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The Estrogen Receptor 1 (ESR1) gene plays key roles in regulating ER-responsive genes and affects
many physiological processes. This gene encodes the estrogen receptor (ERa), which is essential for cellular
proliferation and differentiation and is implicated in various malignancies, including osteoporosis, colon,
ovarian, endometrial, and breast cancer. Due to the association of the mutagenic form of ESR1 with many
types of cancers, it is also being investigated as a potential biomarker for cancers. The bulk tissue expression
of the ESR1 gene is found mainly in the tissues associated with female reproductive organs (breast, cervix
tissue, fallopian tubes, uterus, and vagina). This study analyzed ESR1 expression in malignancies using in
silico tools. TNMplot, TIMER2.0, GTEx, GEPIA, TCGA, etc., were used to investigate differential expression
of ESR1 genes across various cancers, explore gene correlations, and assess prognostic impact and
survival outcomes in patients. This study revealed that tumor tissue showed higher ESR1 expression than
normal or metastatic tissues. ESR1 expression was high in all pathological stages throughout the course
of the malignancy. Differential overall survival was observed among breast, cervical, uterine, and ovarian
malignancies. Insights from this research could lead to the development of more effective targeted therapies,
improving patient outcomes, and advancing cancer treatment strategies. This aspect of gene co-expression

and linked transcription may be the subject of future molecular research.
Key words: endocrine receptor; ESR1; gene expression; endocrine therapy; overall survival; cancer

cells; metastasis

INTRODUCTION

ESR1, a nuclear hormone receptor, influences
cellular differentiation and proliferation in target
tissues and contributes to the regulation of eukaryotic
gene expression. In humans ESR gene is more than
140 kb long, 595 amino acids in length, and has a
molecular mass of 66216 Da. According to Geneloc,
the location of the ESR1 gene in the genome is
chromosome six, having a size of four lakh seventy two
thousand nine hundred forty eight bases and 6g25.1
g25.2 by NCBI [4, 21]. It has eight exons and mostly
conserved intron positions [15]. The ESR1 gene
encodes a ligand-activated transcription factor and
estrogen receptor. An N-terminal ligand-independent
& transactivation domain, a hinge domain, a central
DNA binding domain, and a C-terminal ligand-
dependent transactivation domain are all present in
the canonical protein [17]. The protein localizes to
the nucleus, where it can form homodimers and a
heterodimer with the estrogen receptor [7].

To initiate ERE-independent signalling, ligand-
dependent nuclear transactivation either directly
binds homodimers to a palindromic (ERE) seq. and
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associates with other transcription factors that bind
DNA, such as Sp1, Sp3, c-Fos, ATF-2, and AP-1/c-
Jun [31]. Ligand binding causes a conformational shift
through each component’s LXXLL motifs, enabling
a subsequent or combinatorial interaction with
multiprotein coactivator complexes [1]. Alternative
mRNA splicing generates additional isoforms (ESR-
alpha and ESR-beta), which are found in various
tissues and are implicated in tumor development and
estrogen response regulation in breast, ovary, cervix,
uterus etc [13].

Many researchers highlighted the increased
ESR1 expression in tumors, as compared to normal
tissues, and underscoredits role in tumor development
[23]. Approximately sixty percent of tumor tissues
show positive expression for estrogen receptor (ER),
and many of such individuals have a good expectancy
[3]. Endocrine therapy is the main treatment option for
ER-positive malignancies since it plays a significant
role in the development of malignant tumors [2, 5].
In some cases, lower ESR1 mRNA levels are linked
to poorer prognosis, highlighting its potential as a
prognostic marker. However, its therapeutic role is
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under great consideration as some ESR1-negative
patients also showed positive responses toward
endocrine therapy as well [9, 26]. The development of
mutant & variant versions of the estrogen receptor, or
their altered expression, has been proposed as one
mechanism involved in the development of carcinoma
in the breast of humans from hormone-dependent to
independent [8].

It is crucial to understand how ESR1 affects
endocrine resistance, tumor growth, and other related
variables to develop tailored treatments and enhance
patient outcomes [27]. The period and the context of
the patient’s previous endocrine therapy determine
the incidence of ESR1 mutations. Mutations in ESR1
are a key mechanism behind resistance to endocrine
therapies, impacting treatments like tamoxifen and
fulvestrant. Many genomic regions have been shown
to have linked transcription, and studies have shown
that these are expressed differentially based on the
tissue and parental allele, suggesting a potential
relationship with spatial expression [22, 32].

