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Endometrial cancer (EC) is the most common gynaecologic malignancy in the developed countries. Recent evidence suggests that
histopathological subtyping together with molecular subgrouping can lead to more accurate assessment of the risk profile for the
patient. Clinical studies suggest the currently used molecular classification improves the risk assessment of women with
endometrial cancer but does not explain the differences in recurrence profiles clearly. This could be improved by novel
markers. One of such are mutations in the β-catenin (CTNNB1) gene, a frequently mutated gene in endometrial cancer. This
shows mutations mostly at phosphorylation sites of the β-catenin and almost exclusively in the endometrial subgroup of no
specific molecular profile. CTNNB1 mutations lead to alterations in the Wnt/β-catenin signalling pathway, involved in the
carcinogenesis and progression of EC by inducing transcription of target genes, whose function is to regulate the cell cycle.
Although tumours with mutations in CTNNB1 tend to have low-risk characteristics, they are related to worse outcomes with
significantly increased rate of disease recurrence and lower overall survival.

1. Introduction

Endometrial cancer (EC) is the most common gynaecologic
malignancy in Europe and second most common worldwide
with an incidence of 417 367 in 2020 [1, 2]. In 70-75% of
cases, EC is diagnosed in the early stage of the disease. The
average overall 5-year survival rate is 76%, and in low-risk,
early-stage disease, the 5-year survival exceeds 90% [2, 3].
But even when EC is diagnosed and managed at an early
stage, the disease recurs in up to 20% of cases. Unfortu-
nately, the median survival for recurrent or metastatic dis-
ease barely exceeds 12 months [4]. Developing new tools
to prevent and predict EC recurrence is therefore of critical
importance to improve the management of the disease.
The aim of this review is to assess the role of CTNNB1 (β-
catenin) in EC as a possible biomarker for risk stratification.

2. Molecular Classification of EC

EC is today the most commonly diagnosed gynaecological
malignancy and is managed according to the European Soci-

ety for Gynaecologic Oncology/European Society for Radio-
therapy and Oncology/European Society for Pathology
(ESGO/ESTRO/ESP) guidelines for EC [2]. Histopathologic
typing of tumours is performed based on the World Health
Organization (WHO) Classification of Tumours (5th edi-
tion) [5], including the histopathologic type, grade, myome-
trial invasion, and lymphovascular space invasion (LVSI).
EC is divided into the following histopathological subtypes:
endometrioid adenocarcinoma, serous adenocarcinoma,
clear-cell adenocarcinoma, and either undifferentiated or
dedifferentiated adenocarcinoma. Tumours are additionally
graded with a binary grading system as either low-grade
(FIGO grade 1 and 2) or high-grade (FIGO grade 3) [2, 5].

The recent ESGO/ESTRO/ESP guidelines suggest that
molecular characterisation of the tumours should be applied
where available. Molecular characteristics of tumours con-
tribute to risk stratification of both low-grade and high-
grade tumours and better diagnosis reproducibility, espe-
cially of high-grade tumours [5, 6]. In high-grade EC, the
prognosis further varies between the histopathological sub-
types with serous tumours having significantly poorer
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prognosis than endometrioid carcinoma. Therefore, poor
reproducibility of histopathological diagnosis can in some
cases lead to erroneous risk stratification [5, 6].

WHO Classification of Tumours (5th edition) lists four
molecular subtypes of EC. Those are (1) POLE (DNA Poly-
merase Epsilon) ultramutated tumours, (2) mismatch
repair-deficient (MMRd) tumours, (3) p53-mutant tumours
(p53abn), and (4) tumours of no specific molecular profile
(NSMP) [5]. Data of different research groups show that
among different molecular subtypes, endometrial carcinoma
falls into the NSMP group in 44-56% of cases, the MMRd
group in 25-34% of cases, to the p53abn group in 8-26%,
and into the POLEmut group in 3-6% of cases [7–9].

Based on described histopathological and clinical evalu-
ation, patients are stratified into one of the prognostic risk
groups as shown in Figure 1, depending also on whether
the information about molecular classification of the tumour
is available [2].

To compare with histopathological subtypes, endome-
trioid tumours are more commonly POLE-ultramutated,
MMRd, or NSMP, whereas other histological subtypes of
tumours fall into the category of p53-abn [10, 11]. Most
endometrioid tumours have few somatic copy-number alter-
ations (SCNAs) whereas most serous and serous-like
tumours exhibit extensive SCNAs, and the extent of SCNA
roughly correlates with progression-free survival [12]. How-
ever, there is substantial variability in the clinical course of
the disease, associated with both morphological and molec-
ular features of the tumour [13].

