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Purpose. Breast cancer is a heterogeneous disease. Exploring new prognostic and therapeutic targets in patients with breast cancer
is essential. Tis study investigated the expression of MET, ESR1, and ESR2 genes and their association with clinicopathologic
characteristics and clinical outcomes in patients with breast cancer. Methods. Te METABRIC dataset for breast cancer was
obtained from the cBioPortal public domain. Gene expression data forMET, ESR1, and ESR2, as well as the putative copy number
alterations (CNAs) for MET were retrieved. Results. Te METmRNA expression levels correlated inversely with the expression
levels of ESR1 and positively with the expression levels of ESR2 (r� −0.379, p< 0.001 and r� 0.066, and p � 0.004, respectively).
Te ESR1 mRNA expression was signifcantly diferent among MET CNAs groups (p< 0.001). Patients with high MET/ESR1
coexpression had favorable clinicopathologic tumor characteristics and prognosticators compared to low MET/ESR1 coex-
pression in terms of greater age at diagnosis, reduced Nottingham Prognostic Index, lower tumor grade, hormone receptor
positivity, HER2-negative status, and luminal subtype (p< 0.001). In contrast, patients with high MET/ESR2 coexpression had
unfavorable tumor features and advanced prognosticators compared to patients with low MET/ESR2 coexpression (p< 0.001).
No signifcant diference in overall survival was observed based on the MET/ESR coexpression status. However, when data were
stratifed based on the treatment type (chemotherapy and hormonal therapy), survival was signifcantly diferent based on the
coexpression status of MET/ESR. Conclusions. Findings from our study add to the growing evidence on the potential crosstalk
between METand estrogen receptors in breast cancer. Te expression of the MET/ESR genes could be a novel prognosticator and
calls for future studies to evaluate the impact of combinational treatment approaches with MET inhibitors and endocrine drugs in
breast cancer.

1. Introduction

Breast cancer is a heterogeneous disease that is classifed
based on gene expression profles into the following fve
molecular subtypes: normal-like, luminal A, luminal B,
human epidermal growth factor receptor 2 (HER2)-over-
expressing, and basal-like tumors [1, 2].Te heterogeneity of

breast cancer is both intertumoral and intratumoral.
Intertumoral heterogeneity determines the diferences en-
countered from one patient to another, while intratumoral
one is explained by the diversity of tumor cell populations
within the same primary tumor lesion [2]. Te diferent
molecular subtypes are associated with diferent clinical
outcomes, treatment strategies, and prognostic values [2, 3].
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Understanding the heterogeneity of breast cancer will im-
prove the personalized care of patients and improve treat-
ment outcomes.

Classic estrogen receptors (ERs) are members of the
nuclear receptor superfamily of transcription regulators
known to modulate gene expression in target tissues [4, 5].
Two types of ERs belong to the family of transcription
factors, ERα and ERβ [5]. Te full-length human ERα is
composed of 595 amino acids (67 kDa) and is encoded by
the gene ESR1, located on chromosome 6 [4]. ERα is
largely expressed in the mammary epithelium and plays
a dominant role in mammary gland development as well
as in breast cancer progression [5, 6]. Almost two thirds of
breast cancer cases are ERα-positive [7]. Te human ERβ
is encoded by the ESR2 gene located on chromosome 14
and comprises 530 amino acids (59 kDa) [4, 5]. ERβ is
abundant in normal breast epithelial cells and the rate of
ERβ positive expression in breast cancer has been reported
to exceed 60% [8]. Te ligand-binding domain and DNA-
binding domain of the ERβ protein are 60% and 96%
homologous with those of ERα [8]. Tis fnding suggests
that both receptors may have similar but not identical
functions [8]. Te impact of ERβ expression on mammary
gland development and breast cancer is inconclusive [8].
Te expression of ERβ has been shown to suppress breast
cancer cell proliferation and invasion [5, 6]. Te anti-
proliferative efects of ERβ are attributed, in part, to its
ability to inhibit ERα selective target gene expression in
breast tissue [5]. ERβ isoforms that lack a known tran-
scriptional activity can dimerize with ERα to suppress
receptor signaling [4].