Researchers are considering the significance of
ESR1 intherapies, and various findings are being made
to determine the involvement of ESR1 in tumor growth.
It is imperative to focus on ESR1 signal transduction,
co-expression, and related gene transcription in order
to solve the problems with therapeutic management.
This study examined the impact of the ESR1 gene as
a prognostic and therapeutic factor by examining the
differential expression levels of the gene in different
cancers using online databases. The databases are
useful for research studies as they provide researchers
rapid and effective access to high-quality, peer-
reviewed data.

Aim — to analyze ESR1 expression in malig-
nancies using in silico tools.

MATERIALS AND METHODS

The differential expression levels of the ESR1
gene were studied using the TNM plot database
(http://www.tnmplot.com). The information about up-
regulation and down-regulation of the ESR1 gene
was analysed using the Tumor Immune Estimation
Resource (TIMER 2.0) database (http://timer.comp-
genomics.org/timer). TIMER 2.0 database was also
used to confirm ESR1 expression in different cancers.
Additionally, RNA sequencing data from the TNM plot
database was utilized to study ESR1 gene expression
in breast cancer metastatic tumors, normal tissues,
and tumor tissues.

Bulk expression of ESR was studied from
the GTEx portal (https://gtexportal.org/home/gene/
ESR1). The gene expression profiling and interactive
analyses (GEPIA) (http://gepia.cancer-pku.cn/detail.
php) were used to download information about
differential ESR1 gene expression in breast tissue
malignancies.

The Kaplan— Meier Plotter database was utilized
to assess the prognostic value of ESR1 and survival

Meouyuna u sxonoeus, 2026, 1

information of cancer patients (https://kmplot.com/
analysis). This tool aids in the discovery & validation of
survival biomarkers through meta-analysis.

RESULTS

The Tumor Nodes Metastasis Plotter Database
revealed variations in ESR1 expression levels
across a range of normal and malignant tissues. The
expression of ESR1 messenger RNA was significantly
higher in tumor tissue as compared to normal tissue,
as shown in Figure 1.

Using the Tumor Immune Estimation Resource
(TIMER2.0), a variance was observed in gene
expression between the tumor and the surrounding
normal tissues for all TCGA cancers. The distribution
of gene expression levels was depicted using box
plots. According to the outcomes of the Wilcoxon test,
the no. of stars — (*: p<0.05; **p<0.01; ***p<0.001)
denotes statistical significance. The genes that were
either up-regulated or down-regulated in the cancers
in comparison to healthy tissues for each type of
cancer are displayed in gray columns, despite the
availability of normal data as given in Figure 2.

Using the RNA-sequence information from
multiple cancers in the Cancer Genome Atlas, the
expression of ESR1 in pan-cancer analysis was
verified. These results showed that ESR1 was
expressed more in breast-invasive carcinoma
(BRCA) and colon adenocarcinoma (COAD) than in
cholangiocarcinoma (CHOL), kidney chromophobe
(KICH), kidney renal papillary cell carcinoma (KIRP),
and kidney renal clear cell carcinoma (KIRC), &
uterus corpus endometrial carcinoma (UCEC) than in
the normal tissue depicted in figure 2. Interestingly,
ESR1 expression was markedly elevated in all breast
cancer subtypes.

The bulk tissue expression of the ESR1 gene
is shown in Figure 3. The figure made it evident that
the ESR1 gene was mainly expressed in the tissues
associated with female reproductive organs (breast,
cervix tissue, fallopian tubes, uterus, and vagina).
ESR1 gene expression has been studied in Breast,
Cervical, Ovarian, and Uterine tumors and normal
tissues, as per GEPIA database analysis.

Variations in the expression of the ESR1 gene
between healthy and malignant female reproductive
tissues (Matched TCGA normal and GTEx data)
are shown in Figure 4. A much higher expression of
ESR1 is observed in breast and ovarian tumor tissue
than in normal tissue. The expression of ESR1 was
distributed rather evenly among uterine tissues.
However, there was less ESR1 gene expression in
cervical malignant tissue.

This study revealed that tumor tissue showed
a higher expression level of ESR1 than normal and
metastatic samples based on the RNA-sequence
information of ESR1 expression in tumor tissues with
normal, tumor, and metastases, which was obtained
using the TNM plot database (Figure 5). Remarkably,
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Figure 1 — The comparison of ESR1 gene expression levels in various malignancies
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Figure 2 — The human ESR1 expression levels in various tumor types (TCGA database)

ESR1 expression is lower in metastatic samples than
in normal samples.