3. Study Selection Methods and
Data Evaluation

A broad-spectrum literature review was performed through
the Medline database. We included search terms on the
CTNNB1 gene as well as the protein beta-catenin to fully
assess the available literature on endometrial cancer. The
study selection process is depicted in Figure 2. Study selec-
tion was performed in November 2021.

In accordance with the aims of this review, titles were
excluded if studies had not specifically focused on CTNNB1
mutation and assessed data against this mutation (e.g.,
CTNNB1 as part of a multigene molecular panel with no
specific analysis pertaining CTNNB1), if they were focusing
on therapeutics, or if they were focused on other cancer sub-
types. The final selection of studies included clinical studies,
diagnostic studies, as well as mechanistic and genetic studies
of CTNNB1/beta-catenin in endometrial cancer.

In addition to the literature review, a further analysis of
publicly available databases of genetic mutations in human
cancer, namely, The Cancer Genome Atlas (TCGA) [14],
cBioPortal for Cancer Genomics [15, 16], and Catalogue of
Somatic Mutations (COSMIC), [17] was performed.
Tumour samples from the TCGA database were selected if
the defined primary cancer sites (in the) uterus (NOS) or
corpus uteri and if they harboured any CTNNB1 mutation
regardless of the tumour type or any other filters. From
cBioPortal database, all studies of uterine tumours were
selected and analysed for the CTNNB1 gene. The COSMIC

database for CTNNB1 mutations was searched by filtering
data to “endometrium” as the target tissue. This search
resulted in 119 identified mutations from TCGA database
and 349 mutations from cBioPortal. Duplicate mutations
were removed in tissue samples originating from the same
volunteer. Additional 135 mutations were also identified
from the COSMIC database. All listed mutations were
mapped based on the amino acid sequence of beta-catenin
protein. List of mutations was compared to the interaction
sites between β-catenin and other proteins. List of interac-
tions was based on the intracellular function of beta catenin,
linked to the carcinogenesis and progression of EC.

4. Wnt Signalling and (over) Expression of β-
Catenin in EC

Hyperactivation of Wingless/int1 (Wnt)/β-catenin signal-
ling has been implicated in tumorigenesis, tumour progres-
sion, recurrence, and chemoresistance of gynaecological
malignancies [11, 18–20]. Specifically, Wnt signalling pro-
motes metastasis and therapy resistance in ovarian cancer,
plays a crucial role in tumorigenesis and recurrence in endo-
metrial cancer, and participates in human papillomavirus
(HPV) related tumorigenesis and metastasis in cervical can-
cer [21].

When activated, β-catenin-dependent Wnt signalling
pathway leads to the accumulation of β-catenin in the cyto-
sol and to formation of β-catenin complexes with T cell fac-
tor/lymphoid enhancer factor family (TCF/LEF-1) which act
as transcription factors. Those complexes are afterwards
translocated to the nucleus and induce transcription of
responsive genes, among them are c-MYC (cellular protoon-
cogene homologous to myelocytomatosis virus) and CCND1
(cyclin D1) [21]. Proteins, encoded by those genes, function
mostly as regulators of cell cycle, and their overexpression is
linked to a variety of human cancers [22, 23]. Figure 3 sum-
marizes the intracellular function of β-catenin in Wnt sig-
nalling pathway, also known as canonical pathway.

In a normal cell, without activation of Wnt signalling
pathway, excessive cytosolic β-catenin is phosphorylated
and later degraded by proteasomes [19, 21, 25]. However,
most common mutations of CTNNB1 gene occurring in
EC are the mutations of exon 3, which encodes the N termi-
nal region of the protein—its binding site for ubiquitin. Such
mutations therefore lead to inefficient ubiquitination of β-
catenin and subsequent failure of its degradation by protea-
some. This causes accumulation of β-catenin in the cyto-
plasm of the cell and in turn activates the Wnt/β-catenin
signalling pathway [18, 21].

