
es. Furthermore, survival analysis of these genes was conducted
with the Kaplan-Meier method, and as a result, MYLK, SOCS3,
STATS5B, and PLAU genes were obtained with the highest mor-
tality rate for pancreatic adenocarcinoma (PAAD) patients. In
other words, patients with a high expression level of these genes
showed less survival. We showed expression levels of the genes in
various stages of the disease using Violin plots drawn in TCGA.
However, all six genes were expressed in all stages. Also, the pro-
tein interaction between 6 candidate proteins is shown in Figure 5.

DISCUSSION

Tamoxifen has been used for many years as a chemotherapy
drug for estrogen receptor (ER)-positive women with breast can-
cer. Tamoxifen, like many chemotherapy drugs, has several side
effects for patients [10]. Despite the long-term use of Tamoxifen
to treat patients with breast cancer, we have faced drug resistance
of breast cancer cells in recent years. This phenomenon led many
researchers to study the resistance of Tamoxifen in breast cancer
and conduct various studies in this field. However, the point that
can be made is that ecach drug with its unique structure can have
a different action mechanism. Therefore, this study investigated
the nature of Tamoxifen's molecular mechanism in one of the
important pathways involved in the invasion and migration of
cancer cells to other body organs, namely EMT, which yielded
impressive results.

As mentioned, studies in recent years focused on pathways
that inhibit the action of Tamoxifen on breast cancer cells. A
cohort study by Liang et al., performed on 4,142 patients, showed
that MCAM/CD146 in the EMT pathway increased the inhi-
bition of Tamoxifen's effect on breast cancer cells by activating
the Akt signaling pathway [11]. The study by Bui et al. showed
that the NOTCH4/STAT?3 signaling pathway plays a vital role
in the EMT pathway to inhibit Tamoxifen's effect. NOTCH1
and NOTCH#4 play a key role in the EMT pathway to increase
the migration and invasion of cancer cells to other body organs
such as the lungs and especially the liver. NOTCH4 showed a
more critical role than NOTCHI in facilitating cell invasion.
NOTCH4, on the other hand, enhances the STAT3 pathway and
can be effective in amplifying breast cancer cells and reducing
the effect of Tamoxifen [12]. Another study by Yu et al. showed
that regulatory elements such as miR-200b/c could affect essen-
tial genes in the EMT pathway, such as ZEB1/2 and Vimentin.
Thus, low expression of miR-200b/c induces increased expres-
sion of ZEB1/2 and vimentin, which is effective in increasing
metastasis and invasion of breast cancer cells, and on the other
hand, inhibits the function of Tamoxifen [13].

Bioinformatics analyses in this study showed that Tamoxifen
targeted and induced various types of cell death in breast cancer
cells, such as autophagy, mitophagy, necrosis, and apoptosis. On
the other hand, it suppresses genes that are involved in different
phases of the cell cycle. In this study, to better investigate the mo-
lecular mechanism of Tamoxifen's effect on the EMT pathway;,
we shared genes with increased expression by Tamoxifen with
genes with decreased expression by the EMT pathway. We did
the opposite in the same way; we shared the genes reduced by
Tamoxifen with the genes overexpressed in the EMT pathway.

One of the most important chemotherapy drug goals is to
induce cell death and inhibit the cell cycle. Several studies re-
viewed different approaches to tamoxifen and breast cancer
cells. Tamoxifen can induce cell death in breast cancer cells by
inhibiting epidermal growth factor receptors [14] or activating
caspase-9 [15]. Various studies were also performed on cell cycle
inhibition [16-18].

This study sought to investigate the mechanism of action
of Tamoxifen for EMT pathway disorders. For this purpose, af-
ter drawing the protein network between the two defined study
groups, we selected proteins that played a more important role in
the network and established more relationships with other pro-
teins. Then, to finalize the genes and protein products in ques-
tion, we evaluated the crucial genes in the GEPIA database and
finally confirmed MYLK, SOCS3, STAT5B, BIRC5, PLK1, and
RAPGAP1 proteins significantly in this cancer database. MYLK,
SOCS3, and STAT5B proteins were highly expressed in the
EMT pathway, which decreased their expression by Tamoxifen.
On the other hand, BIRC5, PLK1, and RAPGAPI proteins re-
duced their expression in the EMT pathway, which was increased
by Tamoxifen.