The overall survival of ESR1 gene expression
of various tissues, showing maximum ESR1
expression in terms of clinical relevance and other
aspects such as age, gender, race, and stage, was
analyzed using the TIMER2.0 database in order to
find out the Prognostic potential. Data pertaining to
ovarian, breast, cervical, and uterine cancers was
examined. The findings showed that breast cancer
patient groups with lower ESR1 expression in the
graph showed lower survival rates, and higher
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expression of the gene showed a better survival in
breast and uterus cancer patient groups (Figure 6)
(Hazard ratio=0.839, p=0.01; Hazard ratio=0.748,
p=0.06, respectively).

In case of cervical cancer patients with low
ESR1 expression, a better survival was observed
(Hazard ratio=1.03, p=0.785). Ovarian cancer
patients with a low ESR1 expression showed a higher
survival at a certain point, and after that, it declined
immediately (Hazard ratio=1.05, p=0.475). The
correlation between ESR1 expression and hormone
therapy response is not perfect; 30% of ER-positive
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Figure 4 — Differential expression of ESR1 gene in Breast, Cervix, Ovary, Uterine tumor, and normal tissue

(Matched TCGA normal and GTEx data)

tumors do not respond to treatment, while 5-15% of
ER-negative malignancies give a positive response.
It is yet unknown what molecular processes underlie
the correlation between ESR1 expression, hormone
responsiveness, and cancer prognosis. Certain gene
sets that co-express ESR1 have been proposed to be
an essential component in determining the hormone-
responsive phenotype of breast carcinoma.

DISCUSSION

ESR1 plays an important role in the control of
eukaryoticgene expression,accordingtothe molecular
function of the gene as described by GENATLAS.
Multiple research studies established baseline
evidence that ESR1 is triggered by estrogen, which is
implicated in the emergence of certain cancers, such
as breast, cervical, endometrial, and ovarian cancers,
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which is also consistent with the current findings [20,
24]. Using data from the TIMER2.0 database, the
current study found differential ESR1 expression in
human malignancies, demonstrating overexpression
in cancers such as breast, cervix, colon, kidney,
ovarian, and uterine, etc., which is consistent with
previous findings [12, 30].

The RNA-sequence data of ESR1 expression
in tumor tissues, normal tissues, and metastases
were collected using the TNMplot database. This
study showed that tumor tissue expressed more
ESR1 than both normal and metastatic samples.
ESR1 expression levels were higher in breast,
ovarian and uterine tumor tissue than in normal
tissues, as per the analysis of ESR1 expression using
the GEPIA database. This finding is consistent with
prior investigations [14, 28].
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Several clinical studies have demonstrated
that ESR1 responds to hormonal treatments like
aromatase inhibitors and tamoxifen, which prevent
androgen from being converted to estrogen and
lower the amount of estrogen in the blood [20, 24].
Mechanisms of acquired or innate resistance lead
to the failure of endocrine therapy. One possible
cause of resistance to endocrine therapy is mutations
in ESR1 [29]. Such mutations are responsible for
around 50% of endocrine resistance cases, while
other recent discoveries indicate roles for the RAS-
MAPK, & CDK4/6-RB-E2F pathways, as ESR1
deletion, amplification, & translocation [13, 19]. The
ESR1 pathway is involved in tumor growth and
maturation and influences cells through genomic as
well as non-genomic mechanisms. Differential ESR1
MRNA expression has been identified in human
malignancies by analysis of mutiomics information,
showing upregulation in cancers such as breast,
ovary, and uterus [12, 21].

Using the TIMER database, an examination
of the clinical significance of ESR1 gene expression
across various cancer types revealed differing survival
outcomes. These findings highlight the diverse
impact of ESR1 expression on cancer prognosis
across different cancer types. The findings outlined
in this study underscore the complexity of estrogen
receptor (ER) signalling in various cancer types and
its implications for treatment outcomes [6, 10]. Similar
to prior studies, groups of patients with breast and
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uterine cancer who had increased ESR1 expression
showed higher survival rates [16].

Patients with cervical cancer who expressed
less ESR1 had a higher chance of survival, similar
to other studies [11, 32]. Patients with ovarian
cancer who had reduced ESR1 expression initially
had a greater survival rate, but it quickly dropped
after that. No clear predictive impact was identified
by other researchers who also examined the role of
ESR1 expression in ovarian cancer [14, 18]. Further
studies in this field focusing on molecular aspects
could provide significant insights to improve cancer
prognosis and therapy approaches.

