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Abstract 
Endometrioid (type I endometrial) carcinoma is the most prevalent form of endometrial cancer and is strongly 
associated with genetic alterations, particularly involving phosphatase and tensin homolog (PTEN) gene. PTEN 
protein is a crucial component of the protein kinase B (PKB)/Akt signaling pathway, which plays a significant role 
in regulating cell cycle arrest and inducing apoptosis. The loss or mutation of PTEN can disrupt this pathway, 
contributing to uncontrolled cell proliferation and cancer progression. Recent studies indicate that PTEN genetic 
alterations are not limited to mutations or loss of expression but also involve complex variations such as gene 
deletions, structural changes, and diverse regulatory disruptions. Genetic alterations involving PTEN are frequently 
observed in endometrioid-type endometrial carcinomas, particularly in tumors that develop from premalignant 
lesions. These alterations, whether mutations, deletions, or reduced expression, significantly disrupt the regulation 
of cell growth and key signaling pathways, thereby driving tumor initiation and progression. By providing a 
more integrated understanding of the multifaceted genetic changes in PTEN, this review highlights emerging 
opportunities for early detection, refined risk stratification, and the advancement of gene-targeted therapeutic 
strategies specifically for the endometrioid subtype of endometrial cancer.
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Introduction
Endometrial carcinoma is a malignancy of the female 

reproductive system that originates from primary tumors 
in either the ovary or endometrium (Zheng, 2023). 
Carcinogenesis of endometrial cancer is closely associated 
with endometriosis, a benign disorder of the female 
reproductive system. Endometriosis is defined as the 
presence of endometrial glands and stroma outside their 
normal location (the uterus) (Mahdy et al., 2024; Zheng, 
2023). Based on the clinical and clinicopathological 
characteristics, endometrial carcinoma is classified into 
two types: endometrioid endometrial carcinoma (EEC, 
type I) and non-endometrioid carcinoma (type II) (Zheng, 
2023).

The majority of endometrial cancer cases (75%–
80%) are classified as endometroid (type I) endometrial 
carcinoma (Zheng, 2023). The type I is more commonly 

diagnosed in premenopausal or perimenopausal women 
and is influenced by estrogen, which is often associated 
with endometrial hyperplasia with atypia (Abdol Manap 
et al., 2022; Burleigh et al., 2015). Histologically, nearly 
all type I cancers arise from endometrial hyperplasia, 
exhibit endometrioid differentiation, and are considered 
to be low-grade tumors (Brooks et al., 2019). Clinically, 
this type of cancer is well characterized. In contrast, non-
endometrioid (type II) endometrial carcinoma, which 
accounts for 10%–20% of all endometrial cancer cases, 
is unrelated to the estrogen pathway and originates from 
the atrophic endometrium. This subtype typically occurs 
in older women (Ebring et al., 2023). 

In Indonesia, endometrioid (type I endometrial) 
carcinoma is also the most common form of endometrial 
cancer, making up around 75%–80% of all cases (Hidayati 
et al., 2021). Reports from several hospitals in the country 
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show that this cancer is often diagnosed in relatively 
young postmenopausal women and is typically detected 
at early clinical stages, which generally provides a better 
chance for successful treatment. Many patients also have 
low-grade tumors, which tend to have a more favorable 
prognosis ( Hutapea et al., 2024). These patterns highlight 
the importance of early detection and careful clinical 
assessment to improve patient outcomes of endometrial 
cancer in Indonesia.

 Carcinogenesis of endometrial carcinoma is a complex 
process involving epigenetic and genetic alterations, 
including accumulated defects in growth control 
pathways, abnormalities in oncogenes, tumor suppressor 
genes, and genes involved in DNA repair (Banno et al., 
2014). Mutations affecting tumor suppressor genes, such 
as PIK3R1, PIK3CA, and PTEN, are among the most 
common genetic alterations (Urick & Bell, 2019).

PTEN undergoes homozygous deletion mutations in 
various carcinomas, including nasopharyngeal, prostate, 
and breast cancers (Carbognin et al., 2019; Y. Chen et al., 
2024; Zhou et al., 2019). PTEN mutations are detected 
in over 77% of endometrial carcinoma cases, particularly 
in the endometroid carcinoma (Bianco et al., 2020). 
PTEN is not only the most frequently mutated gene in 
endometrial carcinoma but also has one of the highest 
mutation frequencies among primary tumors. Inactivation 
of the PTEN tumor suppressor gene (formerly known as 
MMAC1) is observed in up to 83% of tumors originating 
from distinct premalignant phases. PTEN mutations occur 
in 20%–33% of atypical endometrial hyperplasia cases 
and 33%–50% of endometrial cancer cases, indicating 
PTEN’s role in the early stages of carcinogenesis 
(Manning-Geist et al., 2021; Tashiro et al., 1997).

This review aimed to elucidate the role of PTEN in 
the genetic alterations involved in the carcinogenesis 
of endometrioid carcinoma. A deeper understanding of 
PTEN involvement in carcinogenesis may contribute to 
the prevention and diagnosis of endometrial cancer, risk 
assessment, and the development of targeted therapies for 
mutated genes in type I endometrial carcinoma.

Endometrial carcinoma
Prevalence and risk factors

Endometrial cancer is the 15th most common cancer 
globally and the 6th most common cancer among women 
worldwide. In 2019, 435,041 new cases of endometrial 
cancer and 91,641 related deaths were reported globally 
(Sung et al., 2021). Endometrial cancer also has a high 
prevalence in Indonesia. According to GLOBOCAN 
2022, 8,384 new cases and 2,454 deaths (18% of total 
endometrial cases) have been reported in the country 
(Bray et al., 2024). 

Risk factors for this cancer include excessive estrogen 
exposure, use of tamoxifen-class drugs, age at menarche, 
late menopause, weight gain, obesity, metabolic syndrome, 

and family history (PDQ Screening and Prevention 
Editorial Board, 2023). Although many of these risk 
factors have been identified, the etiology of endometrial 
cancer continues to evolve. It is a complex disease that 
can develop from genetic and epigenetic alterations as 
well as environmental factors. Recently, various studies 
have highlighted the critical role of genetic alterations in 
regulating gene expression during carcinogenesis (Urick 
& Bell, 2019).