5. CTNNB1 Mutations in EC

Among more frequent genetic mutations in EC are alter-
ations in the catenin beta-1 or β-catenin (CTNNB1) gene,
occurring in approximately 20-25% of tumours [21]. Cate-
nins are a group of three subtypes (α, β, and γ) of cytoplas-
mic proteins, interacting with cadherins (Figure 3). Either β-
catenin or plakoglobin (γ-catenin) forms a connection
between the cytoplasmic region of E-, N-, and P-cadherins
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and α-catenin, which binds to cytoskeletal actin filaments
(Figure 3) [26]. Therefore, β-catenin plays an important role
in cell-to-cell adhesion, but apart from being an adherent
junction protein, it also has an important role in the Wing-
less/int1 (Wnt) signal transduction pathway that regulates
cell proliferation and differentiation [27–29].

Exon 3 mutations in CTNNB1 are frequently missense
mutations. These mutations mostly occur at phosphoryla-
tion sites of glycogen synthase kinase 3 beta (GSK-3β):
S33, S37, and T41, phosphorylation sites of casein kinase
1α (CK1α): S45 and sites of interaction with F-box/WD
repeat-containing protein 1A (Fbw1): D32 and G34 [30,
31]. They occur almost exclusively in NSMP molecular sub-

type of EC [12, 32]. Additionally, the presence of CTNNB1
mutations appears to be independent of the presence of
microsatellite instability, and the mutational status of PTEN
(phosphatase and tensin homolog) and KRAS (Kirsten rat
sarcoma viral oncogene homolog) [32–34]. Kim and Jeong
summarized activating mutations of CTNNB1 in endome-
trial cancer cell lines, occurring at some beforementioned
and other sites: D32V, S37P, S37C, D207G, and X561_
splice [31]. Although other mutations of the CTNNB1
gene have been identified and associated with EC, Liu
et al. found that Wnt/β-catenin signalling pathway was
not enriched in cases where CTNNB1 was mutated outside
exon 3 [18].

"CTNNB1” (n = 93) 
“Beta-catenin” (n = 172)

AND 
“Endometrial cancer”

• Record identification

265 Records pre-screened
Exclusion: Language other than English (n = 2)

Exclusion: Not original research (n = 33)
Exclusion: Duplicates (n = 10)

Exclusion: Title/abstract not on topic (n = 112)

• Record pre-screening 

108 Titles included
Exclusion: No report on
CTNNB1/beta-catenin

Assessment (n = 38)
Exclusion: Not on topic (n = 47)

• Full text screening 

33 Records
included in review

Figure 2: Study selection process.
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Figure 1: Diagram of risk stratification for patients with EC based on WHO Classification of Tumours (5th edition) and ESGO/ESTRO/ESP
guidelines for the management of patients with endometrial carcinoma considering molecular subtypes of EC [5, 7].
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Since there is little data about the CTNNB1 mutations
outside of exon 3, we mapped all known mutations of
CTNNB1 in EC from TCGA [14], cBioPortal [15, 16], and
COSMIC [17]. As expected, and shown in Figure 4, most
identified mutations of CTNNB1 in EC tumours are located
within exon 3. There are various coding and noncoding
mutations outside of exon 3, among which, very few are
identified as either driver (filter used by cBioPortal) or path-
ogenic (filter used by COSMIC) mutations as opposed to
variants of unknown significance (VUS) (filter used by cBio-
Portal) or neutral mutations (filter used by COSMIC). To
check for other possible clinically important mutations of
CTNNB1, we cross-referenced binding sites of proteins,
interacting with β-catenin [35], with all three beforemen-
tioned databases.