The correlation between ESR1 expression
and hormonal therapy response emphasized the
significance of understanding the mutant ESR1
and the molecular mechanisms that underlie this
aspect correlation, including the possible influence
of co-expressed gene sets. Additional studies in this
field focusing on molecular aspects could provide
significant insights to improve cancer prognosis and
therapy approaches.

CONCLUSION
The diverse roles of ERs and their expression
levels in various tissues have been highlighted in this
study. While substantial progress has been made in
understanding the genetic and other factors involved
in cancer, there is a need for more focused research
on ESR1-positive cancers. The ESR pathway plays a
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crucial role in tumor growth and maturation through
estrogen regulation; it is essential to comprehend the
formation and progression of many cancers. Studying
the genomic and non-genomic mechanisms by which
estrogen affects cell proliferation will help us better
understand how changes in the ESR1 pathway
lead to the development of tumors. Comparative
analysis of ESR1 expression in tumors and normal
tissues using many databases can provide deeper
insights, ultimately aiding in the development of
targeted therapies and improving patient outcomes.
The analysis indicates that ESR1 expression is
significantly elevated in tumor samples relative
to normal and metastatic tissues. These findings
underscore the potential role of ESR1 in tumor
development and highlight the importance of further
research to understand its contribution to cancer
progression and metastasis.
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OLIEHKA 3KCIMNPECCUU N'EHA ESR1 IN SILICO NPU 31TOKAYECTBEHHbIX HOBOOBPA30BAHUAX

'Kacbegpa OGuoTexHomorum, TexHonoruveckuin komnemx Yangurapxa, Mpynna konnepxken YaHaurapxa
(MHpusa, JNangpaH, wocce [pentep Moxanm Xapap-baHyp, cektop 112, lMengxab, 140307; e-mail:
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*N. Yayxan — kadegpa OuotexHonoruu, TexHornormyeckun konnedx Yangurapxa, pynna komnemkewn
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leH peuentopa actporeHa 1 (ESR1) vrpaet kmodeByto porb B PErynsuum reHoB, YyBCTBUTENbHbIX
K ER, n BnusaeTt Ha MHorve duanonornyeckue npouecchbl. OTOT reH KoaupyeT peuenTtop actporeHa (ERa),
KOTOpbIN Heobxoamm Anis nponudepaumm n auddepeHUNPOBKN KNETOK, U YH4aCTBYET B Pa3BUTUM Pa3NMYHbIX
3aboneBaHui, BKIOYAs OCTEOMNOPO3, a TaKkKe 3r0Ka4yeCTBEHHbIX HOBOOOPa3oBaHUN, TakmMx Kak pak TOncTomn
KWLLIKWM, SMYHUKOB, 3HOOMETPUS N MOSOYHOM Xernesbl. B cBA3n ¢ accouunauuen mytareHHon dopmbl ESR1
CO MHOMMMM BuOAMKU paka, OHa TaKKe wuccredyeTcsa B KadecTBe NoTeHumanbHoro Ouomapkepa paka.
Haunbonbluasa akcnpeccus reHa ESR1 B TkaHsix obHapy>keHa B OCHOBHOM B TKaHSIX, CBA3@HHbIX C XXEHCKUMM
penpoayKTMBHbIMU OpraHaMu (MOMOYHbIE JXenesbl, TKaHW LWenKkn MaTku, annonueBbl TPyObl, MaTka u
Brnaranvwe). B npeacraBneHHOM nccneaoBaHmMm aHanmanposanach akenpeccus ESR1 npu anokayecTBeHHbIX
HOBOOOpa3oBaHMsAX C UCMOMb30BaHNMEM MHCTpyMeHTOB in silico. TNMplot, TIMER2.0, GTEx, GEPIA, TCGA
n gp. 6bINM MCNonb3oBaHbl ANs U3ydeHus auddepeHumansHom akcnpeccum reHoB ESR1 npu pasnmuHbix
BMAax paka, U3yydeHus KOppersuuu reHoB U OLEHKM NPOrHOCTUYECKOro BO3AEWCTBUS W BbIKMBAEMOCTU
naumeHToB. ViccnegoBaHme nokasano, YTO OnyxorneBas TKaHb AEMOHCTPUPYET Boree BbICOKYH 3KCMPECcCuio
ESR1, yem HOopmanbHble Unu MetactaTuyeckme TkaHu. Okcnpeccus ESR1 Bbina BbICOKOW Ha BCEX CTagmsax
pa3BUTMS 3N0Ka4eCTBEHHOTO HOBOOOpasoBaHudA. Habnwoganucb pasnuums B 00Ller BbDKMBAEeMOCTU Mpu
3r10Ka4eCTBEHHbIX HOBOOOPA30BaHMAX MOJIOYHON Xemnesbl, LEeNKM MaTki, MaTku U SUYHUKOB. Pesynbrarthl
nccregoBaHnst MoryT ObiTb nonesHbl Npy paspaboTke Gonee 3aEKTUBHBIX TAPreTHbIX METOLO0B NEYEHNs,
NOCIYXWUTb YyYLUEHUIO Pe3ynbTaToB feYeHnst NaunueHTOB U COBEPLLEHCTBOBaAHUIO CTpaTerMm nevyeHmns paka,
a acrneKkT COBMECTHOW 3KCMPECCUMM FEHOB WM CBSA3AHHOMW TPaHCKPUNUUKM MOXET CTaTb npegMeTtoM ByayLimx
MOMEKYNAPHbIX UCCreaoBaHUN.