MET (c-MET) is a receptor tyrosine kinase (RTK) that
belongs to the same family which includes Receptor d’Or-
igine Nantais (RON) and ROS1 [9]. Te MET proto-
oncogene is located on chromosome 7 band 7q21–q31
[9]. Te hepatocyte growth factor is the natural ligand of
MET [10]. MET activation triggers an intricate genetic
program known as “invasive growth,” leading to cell pro-
liferation, invasion, angiogenesis, morphogenesis, and
branching tubulogenesis [9, 10]. Deregulations of the MET
signaling pathway are frequently encountered in several
types of solid cancers. MET tyrosine kinase can be consti-
tutively activated by mutation or amplifcation of the gene
leading to overexpression and sustained receptor signaling
in human cancers [9, 10]. Te oncogenic activation of MET
drives aggressive behavior including cancer cell pro-
liferation, survival, scattering, epithelial-to-mesenchymal
transition, invasion, and metastasis [9, 11]. In breast can-
cer, METoverexpression is detected in 20%–30% of all cases
and 52% of triple-negative tumors [12]. Elevations of the
MET copy number were reported in 8% of early breast
cancer, mostly triple negative [13]. In addition, MET am-
plifcation and mutation were detected in 4.7% and 9% of
advanced breast cancer patients, respectively [14]. Tere is
no consensus on the prognostic impact of MET in breast
cancer. While some studies indicated the association be-
tween higher METexpression and advanced tumor features,
recurrence, and poor prognosis [15, 16], others revealed no
association [13, 17].

Numerous studies have demonstrated the signaling
crosstalk between ERs and RTK pathways. Such studies
provided evidence that the activation of RTKs such as the
epidermal growth factor receptor, HER2, and insulin-like
growth factor receptor leads to the activation of ER in breast
cancer independent of its ligand, thus promoting cancer cell
survival and conferring resistance to antiestrogen therapy
[18, 19]. Nevertheless, the crosstalk between ER and MET
has not been well characterized with a limited number of
studies exploring the association between ER and MET in
human cancers. A meta-analysis of 6010 breast cancer cases
indicated the association between MET overexpression and
poor relapse-free survival in hormone receptor-positive
disease [11]. Also, in patients with ER-positive/HER2-neg-
ative early breast cancer, high MET expression correlated
with poor survival outcomes, suggesting its prognostic
impact in patients with hormone-dependent tumors [20].
Previous data demonstrated that the overexpression of MET
induced resistance to endocrine drug fulvestrant in breast
cancer cell lines, an efect that was further associated with
increased cancer cell migration and invasion [21]. Further
evidence showed that pharmacologic inhibition of MET
reversed resistance of the endocrine drugs in breast cancer
cell lines [21, 22]. In addition, Vendrell et al. revealed that
reduced expression of ESR1 was associated with tamoxifen
failure, disease relapse, and shorter overall survival (OS) in
ER-positive breast tumor samples [23]. In line with this, the
levels of MET mRNA were signifcantly higher in patients
who failed tamoxifen treatment compared to those
responding to tamoxifen [23]. Although the individual roles
of ERs and MET in breast cancer have been illustrated, there
remains limited knowledge regarding their coexpression and
the resultant impact on the clinicopathologic features and
prognosis of the disease. In light of this, we aimed to assess
the expression pattern of ER genes, ESR1 and ESR2, with
MET and further explore their association with clinico-
pathologic features, prognostic factors, and clinical out-
comes in breast cancer. Our approach is designed to further
delineate tumor heterogeneity by exploring complex mo-
lecular interactions in breast cancer to expand our un-
derstanding of tumor behavior and introduce new
therapeutic avenues that could further stratify patients into
treatment groups based on their gene expression signatures.

2. Methods

2.1. Te Molecular Taxonomy of the Breast Cancer In-
ternational Consortium (METABRIC) Dataset. Te
METABRIC dataset provides clinical and genomic data on
breast tumors from fve diferent hospitals and/or research
centers in the United Kingdom and Canada [24]. It allows
the utilization of the molecular profles of breast tumors to
analyze the association with clinical outcomes and to better
understand the clinical heterogeneity of the disease [24].Te
METABRIC dataset was obtained for 2509 patients with
primary breast cancer and downloaded from the cBio cancer
genomics portal (cBioPortal). Te cBioPortal is an open-
access resource for interactive exploration of multidimen-
sional cancer genomics datasets [25]. Te METABRIC
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dataset provides demographic and clinical data such as the
age of the patient as diagnosis, menopausal status, Not-
tingham Prognostic Index (NPI), OS, tumor histological
subtype, the number of positive lymph nodes, tumor size,
the TNM-stage, grade, receptor status, and molecular sub-
type. Te treatment modality received by patients (type of
breast surgery, hormonal therapy, chemotherapy, and/or
radiotherapy) is also indicated in the dataset.