Limited studies were performed on MYLK in breast cancer.
Myosin light chain kinase is one of the most important genes in
facilitating cytoskeletal filaments, which plays a key role in cre-
ating a contractile ring in cell division. A recent study by Paul
et al. examining gene expression profile in breast cancer cell me-
tastasis showed that the MYLK gene is disrupted and mutated
in advanced stages of the disease [19]. However, various other
studies related to MYLK and other cancers such as bladder [20],
cervical [21], prostate [22], and hepatocarcinoma [23] showed
that MYLK increases the invasion and migration of cancer cells
to other organs in the body.

Suppressor cytokine signal 3 (SOCS3) is one of the most
important tumor suppressors in inhibiting breast cancer cells
by regulating inflammatory factors, strengthening the immune
system, and invoking immune cells. Kim et al's study of breast
cancer showed that when tumor suppressors such as P53 and
PTEN are disrupted, they pave the way for developing and in-
vading breast cancer cells. At this time, SOCS3 enters into action
and, to prevent over-invasion of cancer cells, in cooperation with
Interleukin 6, provides conditions for strengthening the immune
system and inflammatory responses [24]. A study by Xu et al.
among breast cancer patients exposed to cancer cells invading
other body organs showed that the miR-203a/SOCS3 axis plays
a significant regulatory role in the progression of breast cancer
invasion and metastasis [25]. In contrast, Zhang et al. showed
that suppression of SOCS3 by EZH?2 intensified the invasion and
migration of breast cancer cells [26].

Among the various studies performed on STAT5B, most
identified STAT5B as a downstream or upstream element for
regulating signaling pathways such as c¢Src and hypoxia. A survey
by Peck et al. on 936 patients with breast cancer showed that low
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EBX0O43

RACGAP1

Figure 5. The GeneMANIA database plots the gene network between BIRC5, PLK1, RAPGAP1, MYLK, SOCS3, and STAT5B candidate genes,
and the relationship between the genes and their upstream and downstream elements is determined.
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STATSA expression was associated with metastasis progression
in breast cancer cells. However, decreased STAT5B expression
was not directly associated with breast cancer invasion. In this
study, bioinformatics analysis showed that low STAT5B expres-
sion was significantly present in patients with breast cancer and
could be involved as a key regulatory element in facilitating can-
cer cells' progression [27]. These three examined proteins show
that their low expression causes pathogenesis and increased in-
vasion of breast cancer cells that were increased by Tamoxifen.
It can be said that Tamoxifen targets these three proteins well in
the EMT pathway.

One of the most critical proteins in the development of var-
ious cancers is BIRCS. This protein can play a vital role in the
invasion and metastasis of breast cancer cells by inhibiting apop-
tosis and increasing cell division. The study by Wang et al. showed
that increased expression of BIRC5 and LASP1 was involved in
breast cancer metastasis to other organs [28]. Furthermore, a re-
cent study by Dai e al. found that increased BIRC) expression
was effective in breast cancer progression [29].

Another protein that plays an important role in the cell cycle
and its increased expression in many cancers and is considered
the cause of invasion and metastasis is PLK1. A study by Yao
et al. showed that increased PLK1 expression was directly asso-
ciated with metastasis in breast cancer [30]. Another intriguing
study by Ueda et al. showed that knocking down PLK1 inhibited
the cell cycle in the G2/M phase, increasing the induction of
apoptosis in breast cancer cells. PLK1 in interphase and mitosis
has also been shown to play a significant role in promoting cell
division in breast cancer cells [31] (Figures 4 and 5).

RACGAPI is another protein that plays a major role in cell
division, cell motility, cytoskeletal organization, and cell migra-
tion. Few studies have been performed on RACGAP1 and breast
cancer. However, several studies showed increased RACGAP1
expression as a marker of cell division in breast cancer and a
diagnostic marker in the early stages [32, 33].

However, the study of the signaling pathways associated
with these proteins still requires further extensive studies in the
future to indicate what other molecular pathways these proteins
overshadow to facilitate metastasis, increase cell division, and in-
vade other organs in the body. The three proteins RACGAPI,
PLK1, and BIRCS, play a very important role in cell division,
which are also very important for increasing the quality of the
EMT pathway. In this study, it was shown that these three pro-
teins are reduced by Tamoxifen.

CONCLUSION

Finally, it can be said that studying the molecular mecha-
nisms of Tamoxifen, which is used as a common drug for the
treatment of breast cancer and has recently encountered drug
resistance, can provide better solutions as well as the use of adju-
vant drugs to combat the invasion of breast cancer cells.
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