Knrouesbie crosa: sHOOKPUHHBIN peuenTtop; ESR1; akcnpeccus reHa; aHOAOKpUHHAA Tepanus; obLuas
BbPKMBAEMOCTb; PaKOBbl€ KIETKW; MeTacTasmpoBaHme
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OctporeH peuentopbl 1 reHi (ESR1) ER cesimtan reHgepai petteyge weluywli pen atkapagbl
XXoHe KenTereH duanonorusaneblk npouectepre acep eTedi. byn reH xacywanapgblH kebewi MeH
andpepeHumaumnsacsl yLLiH KaXeT acTporeH peuentopbiH (ERa) koatanabl xeHe apTypni aypynapablH, COHbIH
ilWiHOe ocTeonopo3nblH, CoHOan-aK Tok ilek, aHanblk 6e3, aHOOMETPUS XaHe cyT Besi kaTepni iciri CUsIKTbI
KaTepni icikTepaiH gamybiHa kaTelcagbl. ESR1 myTareHngik TypiHiH kenTereH katepni iciktepMmeH 6annaHbicbiHa
GavinaHbICTbl 0N KaTepni iCikTiH bikTUMan Guomapkepi peTiHgoe ge 3eptrenyge. TiHoepaeri ESR1 reHiHiH
€H YIKEeH 3KCNpeccusicbl Heri3iHeH anenaepaid, ypnaktel 6ony mylwenepimeH (cyT 6e3gepi, »xaTblp MOWHbI
TiHAEPI, XaTblp TYTIKTEPI, XXaTblp XaHe KblHan) GannaHbiCTbl TiHOAepAe keagecepni. ¥CbiHbIFaH 3epTTey in
silico kypangapblH nawganaHa oTblpbin, KaTepni iciktepgeri ESR1 akcnpeccudacbliH Tangagsl. TNMplot,
TIMER2.0, GTEx, GEPIA, TCGA xaHe T. 6. apTypni katepni iciktepaeri ESR1 reHaepiHiH, anddepeHumanabl
3KCMPECCUSICbIH 3epTTey, reHAepaiH KOPPENAUUSACHIH 3epTTey XaHe naumneHTTepaiH, bomkamabl acepi MeH
eMip cypyiH OaFanay ywiH nanganadbingsl. 3epTTey icik TiHIHIH KanbIiNTbl HEMece MeTacTaTukanblk TiHaepre
kaparaHoa ESR1 xofapbl akcnpeccusiCbiH kepceTeTiHiH kepceTTi. ESR1 akcnpeccusackl katepni icik amMyblHbIH,
OapnblK KeseHaepiHae xofapbl 6onabl. CyT Oe3iHiH, XaTblp MOWHbIHbIH, XXaTbIpAblH XoHe aHanblKk 6e3diH
KaTepni icikTepiHiH >kannbl emMip cypyiHOoe anbipMawbinblkTap Gankangbl. 3epTTey HaTwXKenepi TuiMaipek
MakcaTTbl emaey oAicTepiH a3iprneyae navgansl 60nybl MyMKiH, NauMeHTTepaiH HOTWXKENEpPIH XakcapTyra
XKoHe KaTepni icik cTpaTerusinapblH >XakcapTyFa KblI3MET eTefi aHe OiprneckeH reH aKCrnpeccusicbl MeH
GarinaHbICTbl TPAHCKPUNUMS acnekTici bonallak Monekynanblk 3epTTeynepaiH TakblpblObl 60ybl MYMKIH.

Kinm ce3dep: aHOoKpuHAIK peuentop; ESR1; reH akcnpeccuscbl; 9HOOKPUHAIK Tepanus; xanmnbl emip
CYPY; pak KrneTkanapbl; MeTacTas
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