Te METABRIC dataset includes microarray gene ex-
pression profle analysis and putative copy number alter-
ations (CNAs) for several genes available in the dataset.
Gene expression data for MET, ESR1, and ESR2 along with
MET CNAs were obtained from the dataset. mRNA gene
expression log intensity values were available for 1904 out of
the 2509 patients included and were used in this analysis.
Values of CNAs were −2: homozygous deletion, −1:
hemizygous deletion, 0: neutral (no change), 1: gain, and 2:
high-level amplifcation.

2.2. Data Preprocessing. Rigorous data preprocessing steps
were taken before the statistical analysis. Te downloaded
demographic, clinical, and tumor data were carefully
cleaned, coded, and uploaded to the statistical software.
Afterwards, data cleansing was performed to rectify any
inconsistencies, entry errors, or duplicate records. To be able
to perform association analysis, the continuous gene ex-
pression data were converted to categorical data. Te ex-
pression of each gene was divided into low and high
expression categories based on the mean expression value, in
which patients with mRNA expression levels equal to or less
than the mean value were indicated to have a low expression
status, while those with expression levels greater than the
mean value were set to have a high expression status. In
addition, the dichotomization of some categorical variables
was considered for the association analysis and was per-
formed in advance of conducting statistical analysis to avoid
a small sample size [26]. Terefore, the tumor grade was
categorized as grade I/II and grade III. Te TNM stage was
dichotomized as early (stage I/II) and advanced (stage III/
IV), excluding patients with noninvasive tumors (in situ
carcinoma). Te molecular subtype was grouped as a lu-
minal (luminal A and luminal B) and non-luminal (normal-
like, HER2-positive, basal-like, and claudin-low) disease.
Te categories of these tumor variables were selected using
cut points previously reported [26]. For conducting the
survival analysis, patients with missing survival status,
survival time, or the expression of ESR1, ESR2, and/or MET
were excluded from the analysis. A fowchart for the study is
shown in Figure 1.

2.3. Statistical Analysis. Data analysis was performed using
the SPSS statistical package, version 23.0 (IBM Corp,
Armonk, NY). Continuous variables are presented as the
mean± standard deviation and categorical variables are
presented as frequencies and percentages. To assess the
correlations between the continuous variables, Pearson’s
correlation test was applied. An independent sample t-test
was used to compare the mean of two groups. One-way

analysis of variance (ANOVA) was used for comparisons
between multiple independent groups followed by Tukey’s
post hoc analysis. To assess associations between categorical
variables, the chi-square test of independence was applied.
Kaplan–Meier survival curves were generated for patients
according to the gene expression status using GraphPad
Prism, version 8.0.1, software (GraphPad Software, San
Diego, CA). Cox proportional hazards models were ftted
with OS as the outcome. All p values were two sided, and
diferences were considered statistically signifcant at
p< 0.05.

3. Results

3.1. Demographic and Clinicopathologic Characteristics of
Patients with Breast Cancer in the MEATBRIC Dataset. A
description of the demographic and clinicopathologic
characteristics of the METABRIC dataset was previously
described [26].

3.2.Te Expression of MET Correlates with ESR1 and ESR2 in
Patients with Breast Cancer. Bivariate correlation analysis
revealed that MET mRNA expression levels correlated in-
versely with ESR1 mRNA levels in patients (r� − 0.379,
p< 0.001). Alternatively, MET expression correlated posi-
tively with ESR2 (r� 0.066, p � 0.004). However, the cor-
relation betweenMET and ESR1 was stronger than ESR2. In
this study, 2138 patients had MET CNAs data, of whom 3
(0.1%) had homozygous deletion, 206 (9.6%) had hemi-
zygous deletion, 1661 (77.7%) had no change, 237 (11.1%)
had gain, and 31 (1.4%) had high-level amplifcation. One-
way ANOVA revealed that ESR1 mRNA expression was
signifcantly diferent among MET CNAs groups (F� 7.16,
p< 0.001, Figure 2(a)). Te ESR1 expression was signif-
cantly lower in patients with MET high-level amplifcation
than with hemizygous deletion (p � 0.044, Figure 2(a)). In
addition, patients with MET gain had signifcantly lower
ESR1mRNA expression levels compared to patients with no
change (p< 0.001) and those with hemizygous deletion
(p � 0.002). Alternatively, ESR2 mRNA expression was not
signifcantly diferent among MET CNAs (F� 1.07,
p � 0.371, Figure 2(b)). Besides,METCNAs are signifcantly
associated with ER expression status (p< 0.001, Figure 3). In
patients with the ER-positive status, high-level amplifcation
was the least observed MET CNA (51.6%). Alternatively,
high-level amplifcation was the most common MET CNA
in patients with the ER-negative status (48.4%). None of the
patients with the ER-negative status had MET homozygous
deletion (Figure 3).