Type of endometrial carcinoma
According to The International Federation of 

Gynecology and Obstetrics (FIGO) system, this cancer 
is staged from stage I to IV, reflecting disease severity 
based on histological type, tumor pattern, and molecular 
classification (Berek et al., 2023). Early-stage disease is 
the most common, with a 5-year overall survival (OS) 
rate of 81%; however, for stage IVA and IVB endometrial 
cancer, the 5-year OS decreases to only 17% and 15%, 
respectively (Bartosch et al., 2015). Endometrial cancer 
can be classified into two types, endometrioid endometrial 
carcinoma (EEC, type I) and non-endometrioid 
endometrial carcinoma (type II), based on histological 
and molecular characteristics, and prognosis (Mahdy et 
al., 2024; Zheng, 2023).

Endometrioid carcinoma
Endometrioid carcinoma is the most common type of 

endometrial cancer, accounting for 70%–80% of cases 
(Berek et al., 2023). Type I tumors are morphologically 
characterized by high-to-moderate levels of differentiation 
and superficial myometrial invasion. This subtype is 
progesterone-sensitive and is generally associated with a 
better prognosis than type II (Mahdy et al., 2024).

The endometrium is a classical target tissue for ovarian 
steroid hormones, such as estrogen and progesterone, both 
of which play crucial roles in the pathogenesis of EEC 
(Bartosch et al., 2015). Estrogen promotes EEC growth, 
whereas progesterone inhibits it. These hormones act via 
their respective receptors located in the cell nucleus. The 
loss of estrogen and progesterone receptor expression is 
associated with more aggressive cancer phenotypes and 
lower survival rates. One of the mechanisms responsible 
for receptor expression is promoter hypermethylation. 
Additionally, variations in the expression of estrogen 
receptor subtypes (ERα and ERβ) as well as differences 
in progesterone receptor isoforms (PR-A and PR-B) also 
influence changes in endometrial cell proliferation and 
differentiation (Odetola et al., 2020).

Carcinogenesis of endometrioid 
carcinoma

The most common type, endometrioid carcinoma 
(type I), arises from endometrial hyperplasia caused 
by excessive estrogen exposure. By contrast, non-
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endometrioid/serous endometrial cancer (type II) is not 
associated with estrogen levels and is thought to originate 
from atrophic epithelial cells. Some studies have indicated 
that type II endometrioid carcinoma develops from 
endometrial intraepithelial carcinoma lesions, resulting 
from malignant transformation of the endometrial surface 
epithelium (Banno et al., 2014; Sherman, 2000).

At the molecular level, type I endometrial carcinoma 
is commonly associated with microsatellite instability 
(MSI) and mutations in several genes, including PTEN, 
K-ras, and β-catenin. On the other hand, mutations in type 
II endometrial carcinoma are more frequently linked to 
oncogene HER-2/neu and p53 tumor suppressor gene 
mutations (Figure 1). In addition to these gene mutations, 
retinoblastoma protein (pRb) and cyclins may be 
involved in endometrial cancer carcinogenesis. Cyclins 
are proteins that regulate the cell cycle by interacting 
with cyclin-dependent kinases (CDKs) and are often 
overexpressed in endometrial cancer (Chen et al., 2020). 
Unphosphorylated pRb inhibits cell proliferation during 
the G0 and early G1 phases of the cell cycle. However, 
when phosphorylated by the cyclin-CDK complex, pRb 
releases E2F transcription factor, which enhances DNA 
polymerase activity and promotes cell proliferation 
(Banno et al., 2014; Sherman, 2000).

Endometrioid carcinoma is often associated with 
atypical endometrial hyperplasia (AEH). AEH acts as a 
precursor lesion in most type I endometrial carcinoma 
cases (Chou et al., 2024). The similarity between the 
morphology of AEH and type I endometrial carcinoma 
suggests a pathogenic relationship between these two 
lesions. Studies have shown that these two lesions share 
similar immunohistochemical and molecular markers 
(Kandoth et al., 2013; Sherman, 2000).

The progression of endometrial hyperplasia to 
endometrial carcinoma is influenced by estrogen 
exposure, which leads to uncontrolled proliferation (Yang 
et al., 2019). This proliferation is not only due to increased 
cellular growth stimulation, but also results from the loss 

of suppressive factors and regulators of cell proliferation, 
along with alterations in apoptosis, all of which play 
significant roles in carcinogenesis (Sherman, 2000). In 
addition to estrogen exposure, mutations in mismatch 
repair (MMR) genes have been shown to increase the 
risk of progression from endometrial hyperplasia to 
endometrioid carcinoma (Vierkoetter et al., 2016). The 
proposed diagram of the carcinogenesis pathway of 
endometrioid carcinoma is shown in Figure 2.

Genetic alterations in 
carcinogenesis of endometroid 
carcinoma

Research on genetic mutations in endometrial 
hyperplasia and endometrial cancer has identified several 
gene mutations that are suspected to play a role in the 
carcinogenesis of endometrioid carcinoma (Figure 3). 
Genetic mutations found in endometrioid carcinoma 
include PTEN, β-catenin, and Kirsten rat sarcoma virus 
(KRAS), which encodes the K-ras protein (Gbelcová et 
al., 2022; Kilowski et al., 2024; Parrish et al., 2022). 
PTEN is a tumor suppressor gene located on chromosome 
1 and has been identified as a disease-causing gene in 
three autosomal dominant disorders (Cowden disease, 
Lhermitte-Duclos disease, and Bannayan-Zonana 
syndrome). PTEN inactivation has also been observed in 
malignant melanoma, brain tumors, and various cancers 
of the endometrium, ovaries, thyroid, breast, and prostate. 
The PTEN protein induces apoptosis, and in cells with 
PTEN mutations, carcinogenesis occurs due to impaired 
apoptosis. PTEN mutations are found in 20%–33% of 
atypical endometrial hyperplasia cases and 33%–50% of 
endometrial cancer cases, indicating PTEN’s involvement 
in early carcinogenesis (Banno et al., 2014). However, 
studies have shown that using PTEN as a biomarker 
for carcinogenesis via immunohistochemistry is limited 
in distinguishing between benign and premalignant 
endometrial hyperplasia (Raffone et al., 2019).

Figure 1 Molecular alterations during endometrial carcinoma carcinogenesis according to their histopathological type.
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β-catenin (CTNNB1) mutations are also found in 
20%–40% of endometrioid carcinoma cases (Parrish et 
al., 2022; Schlosshauer et al., 2000). β-catenin protein is a 
component of the E-cadherin/β-catenin complex involved 
in cell adhesion and the Wnt signaling pathway, which 
regulates cell proliferation and differentiation. Mutation 
of β-catenin can prevent its degradation, resulting in 
the elevated transcription of β-catenin target genes. 
These mutations are also present in atypical endometrial 
hyperplasia, indicating that β-catenin mutations occur 
during the early stages of carcinogenesis (Parrish et al., 
2022).