β-Catenin interacts with axin and APC as a part of its
destruction complex [36]. It binds with axin on Thr257,
Ile296, Ser250, and Trp338 residues [37], none of which
were found to be mutated in EC. Its binding with APC is
more complex, extending from residues 145-665 of β-
catenin excluding the loop in armadillo repeat 10 (residues
553-560) which bind with 20 aa repeat complexes of APC
[38]; thus, a point mutation of β-catenin would hardly affect
its binding with APC. Similar to its binding with APC, inter-
action with β-catenin and other adherent junction proteins,
namely, α-catenin and E-cadherin, forms in proximity of
armadillo (ARM) repeats and includes a larger number of
residues. Our genetic dataset analysis has not identified a
mutation of the highly conserved Y654-β-catenin-D665-E-
cadherin binding site [39] in any of the EC tumours.
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Figure 3: Intracellular functions of β-catenin. β-Catenin as adherent junction protein is (together with γ-catenin) attached to cadherin via
δ-1 catenin or p120 protein, both are also attached to α-catenin, which is connected to the actin filaments of cytoskeleton. Intracellular
function of Wnt/β-catenin pathway is shown in the presence and absence of Wnt ligand. (a) In the absence of Wnt ligand, β-catenin is
phosphorylated by the destruction complex containing axin, adenomatous polyposis coli protein (APC), glycogen synthase kinase 3 beta
(GSK-3β), and casein kinase 1α (CK1α), ubiquitinated by F-box/WD repeat-containing protein 1A (β-TrCP or Fbxw1), and targeted for
proteasomal degradation. In the absence of β-catenin, the transcription complex T cell factor/lymphoid enhancer factor family LEF/TCF
remains repressed. (b) When Wnt ligands bind to Frizzled (Fzd) receptors and lipoprotein receptor-related protein (LRP) coreceptors
the latter being responsible for recruiting dishevelled (Dvl) polymers which inactivate the destruction complex leading to the
accumulation of β-catenin in the cytosol. β-Catenin is translocated from the cytosol to the nucleus where it forms and active complex
with LEF/TCF proteins and other histone modifying coactivators∗∗ leading to transcription of multiple genes, involved in the process of
cell maturation and proliferation [24].
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6. β-Catenin as Adherent Junction Protein

β-Catenin plays an important role as an adherent junction
protein (Figure 3), and its dysfunction due to mutations of
CTNNB1 could also lead to decreased cell-to-cell adhesion.
This has in fact been reported in about 15% of ECs [40].
The process in which epithelial cells transform into
fibroblast-like mesenchymal phenotype, thus losing their
polarity and cell-to-cell contacts, is called epithelial to mes-
enchymal transition (EMT) [41]. In adult organisms, EMT
is important for folliculogenesis and occurs as a physiologi-
cal response to injury during the wound healing. In cancer
cells, EMT allows the tumour cells to dissociate, migrate,
and metastasize. EMT also induces cancer stem cell traits,
i.e., prevents cell apoptosis and ageing, induces resistance
to chemotherapy, and contributes to immunosuppression
[42]. The EMT signalling pathway may be activated by sev-
eral cytokines or growth factors from the local microenvi-
ronment that can be followed by the interaction with Wnt/
β-catenin pathway. Specifically, nuclear function of β-
catenin has been shown to promote EMT by upregulating
expression of Snail Family Transcriptional Repressor 2 gene
(SNAI2), also known as Slug [41–43]. This could mean that
mutations in exon 3 of CTNNB1, triggering overexpression
of β-catenin, could also predispose to the process of EMT
in EC, although the connection between the two has not
yet been proven. On the other hand, the process of EMT is
associated to the loss of E-cadherin, due to its repressed
transcription in cancer cells, causing downregulation of
other adhesive epithelial markers [43]. Reduced expression
of both, E-cadherin and β-catenin (in apical cytoplasm and
not in the nucleus), has been associated with EMT [40].
However, it is not yet clear whether mutations of CTNNB1
could in any way influence either the reduced expression
of β-catenin or its interaction with E-cadherin.

7. Immunohistochemical Methods for
Detection of CTNNB1 Mutations

The tumour CTNNB1 status is most precisely determined
through the identification of specific mutations of CTNNB1
in EC. This is done by sequencing of exon 3 [44]. Sequencing
can be performed using targeted Sanger sequencing or next
generation sequencing (NGS). However, NGS which was
also used through the discovery process for identification
of molecular subtypes of EC is costly and complex for rou-
tine clinical use [12, 45]. Since the intracellular location of
β-catenin can be determined with immunohistochemistry
(IHC), it has been suggested to use IHC methods as a proxy
for CTNNB1 mutations in EC [46].

There are currently no standardized criteria for interpre-
tation of β-catenin immunostaining in EC yet. There is
strong membrane β-catenin immunopositivity observed in
normal endometrium and endometrial hyperplasia and a
great variety of staining patterns in EC [47]. Florescu et al.
found significant differences between intensity of membra-
nous β-catenin immunopositivity and degree of tumour dif-
ferentiation, invasion in the myometrium and tumour stage
[40]. Such findings suggest that decreased expression of β-
catenin, characteristic of EMT, could also be determined
by IHC methods [13, 40]. Machin et al. found a correlation
between exon 3 mutations of CTNNB1 and nuclear β-
catenin immunostaining [48]; thus, more recent studies tried
to validate IHC methods as a surrogate for identification of
exon 3 mutations in CTNNB1 [44, 46, 49]. Validation studies
show that specificity of β-catenin IHC for exon 3 mutations
of CTNNB1 is very high. In some reports, compared with
detection using NGS, the specificity even reached 100%
[44, 46]. Sensitivity, however, was lower (85-91%), which is
possibly due to nuclear localisation of β-catenin, which is
often focal and with different degrees of intensity [44, 46,
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49]. With respect to intensity, weak nuclear expression of β-
catenin can also be observed in proliferative phase of normal
endometrium [50].