3.3. Te Impact of MET/ESR Coexpression on Demographic
and Clinicopathologic Characteristics in Patients with Breast
Cancer. Table 1 describes mRNA expression log intensity
for the three genes in breast cancer patients. In this cohort,
1087 patients (57.1%) had low MET expression and 713
(37.4%) and 986 (51.8%) had low ESR1 and ESR2 mRNA
expression, respectively (Table 1). Patients were stratifed
into 8 groups based on the expression status ofMETand ESR
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genes. Most patients had a METLow/ESR1High coexpression
status (41.3%) while METLow/ESR1Low was least prevalent
(15.7%) (Table 1). Te double-low and double-high ex-
pression of both MET and ESR genes were considered for
further analysis in this study.

Next, we evaluated the impact of the MET/ESR gene
coexpression on demographic and clinicopathologic fea-
tures. Patients with METHigh/ESR1High status had a signif-
cantly higher mean age at diagnosis and a lower NPI than
patients within the METLow/ESR1Low group (Figures 4(a)
and 4(b), p< 0.001). Tis pattern was reversed in the case of
the MET/ESR2 coexpression in which patients with the
METHigh/ESR2High status had signifcantly lower age and

greater NPI compared to patients with METLow/ESR2Low
coexpression (Figures 4(e) and 4(f ), p< 0.001). Te tumor
size and the number of positive lymph nodes were not
diferent according to the coexpression status of MET/ESR
(Figure 4).

Te association between MET/ESR coexpression and
other clinicopathologic features of breast cancer patients is
shown in Table 2. Compared to the METLow/ESR1Low status,
the METHigh/ESR1High coexpression was signifcantly as-
sociated with grade I/II tumors, hormone receptor positivity,
HER2-negative status, and luminal disease (p< 0.001). On
the contrary, METHigh/ESR2High coexpression was signif-
cantly associated with advanced stage, high-grade, hormone

METABRIC Dataset
[n=2509] 

Clinical data

Survival analysis 
based on gene 

expression status 

Overall survival
Treatment 

[Chemotherapy and 
hormonal therapy]

Gene expression
[n= 1904]

ESR1, ESR2, MET
[mRNA log intensity]

Correlation, association, and 
group comparison analysis

Expression levels converted to 
Low and High status based on 
mean gene expression values

MET/ERS1 double-low
MET/ERS1 double-high
MET/ESR2 double-low
MET/ERS2 double-high

CNAs

MET CNAs in relation 
to ER expression 

status

Tumor data 

Dichotomization of tumor 
grade, TNM-stage, and 

molecular subtype

In situ carcinoma 
excluded 

[n=24]

Dataset downloaded from 
cBioPortal public domain

Figure 1: Study fowchart. CNAs: copy number alterations; ER: estrogen receptor.
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Figure 2: Te level of ESR mRNA expression based on MET CNAs in patients with breast cancer. Te mRNA expression of (a) ESR1 and
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represent mean mRNA gene expression log intensity± standard deviation. CNAs: copy number alterations.
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receptor-negativity, and non-luminal subtype compared to
patients with METLow/ESR2Low coexpression (p< 0.001,
Table 2).

3.4. Te Impact of MET/ESR Coexpression on Overall
Survival and Treatment Outcomes in Patients with Breast
Cancer. Survival analysis showed that patients with low
ESR1 expression had signifcantly longer OS compared to
patients with high ESR1 expression (p � 0.0386, 95%
CI� 0.7744–0.9913, Figure 5(b)). Alternatively, the expres-
sion status of MET and ESR2 did not afect the survival of
patients (Figure 5(a) and 5(c)). Upon comparing survival
curves based on the coexpression status, no signifcant
diference in OS was observed for MET/ESR1 and MET/
ESR2 coexpression groups (Figures 5(d) and 5(e)).