The KRAS oncogene encodes a 21-kDa protein 
involved in signaling from membrane receptors via 
the MAPK pathway. Mutations in K-ras lead to Ras 
activation, which causes excessive proliferative signaling 
and promotes carcinogenesis. K-ras mutations are found 
in 6%–16% of endometrial hyperplasia cases and 10%–
31% of endometrial cancer cases (Sideris et al., 2019). 
A previous study suggested that K-ras plays a role in two 

stages of carcinogenesis: the transition from endometrial 
hyperplasia to endometrial cancer and the invasive 
proliferation of well-differentiated tumor cells (Tsuda et 
al., 1995).

Figure 3. Genetic alterations and histopathological changes in 
endometrial carcinoma.

Figure 2 Diagram showing the progression of endometrioid (type I endometrial) carcinoma. Hormonal imbalance and stromal 
signals trigger abnormal cell growth in the endometrium. Mutations (e.g., PTEN, Ras) and MMR defects lead from hyperplasia to 
atypical hyperplasia, then to cancer. Late changes may include p53 mutations, resulting in mixed tumor types.
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PTEN gene
The phosphatase and tensin homolog (PTEN) gene is a 

well-established tumor suppressor located on chromosome 
10q23.31, consisting of 10 exons (Shi et al., 2012). 
This gene encodes a 53-kDa protein that is homologous 
to tensin and protein tyrosine phosphatase (PTP) and 
functions enzymatically as phosphatidylinositol-3,4,5-
trisphosphate 3-phosphatase (PI3P). PTEN is broadly 
expressed in almost all human tissues and plays a critical 
role in the regulation of cell growth and survival. Its 
primary function is to negatively regulate the protein 
kinase B (PKB)/Akt signaling pathway, which is essential 
for controlling cell cycle arrest and apoptosis (National 
Center for Biotechnology Information (NCBI), 2024). 
Disruption of PTEN function can lead to unregulated cell 
proliferation and contribute to the development of cancer.

The PTEN gene, also known as the “phosphatase and 
tensin homolog deleted on chromosome ten,” contains 
several important structural regions. Among these, exon 
5 holds particular significance, as mutations or alternative 
splicing events involving this exon have been associated 
with both neurodevelopmental disorders (NDDs) and 
increased cancer risk. Isoforms lacking exon 5 are 
commonly linked to NDD-specific mutations (Jang et 
al., 2023). In addition, PTEN produces several isoforms 
through alternative translation initiation, including 
PTENβ, which is translated from an upstream AUU 
codon, and PTENα, which originates from a CUG codon. 
These isoforms can influence PTEN localization and 
specific cellular functions (Zhao et al., 2017).

PTEN itself is composed of several functional 
domains that contribute to its tumor-suppressive activity 
(Molinari & Frattini, 2014). The phosphatase domain 
(PTP) contains a catalytic active site that is critical for its 
enzymatic function, whereas the C2 domain is essential 
for membrane binding and maintaining protein stability. 
PTEN possesses a protein-binding domain (PBD) near 
its C-terminal region, which mediates interactions with 
other proteins and supports the regulation of complex 
cellular processes. Mutations are frequently clustered in 
the phosphatase domain, potentially disrupting the loop 
conformation and reducing catalytic activity, whereas 
alterations in the C2 domain may impair PTEN’s ability 
of PTEN to associate with cellular membranes (Wise et 
al., 2016). Changes in PBD may interfere with protein-
protein interactions, which are essential for proper 
signaling regulation. PTEN activity is further modulated 
by post-translational modifications, such as ubiquitination 
and SUMOylation, which can influence its localization, 
stability, and functional capacity (Smith & Briggs, 2016). 
Missense mutations affecting PTEN may compromise its 
protein stability, alter its electrostatic surface potential, or 
reduce its catalytic efficiency, all of which can contribute 
to disease development.

Within the cell, PTEN is predominantly localized 
in the cytoplasm and plasma membrane, where it 
dephosphorylates PIP3 and serves as a key antagonist of 
PI3K/AKT signaling (Jang et al., 2023). Interestingly, 

some PTEN isoforms, such as PTENβ, display distinct 
localization patterns that are primarily concentrated in 
the nucleolus, where they are involved in the regulation 
of ribosomal DNA transcription and biogenesis (Zhao et 
al., 2017). PTEN expression and the distribution of its 
isoforms can vary among tissues, which may contribute 
to differences in disease characteristics and clinical 
outcomes across various organ systems.

PTEN gene polymorphisms 
PTEN is widely recognized as a critical tumor 

suppressor involved in regulating essential cellular 
processes, including proliferation, apoptosis, and 
genomic stability. Disruptions in PTEN function, through 
genetic mutations, epigenetic silencing, or protein-level 
alterations, are frequently implicated in the development 
of various cancers, including endometrioid-type 
endometrial carcinoma. Although much of the research 
has focused on well-characterized PTEN alterations, such 
as mutations and gene deletions, other forms of genetic 
variation, including single nucleotide polymorphisms 
(SNPs) and copy number variations (CNVs), also play a 
role in disease susceptibility and may influence clinical 
outcomes.

SNPs of the PTEN gene represent single base-pair 
changes in the DNA sequence, some of which are missense 
mutations that can alter the amino acid sequence of the 
PTEN protein and potentially affect its function. Certain 
SNPs in PTEN have been associated with an increased 
cancer risk. For example, rs701848 (CC) and rs2735343 
(GG) are associated with a higher risk of various cancers, 
whereas rs11202586 is specifically associated with 
testicular germ cell tumors (Brahmaiah et al., 2025; 
Song et al., 2017). Additionally, rs121909218 (G129E), 
rs121909229 (R130Q), and rs57374291 (D107N) are 
associated with breast cancer and are believed to influence 
PTEN stability (Brahmaiah et al., 2025). Another variant, 
rs3830675, has been implicated in colorectal carcinomas, 
particularly in individuals with specific lifestyle factors 
(Brahmaiah et al., 2025). In silico analyses further 
suggested that many missense SNPs in PTEN may be 
deleterious, potentially impairing protein stability and 
function. However, large-scale studies indicate that 
common PTEN SNPs may not significantly impact the 
susceptibility or aggressiveness of certain cancers, such 
as prostate cancer, suggesting that not all germline SNPs 
in PTEN are clinically relevant across all tumor types, 
and the clinical significance can vary depending on the 
specific SNP and tumor type (Kim et al., 2025; Yehia et 
al., 2020).