8. Clinical Significance of CTNNB1 Mutations

Clinicopathological and molecular characteristics of the EC
stratify ECs in prognostic groups, which guide the selection
of additional therapy interventions [2, 7]. Information about
the clinical value of additional prognostic risk factors such as
CTNNB1 mutations emerged later and helps to better delin-
eate prognostic profiles, especially of FIGO stage I EC [51].
Tumours with mutations in CTNNB1 tend to have low-
grade histology, low rates of myometrial invasion with low
rates of LVSI. They usually occur in women with EC at
younger age, which clinically indicates a low risk of recur-
rence [11, 18, 20, 48]. However, mutations of CTNNB1 gene
are related to worse outcomes with significantly increased
rate of disease recurrence and lower overall survival, com-
pared to other tumours with low-grade histology, specifically
in relation to mutations in exon 3 [20, 52]. This shows the
necessity of integrating molecular markers to adequately
assess the prognosis of tumours with low-grade histopathol-
ogical characteristics to adjust therapeutical solutions and
offer possibility of targeted therapy. Summary of published
data on clinical outcomes of patients with CTNNB1 muta-
tion is presented in Table 1. These retrospective data assess-
ments indicate that mutations in CTNNB1 are associated
with worse recurrence free survival and could possibly be
prognostic for distant metastasis. Based on the frequency
of CTNNB1 mutated tumours in NSMP group (26–52%)
with independent prognostic value, some authors propose
CTNNB1–mutated ECs may be regarded as a fifth molecular
subgroup [53, 54].

Dysfunction of either of its intracellular functions due to
mutation of CTNNB1 gene or other dysregulation of Wnt/β-
catenin signalling pathway has been linked to the develop-
ment and progression of EC. Costigan et al. reported recur-

rence rate of 30% for FIGO stage IA tumours with CTNNB1
mutation in exon 3 in comparison to no recurrence in same
stage tumours with wild-type CTNNB1. Also, 40% of recur-
rent tumours already metastasized to the lungs [49]. Stello
et al. found stage 1 EC tumours with POLE mutation and
tumours without microsatellite instability and with CTNNB1
wild type are associated with favourable prognosis whereas
tumours with microsatellite instability and CTNNB1 exon
3 mutations are associated with intermediate prognosis
based on current risk stratification system [55]. Kurnit
et al. similarly found higher risk of recurrence of low grade,
low stage tumours with CTNNB1mutations (HR: 5,97; 95 CI
[2,69-13,21]; p < 0,001) [32]. Mutations of CTNNB1 have
also been associated with tumours in younger patients [18,
32]. CTNNB1 status can be used to stratify FIGO stage I
tumours into group with a favourable prognosis (CTNNB1-
wild type, with a similar prognosis to POLEmut tumors)
and group with an unfavourable prognosis (CTNNB1-
mutant, with a similar prognosis to MMRd) [51].

There are two basic mechanisms related to CTNNB1
mutations that directly influence the development and pro-
gression of the disease. First, dysregulation of cell cycle is
linked to the mutations of exon 3 in CTNNB1 gene, making
it resistant to ubiquitinisation, thus leading to its intracellu-
lar accumulation and subsequently expression of various
protooncogenes. Secondly, defective function of cell-to-cell
adhesion influences the metastatic potential of tumour, lead-
ing to more aggressive growth of the lesion.

Understanding the role of CTNNB1 and its transcript β-
catenin in the carcinogenesis of the EC can lead to better risk
stratification models and possible better identification of
patients with potentially worse disease prognosis. Although
dysfunction of β-catenin can influence the development
and progression of EC through different molecular path-
ways, clinical significance of the CTNNB1 mutations, occur-
ring outside of exon 3, has not yet been determined.
Currently, the most important issue is how to efficiently
detect the CTNNB1 mutations or its intracellular

Table 1: Summary of published data on clinical impact of CTNNB1 mutations in EC.