Te impact of the coexpression of MET/ESR on OS was
further analyzed according to the type of treatment as shown
in Figure 6. Compared with high coexpression, low MET/
ESR1 coexpression was associated with longer median
survival time whether chemotherapy was received or not;
however, these diferences did not reach statistical signif-
cance (p � 0.1778, Figure 6(a)). In patients who received
chemotherapy, those with low MET/ESR2 coexpression had
higher median survival compared to those with high
coexpression (median survival 142.6 vs. 79.4months, re-
spectively, Figure 6(b)). Alternatively, in patients who did
not receive chemotherapy, median survival was greater for
those with highMET/ESR2 coexpression compared with low
coexpression (median survival 197.7 vs. 151.2months, re-
spectively, p � 0.0003, Figure 6(b)). Patients with highMET/
ESR1 coexpression had a longer median survival time
compared to those with a low coexpression whether hor-
monal treatment was administered or not (p � 0.0046,
Figure 6(c)). Patients with high MET/ESR2 coexpression
who administered hormonal drugs had a longer survival
time compared to those with low MET/ESR2 coexpression
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Table 1:MET, ESR1, and ESR2mRNA expressions in patients with
breast cancer.

Characteristics Mean± SD (range)
METmRNA expression log intensity 5.61± 0.29 (4.96–7.86)
ESR1 mRNA expression log intensity 9.61± 2.13 (5.22–13.27)
ESR2 mRNA expression log intensity 5.44± 0.15 (4.90–6.28)
Characteristics n (%)
METmRNA†

Low 1087 (57.1)
High 817 (42.9)

ESR1 mRNA†

Low 713 (37.4)
High 1191 (62.6)

ESR2 mRNA†

Low 986 (51.8)
High 918 (48.2)

MET/ESR coexpression status
METLow/ESR1Low 299 (15.7)
METLow/ESR1High 786 (41.3)
METHigh/ESR1Low 416 (21.8)
METHigh/ESR1High 403 (21.2)
METLow/ESR2Low 591 (31.0)
METLow/ESR2High 498 (26.2)
METHigh/ESR2Low 363 (19.1)
METHigh/ESR2High 452 (23.7)

†Patients with mRNA gene expression equal to or below the mean value
were indicated to have “low” expression status, while those with mRNA log
intensity greater than the mean value were set to have “high” expression
status. n(%); frequency and valid percentage.
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(median survival 175.1 vs. 132.03months, respectively,
p � 0.0027, Figure 6(d)). However, in the absence of hor-
monal treatment, patients with lowMET/ESR2 coexpression
had longer survival compared to those with highMET/ESR2
coexpression (median survival 204.2 vs. 145.4months, re-
spectively, Figure 6(d)).

4. Discussion

Despite the expanding number of new anticancer agents,
treatment failure, relapse, and progression remain major
challenges in the management of breast cancer [3, 27].

Terefore, there is an urgent need to identify new prognostic
factors and therapeutic targets to improve treatment out-
comes in breast cancer [27, 28]. ERα is a nuclear receptor
expressed in almost 70% of breast cancers and a key driver of
carcinoma initiation and proliferation in hormone-
dependent tumors [29]. It promotes the expression of on-
cogenic proteins that enhance cancer cell growth, survival,
and progression such as cyclin D1, c-Myc, and insulin-like
growth factor 1, while inhibiting cell cycle arrest proteins
such as p21 [7, 29]. In addition, ERα modulates the ex-
pression of genes that regulate breast cancer cell migration
and metastasis [6]. On the other hand, the role of ERβ in
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breast cancer is less established. ERβ has an antiproliferative
activity when introduced into ERα-positive breast cancer
cells [30]. Te expression of ERβ was associated with re-
duced proliferation and invasion of breast tumors [6]. Te
molecular pathways associated with the antiproliferative
efects of ERβ are less clear; however, ERβ has been shown to
reduce the expression of c-Myc while inducing the ex-
pression of the cyclin-dependent kinase inhibitor, p27Kip1,
in breast cancer cells [30]. MET is an RTK commonly
expressed in epithelial cells and is highly implicated in tu-
morigenesis. MET is expressed in diferent molecular sub-
types of breast cancer and is associated with aggressive
phenotypes. In this study, we assessed the coexpression of
METand ESR genes and their impact on tumor features and
treatment outcomes in breast cancer.