In addition to SNPs, copy number variations (CNVs) 
involving PTEN are another layer of genetic alterations 
that may affect disease outcomes. CNVs are structural 
variations characterized by duplication or deletion of 
genome segments, which can influence gene dosage and 
function. In the context of neurodevelopmental disorders, 
increased CNV burden in individuals with PTEN 
mutations has been associated with a higher risk of autism 
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spectrum disorder (ASD) and developmental delay (DD) 
compared to those with PTEN mutations who present 
with either cancer or no additional clinical features (Kim 
et al., 2025). Interestingly, some studies have found no 
significant association between PTEN CNVs and cancer 
risk in certain populations such as large prostate cancer 
cohorts. However, CNVs may serve as genomic modifiers 
that help explain the variable clinical presentations 
observed in PTEN hamartoma tumor syndrome (PHTS), 
influencing whether a PTEN mutation predisposes an 
individual to neurodevelopmental disorders or cancer 
(Yehia & Eng, 2021). Clinical genetic testing for PTEN-
related syndromes increasingly incorporates both CNV 
analysis and sequencing to capture a more comprehensive 
view of the genetic alterations involved.

Role of PTEN in genetic alterations 
in carcinogenesis of endometrioid 
carcinoma

PTEN (phosphatase and tensin homolog) is a gene 
located on chromosome 10q23.31 that encodes the 
protein PI3P (phosphatidylinositol-3,4,5-trisphosphate 
3-phosphatase), which functions as a tumor suppressor. 
This protein is found in almost all human tissues and 
plays a role in halting cell division and triggering 
apoptosis. Additionally, signaling pathways involving 
PTEN help regulate cell migration, cell adhesion, and 
angiogenesis and protect genetic information, thus 
preventing uncontrolled cell growth that could lead to 
tumors (Massachusetts General Cancer Center, 2023; 
NCBI, 2024).

PTEN is homologous to dual-specificity phosphatases, 
meaning that it functions as both a protein and lipid 
phosphatase (Tu et al., 2020). PTEN dephosphorylates 
the enzymatic products of phosphoinositide 3-kinase 
(PI3K), acting as an antagonist of the PI3K/Akt signaling 
pathway (NCBI, 2024). When activated, PTEN acts as 
a tumor suppressor via the PI3K/Akt pathway, arresting 
the cell cycle at the G1 phase in some cell types and 
inducing apoptosis in others. PTEN protein phosphatase 
activity inhibits focal adhesion formation, cell spreading 
and migration, as well as the Mitogen-Activated Protein 
Kinase (MAPK) signaling pathway triggered by growth 
factors (Bansal et al., 2009).

Mutations in PTEN that impair its lipid phosphatase 
activity can disrupt cell cycle arrest or alter PTEN growth-
suppressing function. PTEN-induced cell cycle inhibition 
depends on suppression of the PI3K/Akt pathway. In 
addition to its main role as a tumor suppressor, PTEN 
also acts as a metabolic regulator via the insulin/PI3K/
AKT signaling axis (Ortega-Molina et al., 2012). The 
PI3K/PTEN/Akt pathway regulates the cell cycle. Studies 
have shown that Akt is involved in the regulation of 
Cyclin D1 and E2F activities (Chen et al., 2020; Jiao et 
al., 2016). Other studies have found that restoring PTEN 
expression in PTEN-deficient glioblastoma cells increases 
Cdk inhibitor p27 and decreases Cdk2 kinase activity 

(Mamillapalli et al., 2001). These findings suggest that 
PTEN regulation of p27 may reduce G1-phase kinase 
activity, which is necessary for S-phase entry (Kurose et 
al., 2001; Vazquez & Sellers, 2000). These data support 
PTEN’s important role of PTEN in cell cycle regulation 
through the PI3K/Akt pathway. However, the specific 
relationship between PTEN, Akt, and p27, and cell cycle 
kinetics is not yet fully understood.

Several studies have highlighted the critical role of 
Akt in sustaining cell survival, making the identification 
of apoptosis-promoting proteins as Akt phosphorylation 
targets particularly important. Akt inhibits anoikis, a 
form of apoptosis that occurs when cells detach from the 
extracellular matrix (Kim et al., 2012). This type of cell 
death likely plays a key role in preventing the invasion 
or metastasis of epithelial tumor cells. The anti-apoptotic 
properties of Akt suggest that the loss of PTEN expression 
may affect cell survival. Thus, PTEN can inhibit cell 
growth by regulating apoptosis or cell cycle progression. 
However, at the molecular level, both actions require 
suppression of the PI3K/Akt pathway.

Somatic PTEN mutations are the most frequent 
genetic mutations in cancer. These mutations can produce 
defective proteins that lose their function as tumor 
suppressors. Loss of PTEN expression is also one of 
the mechanisms that reduces PTEN activity, leading to 
activation of the PI3K/Akt pathway (Molinari & Frattini, 
2014). Unlike typical protein tyrosine phosphatases, 
PTEN primarily catalyzes dephosphorylation reactions 
on phosphoinositide substrates and functions as a tumor 
suppressor by inhibiting the PI3K/Akt pathway.

The PI3K/Akt pathway is frequently activated in 
endometrial cancer owing to mutations. PI3K, Akt, and 
β-catenin genes are activated when PTEN and p53 genes 
are inactivated. Activation of the PI3K/Akt pathway 
can lead to increased cell growth via mTOR, enhanced 
transcription via β-catenin, and reduced apoptosis owing 
to p53 inactivation (Chen et al., 2014; Vazquez & Sellers, 
2000). Upregulation of pro-apoptotic mechanisms 
involving Akt-dependent pathways is mediated through 
PTEN, whereas downregulation of anti-apoptotic 
mechanisms occurs via B-cell lymphoma 2 (BCL-2) 
(Kurose et al., 2001).

Further implication of PTEN 
alterations

PTEN is a tumor suppressor that catalyzes the 
conversion of PIP3 to PIP2, thereby counteracting PI3K 
function. PTEN-inactivating mutations are the most 
common mutations in endometrial cancer. These mutations 
produce nonfunctional PTEN protein, leading to increased 
PIP3 and activation of the PI3K/Akt pathway. However, 
PTEN mutations account for only a small fraction of cases 
of PTEN protein loss. Loss of PTEN protein (64%) was 
more frequent in endometrial cancer cases than PTEN 
sequence abnormalities (43%) (Djordjevic et al., 2012). 
PTEN sequence abnormalities (51%) and protein loss 
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(75%) are more common in endometrioid carcinomas than 
in non-endometrioid carcinomas. Poorly differentiated 
endometrioid carcinomas have an even higher proportion 
of PTEN sequence abnormalities (60%) and protein loss 
(80%) than other non-endometrioid subtypes. Among 
cases with wild-type PTEN sequences, 44% of patients 
with endometrial cancer show reduced PTEN protein 
expression (Chen et al., 2014; Djordjevic et al., 2012).