Study Setting No. of cases Outcome

Kurnit et al. 2017 [32] Retrospective 342
Mutations of CTNNB1 were connected to worse recurrence

free survival, tumours in younger patients, low-grade histology,
and lower rates of LVI, PNI, and myometrial invasion.

Imboden et al. 2020 [4] Retrospective 41
Mutations of CTNNB1 were most common type of mutations in

primary tumours with low-grade histology.

Ruz-Caracuel et al. 2021 [52] Retrospective 218
Mutations in exon 3 of CTNNB1 were significantly associated
with decreased disease-free survival in patients with low-grade,

early-stage EEC.

Stelloo et al. 2016 [55] Retrospective 834
Mutations in exon 3 of CTNNB1 were prognostic for

distant recurrence of the disease.

Costigan et al. 2021 [49] Retrospective 79
Tumours with mutations of CTNNB1 had higher rate in patients
with stage IA disease at diagnosis and included distant metastases.

Moroney et al. 2019 [56] Case-control 15
Mutations of CTNNB1 are present at significantly higher rates in

recurrent stage I, grade 1 endometrial cancers.

Liu et al. 2014 [18] Retrospective 271
Mutations in exon 3 of CTNNB1 were statistically

significantly correlated with younger patients in the TCGA cohort.
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consequences in the routine diagnostic evaluation. The need
for molecular characterization (specifically sequencing),
which requires complex tissue preparation, makes the
method costly for routine use.

Most cases of EC are still classified as nonspecific molec-
ular profile (NSMP) [8], leaving a heterogenous group of
women with different aggressiveness profiles of EC still with-
out an exact understanding of their prognosis. Therefore,
new exploration of biomarkers to aid the currently estab-
lished standards is needed. There is emerging evidence on
other molecular markers that play important role in deter-
mining the prognosis of more aggressive behaviour in EC.
They enable additional risk stratification in already estab-
lished molecular subgroups of EC [51].

Wnt signalling has been involved with some other sig-
nalling pathways, such as mammalian target of rapamycin
kinase (mTOR) pathway, which regulates cell growth, prolif-
eration, apoptosis, and angiogenesis [57, 58]. The enhance-
ment of mTOR pathway is currently being studied as a key
cause for endometrial cancer drug resistance [59]. Research
of mTOR pathway has been focused on identifying potential
targets for treatment of EC with biologics [59–61]. Both
mTOR pathway and Wnt signalling have been linked to
EMT process. Identifying key molecules of those pathways
can contribute to improvement of targeted treatment
options [62]. Another perspective biomarkers is ARID1A, a
tumour suppressor gene encoding a large nuclear protein,
involved in chromatin remodelling [63]. Mutation of
ARID1A and its subsequent loss of expression can be easily
assessed with immunohistochemistry [63, 64]. As prognostic
marker, reduced expression of ARID1A has been linked to
shorter progression-free survival in endometrium-related
cancer as well as higher FIGO stage. It may also play an
important role in transition from complex atypical hyper-
plasia to carcinoma [53, 64].

9. Conclusions

The process of carcinogenesis and progression of EC has
been linked to mutations in CTNNB1 gene, which encodes
β-catenin, an adherent junction protein that also plays an
important part in the Wnt/β-catenin signalling pathway.
Identifying mutational status of the CTNNB1 gene, espe-
cially in low-grade tumours, is important for more accurate
risk stratification of patients and could potentially lead to
better management of women. Clinical studies showed that
EC with CTNNB1 mutations has worse outcome with signif-
icantly increased rate of disease recurrence and lower overall
survival. Our analysis of identified CTNNB1 mutations
shows there are currently no clinically important mutations
of CTNNB1 outside of its exon 3 that could influence the
interaction of β-catenin with other adherent junction pro-
teins. However, reduced expression of β-catenin in EC can
lead to the progression of the disease and EMT. Therefore,
further studies are needed to determine the role of β-catenin
more specifically in EMT of EC and its influence on the
prognosis of the disease. Exon 3 mutations lead to transloca-
tion of β-catenin to the nucleus which can be detected by
IHC. It would still be necessary to validate clinical applica-

bility of IHC for β-catenin and standardize criteria for inter-
pretation of immunostaining.
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