In this study, the meanmRNA expression levels for ESR1
were higher than MET and ESR2. Besides, the mRNA levels
of MET correlated inversely with ESR1 and positively with
ESR2 mRNA levels. MET CNAs were also associated with
the ER-expression status in patients. A reduced expression of
ESR1 in patients withMETgain and high-level amplifcation
compared to those with no change or hemizygous deletion
was observed in this analysis. However, MET CNAs did not
afect the mRNA levels of ESR2. In this context, few studies
have evaluated the expression of MET and ER in cancer. In
agreement with our fndings, Ren et al. revealed that MET
and ERβ were overexpressed in basal-like breast cancer and
METoverexpression was associated with ERβ positivity [10].

In addition, Tao et al. indicated that ERβ positively regulated
MET expression in bladder cancer [31]. Findings from cell
culture and animal models showed that ERβ signaling is
induced by infltrating T cells and consequently increased
MET expression directly by binding to MET gene promoter
or through modulation of interleukin-1 expression in
bladder cancer, leading to invasion and metastasis. Such
fndings could explain the positive correlation between the
expression of the ESR2 and MET genes observed in breast
cancer in our study, particularly in the more immunogenic
non-liminal subtypes. Mast cells have been shown to induce
the expression and activation of ESR1 and its target genes
promoting luminal phenotype while concomitantly sup-
pressing the activation of MET in breast cancer using in vivo
and in silico models [32]. In endometrial carcinomas, the
expression of ER and MET correlated inversely and the
coexpression of both receptors predicted response to hor-
monal therapy [18]. Together, the expression of the MET
gene could be regulated by ERs in cancer cells. Te regu-
lation is determined by the type of ER, in which ERα
downregulates while ERβ upregulates the expression of
MET. Te regulation of MET expression by ERs could be
indirect as well, involving other pathways. Nevertheless,
a crosstalk between RTKs and ERs has been previously
indicated and METcould be a target for ERs. Te expression
patterns shown in our analysis allow a better understanding
of the impact ofMETon the development and progression of
breast cancer.
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Figure 5: Overall survival rate of patients with breast cancer based on gene expression. Kaplan–Meier survival analyses based on (a)MET,
(b) ESR1, (c) ESR2, (d) MET/ESR1, and (e) MET/ESR2 coexpression. Log-rank (Mantel–Cox) test. ∗Indicates statistical signifcance at
p< 0.05.
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Our fndings revealed that highMET/ESR1 coexpression
was associated with favorable clinicopathologic tumor fea-
tures such as greater age at diagnosis, lower NPI scores, low-
grade carcinoma, hormone receptor positivity, HER2-
negative status, and luminal subtype. Interestingly, the
opposite pattern was observed for the MET/ESR2 coex-
pression in which high coexpression was associated with
younger age at diagnosis, increased NPI, advanced stage and
grade of carcinoma, hormone receptor-negative status, and
non-luminal tumors. Tese fndings indicate diferent roles
for the ESR genes and their infuence on tumor charac-
teristics and prognosticators. Furthermore, the impact of the
MET gene on disease characteristics was dependent on its
partner ESR gene in our study, and it revealed a striking
diference when MET expression was associated with ESR1
or ESR2. Together, these fndings provide a rationale for risk
stratifcation and treatment of breast cancer patients based
on gene expression of MET and ESR. Te increased ex-
pression of MET/ESR2 genes in younger patients with breast

cancer may explain the aggressive phenotype and the ad-
vanced tumor characteristics that collectively impose
a worse prognosis in this group of patients. Previous studies
have investigated the coexpression of MET and other target
receptors in breast cancer and their impact on disease
presentation and prognosis. Baccelli et al. showed that the
coexpression of METand CD47, a ligand involved in cancer
cell evasion from macrophage scavenging was strongly as-
sociated with lymph node metastasis [33]. Te coexpression
of MET and plexin-B1, the receptor of Sema4D, was asso-
ciated with advanced-stage breast and ovarian carcinoma as
indicated in MET/plexin-B1 double-positive tumors. Fur-
thermore, tumors coexpressingMET/plexin-B1 had a higher
grade and incidence of lymph node metastases [34]. Tese
fndings are particularly important in revising the classical
prognosticators in breast cancer which relied on the ex-
pression status of ERα, progesterone receptor, and HER2 as
the main receptors for classifying patients into distinct
molecular subtypes and predicting a response to therapy.