Loss of PTEN expression increases Akt 
phosphorylation, alters downstream protein targets, 
promotes cell proliferation, and inhibiting apoptosis. 
PTEN deficiency is associated with genomic instability, 
which is a major cause of carcinogenesis. The causal 
relationship between PTEN mutations and endometrial 
cancer has been demonstrated in animal models such 
as PTEN knockout mice, where this deficiency leads to 
estrogen-independent endometrial cancer development 
(Kim et al., 2010a). Inactivation of the tumor suppressor 
gene PTEN, which is frequently found in endometrioid 
carcinomas, plays a significant role in carcinogenesis. 
Heterozygous PTEN inactivation in mice results in 
abnormal endometrial phenotypes, with 100% of mice 
developing hyperplastic lesions, of which 20% progress 
to endometrial carcinoma (Joshi et al., 2012). PTEN 
inactivation can occur through various mechanisms, 
including mutations or deletions causing loss of 
heterozygosity on chromosome 10q23, detected in 37%-
61% of all cancer cases and found in 40% of endometrial 
cancer cases (Li et al., 2005; Pallares et al., 2005).

PTEN mutation patterns differ between microsatellite 
instability (MSI)-positive and microsatellite-stable 
tumors. Microsatellites are stable DNA repeat units used 
as molecular markers, whereas mismatch repair (MMR) 
gene defects can lead to genomic instability, detectable 
as changes in microsatellite length (MSI) (Hecht & 
Mutter, 2006). MSI-positive tumors exhibit a higher 
frequency of deletions, particularly those involving more 
than three base pairs, than compared to MSI-negative 
tumors. Additionally, mutations in MSI tumors typically 
do not involve polyadenine repeats in exon 8, which is 
a microsatellite marker (Cohn et al., 2000). However, 
the exact mechanism underlying MSI changes remains 
unclear. Thus, the impact of PTEN inactivation is not 
limited to specific mutations but plays a significant role in 
overall carcinogenesis.

Further implications of PTEN inactivation become 
clear when considered along with other common 
mutations in endometrioid carcinoma. The most frequent 
PTEN mutation is allelic inactivation, which leads to 
loss of protein function. Evidence suggests that PTEN 
inactivation, which causes protein deficiency, may have 
functional significance, particularly when combined 
with abnormalities in other downstream genes. PTEN 
balances phosphatidylinositol-3-kinase (PIK3CA) levels 
to regulate phosphorylated PKB/Akt levels. PIK3CA 
mutations are among the most common in endometrioid 

endometrial carcinoma, with a prevalence of 36%, and are 
more frequent in tumors with concurrent PTEN mutations 
(Oda et al., 2005). This suggests a synergistic effect 
driving the neoplastic transformation.

PTEN mutations exhibit synergistic effects with 
other genetic mutations in endometrioid carcinoma 
carcinogenesis. Previous study demonstrated that Mig-
6 has a synergistic effect with PTEN deficiency (Kim 
et al., 2010a). Another epidemiological study found 
that endometrial cancer patients with both PTEN and 
TP53 mutations had a poorer prognosis than those with 
single PTEN or TP53 mutations (Janiec-Jankowska et 
al., 2010). Additionally, loss of PTEN combined with 
oncogenic K-Ras mutations accelerates endometrial 
cancer progression and enhances tumor aggressiveness 
(Kim et al., 2010b). These findings indicate that PTEN 
mutations not only interact synergistically with other 
genetic mutations, but also engage with other proteins in 
endometrioid carcinoma carcinogenesis, opening avenues 
for further research into the molecular mechanisms of this 
disease.

Conclusion
PTEN is a well-known tumor suppressor that regulates 

cell growth and division by controlling apoptosis and the 
cell cycle through the PI3K/PTEN/Akt signaling pathway. 
When PTEN function is impaired through mutations, 
gene deletions, or decreased expression, this balance is 
disrupted. Consequently, abnormal signals can encourage 
uncontrolled cell proliferation and prevent cells from 
undergoing natural cell death. Loss of PTEN is also 
closely associated with genomic instability, which plays a 
major role in the development and progression of cancer. 
PTEN alterations are frequently found in endometrioid 
carcinoma and are believed to be one of the primary 
drivers of the disease. These changes can occur in many 
forms, all of which contribute to the ability of PTEN to 
regulate cell growth. Thus, PTEN is a central factor in 
the early development and continued progression of 
endometrioid carcinoma. Research and understanding of 
PTEN gene involvement in carcinogenesis can be applied 
in endometrial cancer prevention and diagnosis, risk 
assessment, and the development of treatment strategies 
targeting other mutated genes in endometrioid carcinoma. 

Acknowledgments None.
Funding None.
Conflict of interest The author declares no conflicts of interest.
Author contribution RSF collected the data, described the 
data, and wrote the article.
Declaration of generative AI in writing process During the 
preparation of this manuscript, the author used ChatGPT to 
generate schematic cell images for Figure 3. After using this 
tool, the author reviewed and edited the content as needed, and 
took full responsibility for the content of the published article.



Curr Biomed, 2025, 3(2): 76–85 83

PTEN role in endometrioid carcinoma

References
Abdol Manap N, Ng BK, Phon SE, Abdul Karim AK, Lim PS, 

Fadhil M. 2022. Endometrial cancer in pre-menopausal 
women and younger: risk factors and outcome. International 
Journal of Environmental Research and Public Health, 
19(15): 9059. DOI: 10.3390/ijerph19159059.  

Banno K, Yanokura M, Iida M, Masuda K, Aoki D. 2014. 
Carcinogenic mechanisms of endometrial cancer: 
involvement of genetics and  epigenetics. The Journal of 
Obstetrics and Gynaecology Research, 40(8): 1957–1967. 
https://doi.org/10.1111/jog.12442

Bansal N, Yendluri V, Wenham RM. 2009. The molecular 
biology of endometrial cancers and the implications for  
pathogenesis, classification, and targeted therapies. Cancer 
Control, 16(1): 8–13. DOI: 10.1177/107327480901600102. 

Bartosch C, Monteiro-Reis S, Vieira R, Pereira A, Rodrigues 
M, Jerónimo C, Lopes JM. 2015. Endometrial endometrioid 
carcinoma metastases show decreased ER-alpha and PR-A 
expression compared to matched primary tumors. PloS One, 
10(8): e0134969. DOI: 10.1371/journal.pone.0134969. 

Berek JS, Matias-Guiu X, Creutzberg C, Fotopoulou C, Gaffney 
D, Kehoe S, Lindemann K, Mutch D, Concin N. 2023. 
FIGO staging of endometrial cancer: 2023. International 
Journal of Gynaecology and Obstetrics, 162(2): 383–394. 
DOI: 10.1002/ijgo.14923. 

Bianco B, Barbosa CP, Trevisan CM, Laganà AS, Montagna 
E. 2020. Endometrial cancer: a genetic point of view. 
Translational Cancer Research, 9(12): 7706–7715. DOI: 
10.21037/tcr-20-2334. 

Brahmaiah J, Adiga U, Govardhan T, Augustine AJ, Ramya R, 
Lalitha Sree K, Kavya J, Ganta GK. 2025. In-silico analysis 
of single nucleotide polymorphisms (SNPs) in human PTEN 
gene. Texila International Journal of Public Health, 13(1): 
Art070. DOI: 10.21522/TIJPH.2013.13.01.Art070. 

Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, 
Soerjomataram I, Jemal A. 2024. Global cancer statistics 
2022: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA: A Cancer 
Journal for Clinicians, 74(3): 229–263. DOI: 10.3322/
caac.21834. 

Brooks RA, Fleming GF, Lastra RR, Lee NK, Moroney JW, Son 
CH, Tatebe K, Veneris JL. 2019. Current recommendations 
and recent progress in endometrial cancer. CA: A Cancer 
Journal for Clinicians, 69(4): 258–279. DOI: 10.3322/
caac.21561. 

Burleigh A, Talhouk A, Gilks CB, McAlpine JN. 2015. Clinical 
and pathological characterization of endometrial cancer in 
young women: identification of a cohort without classical 
risk factors. Gynecologic Oncology, 138(1): 141–146. DOI: 
10.1016/j.ygyno.2015.02.028. 

Carbognin L, Miglietta F, Paris I, Dieci MV. 2019. Prognostic 
and predictive implications of pten in breast cancer: 
unfulfilled  promises but intriguing perspectives. Cancers, 
11(9): 1401. DOI: 10.3390/cancers11091401. 

Chen J, Zhao KN, Li R, Shao R, Chen C. 2014. Activation 
of PI3K/Akt/mTOR pathway and dual inhibitors of PI3K 
and mTOR in  endometrial cancer. Current Medicinal 
Chemistry, 21(26): 3070–3080. DOI: 10.2174/0929867321
666140414095605. 

Chen K, Jiao X, Di Rocco A, Shen D, Xu S, Ertel A, Yu Z, Di Sante 
G, Wang M, Li Z, Pestell TG, Casimiro MC, Skordalakes 
E, Achilefu S, Pestell RG. 2020. Endogenous cyclin D1 
promotes the rate of onset and magnitude of mitogenic 
signaling via Akt1 Ser473 phosphorylation. Cell Reports, 
32(11): 108151. DOI: 10.1016/j.celrep.2020.108151. 

Chen Y, Xu S, He Y, He L. 2024. The role of PTEN in 
nasopharyngeal carcinoma. Frontiers in Bioscience, 29(5): 
179. DOI: 10.31083/j.fbl2905179. 

Chou AJ, Bing RS, Ding DC. 2024. Endometrial atypical 
hyperplasia and risk of endometrial cancer. Diagnostics, 
14(22): 2471. DOI: 10.3390/diagnostics14222471. 

Cohn DE, Basil JB, Venegoni AR, Mutch DG, Rader JS, 
Herzog TJ, Gersell DJ, Goodfellow PJ. 2000. Absence of 
PTEN repeat tract mutation in endometrial cancers with 
microsatellite  instability. Gynecologic Oncology, 79(1): 
101–106. DOI: 10.1006/gyno.2000.5900. 

Djordjevic B, Hennessy BT, Li J, Barkoh BA, Luthra R, Mills 
GB, Broaddus RR. 2012. Clinical assessment of PTEN 
loss in endometrial carcinoma: immunohistochemistry  
outperforms gene sequencing. Modern Pathology, 25(5): 
699–708. DOI: 10.1038/modpathol.2011.208. 

Ebring C, Marlin R, Macni J, Vallard A, Bergerac S, Beaubrun-
Renard M, Joachim C, Jean-Laurent M. 2023. Type II 
endometrial cancer: Incidence, overall and disease-free 
survival in  Martinique. PloS One, 18(3): e0278757. DOI: 
10.1371/journal.pone.0278757. 

Gbelcová H, Gergely L, Šišovský V, Straka Ľ, Böhmer D, 
Pastoráková A, Sušienková K, Repiská V, Korbeľ M, 
Danihel Ľ, Priščáková P. 2022. PTEN mutations as predictive 
marker for the high-grade endometrial cancer  development 
in slovak women. Physiological Research, 71(Suppl 1): 
S125–S135. DOI: 10.33549/physiolres.935030. 

Hecht JL, Mutter GL. 2006. Molecular and pathologic aspects of 
endometrial carcinogenesis. Journal of Clinical Oncology, 
24(29): 4783–4791. DOI: 10.1200/JCO.2006.06.7173. 

Hidayati MU, Mulawardhana P, Kurniasari N. 2021. Risk factors 
for estrogen exposure in various grades of endometrioid 
carinoma. Indonesian Midwifery and Health Sciences 
Journal, 4(1): 40–50. DOI: 10.20473/imhsj.v4i1.2020.40-
50.  

Hutapea NYN, Dewi IGASM, Maker LPII, Ekawati NP, Gotra 
IM, Muliarta IM. 2024. Intisari Sains Medis, 15(3): 1212–
1219.  

Jang H, Iakoucheva L, Chen J, Nussinov R. 2023. Abstract 
3845: Structural mechanisms of how PTEN mutations 
degrade function at the membrane and life expectancy of 
carriers of mutations in the human brain. Cancer Research, 
83(7_Suppl): 3845. DOI: 10.1158/1538-7445.am2023-
3845. 

Janiec-Jankowska A, Konopka B, Goluda C, Najmoła U. 2010. 
TP53 mutations in endometrial cancers: relation to PTEN 
gene defects. International Journal of Gynecological Cancer, 
20(2): 196–202. DOI: 10.1111/igc.0b013e3181c83675. 