0 100 200 300 400
0

50

100

Overall survival (months)

Pe
rc

en
t s

ur
vi

va
l

p=0.1778

Chemotherapy METLow/ESR1Low

Chemotherapy METHigh/ESR1High

No chemotherapy METLow/ESR1Low

No chemotherapy METHigh/ESR1High

(a)

0 100 200 300 400
Overall survival (months)

0

50

100

Pe
rc

en
t s

ur
vi

va
l

p=0.0003*

Chemotherapy METLow/ESR2Low

Chemotherapy METHigh/ESR2High

No chemotherapy METLow/ESR2Low

No chemotherapy METHigh/ESR2High

(b)

0 100 200 300 400
Overall survival (months)

0

50

100

Pe
rc

en
t s

ur
vi

va
l

p=0.0046*

Hormonal METLow/ESR1Low

Hormonal METHigh/ESR1High

No hormonal METLow/ESR1Low

No hormonal METHigh/ESR1High

(c)

0 100 200 300 400
Overall survival (months)

0

50

100

Pe
rc

en
t s

ur
vi

va
l

p=0.0027*

Hormonal METLow/ESR2Low

Hormonal METHigh/ESR2High

No hormonal METLow/ESR2Low

No hormonal METHigh/ESR2High

(d)

Figure 6: Overall survival rate of patients with breast cancer based onMET/ESR gene coexpression and the type of treatment. Kaplan–Meier
survival analyses based on chemotherapy treatment in (a) MET/ESR1, (b) MET/ESR2, and hormonal treatment in (c) MET/ESR1, and
(d) MET/ESR2 coexpression. Log-rank (Mantel–Cox) test. ∗Indicates statistical signifcance at p< 0.05.
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Te heterogeneity of breast cancer calls for a deeper analysis
of other tumor biomarkers that could further infuence the
prognosis of patients. Considering the complexity of the
disease, expanding the number of biomarkers, and using
a combination of them could better serve this goal.

Te expression of ERα has both predictive and prog-
nostic values; however, it mainly indicates the eligibility of
patients for endocrine therapy [35, 36]. Te prognostic
impact of ERβ protein in patients with breast cancer is less
clear [8]. While some studies revealed an association be-
tween the expression levels of ERβ and OS [37, 38], other
studies revealed worse outcomes or a lack of association
[8, 39]. Te MET expression correlated with poor prognosis
in several studies in patients with breast cancer. High MET
levels were associated with an increased risk of disease re-
currence and reduced OS [15, 40]. Alternatively, other
studies showed MET expression to be associated with a fa-
vorable prognosis and increased survival in breast cancer
patients [41]. In our study, ERS1 was associated with OS in
patients, and those with low gene expression had signif-
cantly prolonged survival compared to high expression
cases. Alternatively, the expression ofMETand ESR2was not
associated with OS in our study. Similarly, Ren et al. showed
that the overexpression of MET and ERβ was not associated
with recurrence or mortality in patients with basal-like
breast cancer [10]. In addition, no diference in OS was
observed when comparing the double-low to the double-
high expression of both MET/ESR1 and MET/ESR2. Nev-
ertheless, our results revealed a prolonged OS for patients
treated with chemotherapy and coexpressingMET/ESR2 low
status compared to those who did not receive chemother-
apeutic drugs. Alternatively, survival was longer for patients
who received hormonal treatment and had high MET/ESR2
coexpression compared to those with low coexpression.
Tus, the coexpression status ofMETand ESR2 could predict

a response to treatment in patients with breast cancer. In
a study by Lee et al., the 10-year disease-free survival in
patients with MET-negative/RON-negative breast tumors
was 79.3% compared to 11.8% in patients with MET-pos-
itive/RON-positive tumors [42]. A 10.3-year diference in
mean OS was shown between MET/CD47 double-positive
and double-negative breast cancer patients who had hor-
mone receptor-positive tumors [33]. In a recent study by
Motomura et al., high coexpression of MET with aldehyde
dehydrogenase and protein kinase C was associated with an
advanced stage and poor prognosis in patients with breast
cancer compared with low coexpression [43].