Jiao X, Chen K, Xu S, Ju X, Ertel A, Tian L, Yu Z, Sante G, 
Li Z, Pestell T, Casimiro M, Shen D, Achilefu S, Pestell R. 
2016. Abstract B33: The membrane associated cyclin D1 
promotes contact-independent growth via phosphorylation 
of Akt1 Ser 473. Molecular Cancer Research, 14(11_suppl): 
B33. DOI: 10.1158/1557-3125.CELLCYCLE16-B33. 

https://doi.org/10.3390/ijerph19159059
https://doi.org/10.1177/107327480901600102
https://doi.org/10.1371/journal.pone.0134969
https://doi.org/10.1002/ijgo.14923
https://doi.org/10.21037/tcr-20-2334
https://doi.org/10.21037/tcr-20-2334
https://doi.org/10.21522/TIJPH.2013.13.01.Art070
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21561
https://doi.org/10.3322/caac.21561
https://doi.org/10.1016/j.ygyno.2015.02.028
https://doi.org/10.1016/j.ygyno.2015.02.028
https://doi.org/10.3390/cancers11091401
https://doi.org/10.2174/0929867321666140414095605
https://doi.org/10.2174/0929867321666140414095605
https://doi.org/10.1016/j.celrep.2020.108151
https://doi.org/10.31083/j.fbl2905179
https://doi.org/10.3390/diagnostics14222471
https://doi.org/10.1006/gyno.2000.5900
https://doi.org/10.1038/modpathol.2011.208
https://doi.org/10.1371/journal.pone.0278757
https://doi.org/10.1371/journal.pone.0278757
https://doi.org/10.33549/physiolres.935030
https://doi.org/10.1200/JCO.2006.06.7173
https://doi.org/10.20473/imhsj.v4i1.2020.40-50
https://doi.org/10.20473/imhsj.v4i1.2020.40-50
https://doi.org/10.1111/igc.0b013e3181c83675
https://doi.org/10.1158/1557-3125.CELLCYCLE16-B33


 Curr Biomed, 2025, 3(2): 76–85 84

Fadhillah et al.

Joshi A, Wang H, Jiang G, Douglas W, Chan JSY, Korach KS, 
Ellenson LH. 2012. Endometrial tumorigenesis in PTEN 
(+/-) mice is independent of coexistence of  estrogen and 
estrogen receptor α. The American Journal of Pathology, 
180(6): 2536–2547. DOI: 10.1016/j.ajpath.2012.03.006. 

Kandoth C, Schultz N, Cherniack AD, Akbani R, Liu Y, Shen H, 
Robertson AG, Pashtan I, Shen R, Benz CC, Yau C, Laird 
PW, Ding L, Zhang W, Mills GB, Kucherlapati R, Mardis 
ER, Levine DA. 2013. Integrated genomic characterization 
of endometrial carcinoma. Nature, 497(7447): 67–73. DOI: 
10.1038/nature12113. 

Kilowski KA, Dietrich MF, Xiu J, Baca Y, Hinton A, Ahmad S, 
Herzog TJ, Thaker P, Holloway RW. 2024. KRAS mutations 
in endometrial cancers: Possible prognostic and treatment 
implications. Gynecologic Oncology, 191: 299–306. DOI: 
10.1016/j.ygyno.2024.10.026.  

Kim AY, Yehia L, Eng C. 2025. Genomic diversity in 
functionally relevant genes modifies neurodevelopmental  
versus neoplastic risks in individuals with germline PTEN 
variants. NPJ Genomic Medicine, 10(1): 43. DOI: 10.1038/
s41525-025-00495-3. 

Kim TH, Franco HL, Jung SY, Qin J, Broaddus RR, Lydon 
JP, Jeong JW. 2010a. The synergistic effect of Mig-6 and 
Pten ablation on endometrial cancer  development and 
progression. Oncogene, 29(26): 3770–3780. DOI: 10.1038/
onc.2010.126. 

Kim TH, Wang J, Lee KY, Franco HL, Broaddus RR, Lydon 
JP, Jeong JW, Demayo FJ. 2010b. The synergistic effect 
of conditional pten loss and oncogenic k-ras mutation on  
endometrial cancer development occurs via decreased 
progesterone receptor action. Journal of Oncology, 2010: 
139087. DOI: 10.1155/2010/139087. 

Kim YN, Koo KH, Sung JY, Yun UJ, Kim H. 2012. Anoikis 
resistance: an essential prerequisite for tumor metastasis. 
International Journal of Cell Biology, 2012: 306879. DOI: 
10.1155/2012/306879. 

Kurose K, Zhou XP, Araki T, Cannistra SA, Maher ER, Eng 
C. 2001. Frequent loss of PTEN expression is linked to 
elevated phosphorylated Akt levels, but not associated with 
p27 and cyclin D1 expression, in primary epithelial ovarian 
carcinomas. The American Journal of Pathology, 158(6): 
2097–2106. DOI: 10.1016/S0002-9440(10)64681-0. 

Li YL, Tian Z, Wu DY, Fu BY, Xin Y. 2005. Loss of heterozygosity 
on 10q23.3 and mutation of tumor suppressor gene PTEN in  
gastric cancer and precancerous lesions. World Journal of 
Gastroenterology, 11(2): 285–288. DOI: 10.3748/wjg.v11.
i2.285. 

Mahdy H, Vadakekut ES, Crotzer D. 2024. Endometrial 
Cancer. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing. Link: https://pubmed.ncbi.nlm.nih.
gov/30252237/.  

Mamillapalli R, Gavrilova N, Mihaylova VT, Tsvetkov LM, Wu 
H, Zhang H, Sun H. 2001. PTEN regulates the ubiquitin-
dependent degradation of the CDK inhibitor p27(KIP1)  
through the ubiquitin E3 ligase SCF(SKP2). Current Biology, 
11(4): 263–267. DOI: 10.1016/s0960-9822(01)00065-3. 

Manning-Geist BL, Gatius S, Liu Y, Gil M, Da Cruz Paula 
A, Tuset N, Abu-Rustum NR, Aghajanian C, Weigelt B, 
Matias-Guiu X. 2021. Diagnosis and management of 
an endometrial cancer patient with Cowden syndrome. 
Gynecologic Oncology, 163(1): 14–21. DOI: 10.1016/j.
ygyno.2021.08.008. 

Massachusetts General Cancer Center. 2023. Tumor Supressor 
Protein-PTEN. https://www.massgeneral.org/assets/mgh/
pdf/cancer-center/genetics/pten-fact-sheet.pdf. 

Molinari F, Frattini M. 2014. Functions and regulation of the 
PTEN gene in colorectal cancer. Frontiers in Oncology, 3: 
326. DOI: 10.3389/fonc.2013.00326. 