Endocrine therapies such as selective estrogen receptor
modulators and aromatase inhibitors are the cornerstone
treatment for breast cancer patients with hormone-
dependent tumors [29]. Despite the well-known activity
of endocrine drugs, the rates of de novo or acquired re-
sistance are rising, thus limiting the clinical efectiveness of
such therapy [28, 44]. Te majority of ERα-positive tumors
will develop acquired resistance to hormonal drugs without
any alteration in their ER profle [45]. A proposed mech-
anism of resistance to endocrine therapy is signaling
crosstalk between ER and oncogenic RTKs [7, 29]. MET has
been shown to mediate endocrine drug resistance in breast
cancer [21, 22]. Jaeger et al. showed a synergistic anticancer
efect for the combination of raloxifene with the MET in-
hibitor cabozantinib in hormone receptor-positive breast
cancer cells [3]. In addition, recent studies from our lab
demonstrated remarkable synergistic anticancer activity for
the combination of crizotinib, a MET inhibitor, with the
endocrine drugs tamoxifen and fulvestrant in diferent
breast cancer cell lines in vitro [46, 47]. Taken together, MET
could be an appealing target for the treatment of hormone-
dependent breast cancer. Findings from this study highlight
the importance of molecular ER subtyping at the diagnosis
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of breast cancer along with the MET expression status. Te
expression profle could point out patients who are at higher
risk of poor outcomes based on the panel of prognostic
factors analyzed in this study. Te availability of clinically
approved MET inhibitors expands the treatment options to
consider in patients with hormone-dependent tumors who
lack response or develop resistance to their endocrine
therapies. A high expression of MET and ERβ could be
a novel biomarker to investigate among patients with limited
response to drugs targeting ERα. In this regard, the clinical
usefulness of MET inhibitors in patients harboring breast
tumors with high ERβ expression is worth investigating.
Nevertheless, translating our fndings into clinical settings
could be faced with several challenges, most importantly the
development of standardized gene expression profling tools
and protocols for the coexpression of MET and ESRs. In
addition, the low possibilities of gene testing signatures of
ERs in the early diagnosis phase and the lack of standardized
immunohistochemical staining assays for MET could add
another layer of complexity [48]. Besides, the feasibility, cost,
and turn-around time of such investigations must be
addressed to ensure that patients can beneft from these
insights promptly.

Despite the insightful fndings, our study has some
limitations. Our fndings are based on the mRNA expression
levels of the ESR andMETgenes. While the mRNA levels are
informative, they do not necessarily correlate with protein
expression levels and function, which are ultimately re-
sponsible for the phenotypic outcomes in cancer. Hence, our
results should be interpreted with caution, acknowledging
that mRNA expression may not fully capture the complex
regulation and activity of ERs and MET in breast cancer. In
addition, the observational design of our study limits the
ability to infer causality between the gene expression pat-
terns and the clinical outcomes. Future research should
address these limitations. Prospective, multicenter studies
are essential to confrm our fndings and ensure their ap-
plicability across diverse patient populations. Moreover,
integrating proteomic analyses with genomic data could
provide a more comprehensive understanding of the role of
ERs andMETprotein levels and their functional interactions
in breast cancer. Longitudinal studies that monitor changes
in MET and ESR expressions during treatment would ofer
valuable insights into their roles as potential biomarkers for
treatment response and disease progression. Alongside,
preclinical studies can help understand the role of MET
inhibitors in models of breast cancer and analyze the role of
MET in responding to endocrine treatment to pave the way
for clinical trials to explore the usefulness of combinational
treatment approaches of MET inhibitors and hormonal
therapies.

5. Conclusions

Due to the complexity and heterogeneity of breast cancer,
exploring new prognostic factors and therapeutic targets is

of paramount importance. To our knowledge, this is the frst
study to analyze the association ofMETand ESR expressions
in breast cancer. Our fndings revealed distinct coexpression
patterns ofMET/ESR1 andMET/ESR2, each correlating with
specifc clinicopathologic features and clinical outcomes,
thereby enriching the prognostic landscape of breast cancer.
Importantly, we demonstrate the potential of MET/ESR
coexpression as a robust prognostic tool, especially in
predicting survival outcomes for patients undergoing che-
motherapy or hormonal therapy. Our study calls for
a comprehensive re-evaluation of the impact of ERβ in
breast cancer, which could infuence the treatment ap-
proaches and prognostic assessment of the disease. Future
research will be needed to deepen our understanding of the
molecular interplay between ER and MET to integrate these
markers into clinical decision-making processes towards
personalizing breast cancer care. Figure 7 summarizes the
main fndings from this study.
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