NCBI [National Center for Biotechnology Information]. 2024. 
PTEN phosphatase and tensin homolog [Homo sapiens 
(human)] - Gene - NCBI. NCBI Gene Database. https://
www.ncbi.nlm.nih.gov/gene/5728. 

Oda K, Stokoe D, Taketani Y, McCormick F. 2005. High 
frequency of coexistent mutations of PIK3CA and PTEN 
genes in endometrial  carcinoma. Cancer Research, 65(23): 
10669–10673. DOI: 10.1158/0008-5472.CAN-05-2620. 

Odetola SS, Ajani MA, Iyapo O, Salami AA, Okolo CA. 2020. 
Hormonal receptor expression in endometrial carcinoma: 
a retrospective immunohistochemical study in a Nigerian 
Tertiary Hospital. Journal of the West African College of 
Surgeons, 10(2): 1–4. DOI: 10.4103/jwas.jwas_1_22. 

Ortega-Molina A, Efeyan A, Lopez-Guadamillas E, Muñoz-
Martin M, Gómez-López G, Cañamero M, Mulero F, 
Pastor J, Martinez S, Romanos E, Mar Gonzalez-Barroso 
M, Rial E, Valverde AM, Bischoff JR, Serrano M. 2012. 
PTEN positively regulates brown adipose function, energy 
expenditure, and  longevity. Cell Metabolism, 15(3): 382–
394. DOI: 10.1016/j.cmet.2012.02.001. 

Pallares J, Bussaglia E, Martínez-Guitarte JL, Dolcet X, Llobet 
D, Rue M, Sanchez-Verde L, Palacios J, Prat J, Matias-
Guiu X. 2005. Immunohistochemical analysis of PTEN in 
endometrial carcinoma: a tissue  microarray study with a 
comparison of four commercial antibodies in correlation 
with molecular abnormalities. Modern Pathology, 18(5): 
719–727. DOI: 10.1038/modpathol.3800347. 

Parrish ML, Broaddus RR, Gladden AB. 2022. Mechanisms 
of mutant β-catenin in endometrial cancer progression. 
Frontiers in Oncology, 12: 1009345. DOI: 10.3389/
fonc.2022.1009345. 

PDQ Screening and Prevention Editorial Board. 2023. 
Endometrial cancer prevention (PDQ®): Patient Version. In 
PDQ Cancer Information Summaries [Internet]. Bethesda, 
Maryland (US): National Cancer Institute. https://www.
ncbi.nlm.nih.gov/books/NBK65758/. 

Raffone A, Travaglino A, Saccone G, Campanino MR, Mollo 
A, De Placido G, Insabato L, Zullo F. 2019. Loss of PTEN 
expression as diagnostic marker of endometrial precancer: 
A  systematic review and meta-analysis. Acta Obstetricia et 
Gynecologica Scandinavica, 98(3): 275–286. DOI: 10.1111/
aogs.13513. 

Schlosshauer PW, Pirog EC, Levine RL, Ellenson LH. 2000. 
Mutational analysis of the CTNNB1 and APC genes in 
uterine endometrioid  carcinoma. Modern Pathology, 
13(10): 1066–1071. DOI: 10.1038/modpathol.3880196. 

Sherman ME. 2000. Theories of endometrial carcinogenesis: a 
multidisciplinary approach. Modern Pathology, 13(3): 295–
308. DOI: 10.1038/modpathol.3880051. 

Shi Y, Paluch BE, Wang X, Jiang X. 2012. PTEN at a glance. 
Journal of Cell Science, 125(Pt 20): 4687–4692. DOI: 
10.1242/jcs.093765. 

Sideris M, Emin EI, Abdullah Z, Hanrahan J, Stefatou 
KM, Sevas V, Emin ECE, Hollingworth T, Odejinmi F, 
Papagrigoriadis S, Vimplis S, Willmott F. 2019. The role 

https://doi.org/10.1038/nature12113
https://doi.org/10.1038/nature12113
https://doi.org/10.1016/j.ygyno.2024.10.026
https://doi.org/10.1016/j.ygyno.2024.10.026
https://doi.org/10.1038/s41525-025-00495-3
https://doi.org/10.1038/s41525-025-00495-3
https://doi.org/10.1038/onc.2010.126
https://doi.org/10.1038/onc.2010.126
https://doi.org/10.1155/2010/139087
https://doi.org/10.1155/2012/306879
https://doi.org/10.1155/2012/306879
https://doi.org/10.1016/S0002-9440(10)64681-0
https://doi.org/10.3748/wjg.v11.i2.285
https://doi.org/10.3748/wjg.v11.i2.285
https://pubmed.ncbi.nlm.nih.gov/30252237/
https://pubmed.ncbi.nlm.nih.gov/30252237/
https://doi.org/10.1016/s0960-9822(01)00065-3
https://doi.org/10.1016/j.ygyno.2021.08.008
https://doi.org/10.1016/j.ygyno.2021.08.008
https://www.massgeneral.org/assets/mgh/pdf/cancer-center/genetics/pten-fact-sheet.pdf
https://www.massgeneral.org/assets/mgh/pdf/cancer-center/genetics/pten-fact-sheet.pdf
https://doi.org/10.3389/fonc.2013.00326
https://www.ncbi.nlm.nih.gov/gene/5728
https://www.ncbi.nlm.nih.gov/gene/5728
https://doi.org/10.1158/0008-5472.CAN-05-2620
https://doi.org/10.1016/j.cmet.2012.02.001
https://doi.org/10.1038/modpathol.3800347
https://doi.org/10.3389/fonc.2022.1009345
https://doi.org/10.3389/fonc.2022.1009345
https://www.ncbi.nlm.nih.gov/books/NBK65758/
https://www.ncbi.nlm.nih.gov/books/NBK65758/
https://doi.org/10.1111/aogs.13513
https://doi.org/10.1111/aogs.13513
https://doi.org/10.1038/modpathol.3880196
https://doi.org/10.1038/modpathol.3880051
https://doi.org/10.1242/jcs.093765
https://doi.org/10.1242/jcs.093765


Curr Biomed, 2025, 3(2): 76–85 85

PTEN role in endometrioid carcinoma

of kras in endometrial cancer: a mini-review. Anticancer 
Research, 39(2): 533–539. https://doi.org/10.21873/
anticanres.13145. 

Smith I, Briggs J. 2016. Structural mutation analysis of PTEN 
and its genotype‐phenotype correlations in endometriosis 
and cancer. Proteins, 84(11): 1625–1643. DOI: 10.1002/
prot.25105. 

Song DD, Zhang Q, Li JH, Hao RM, Ma Y, Wang PY, Xie 
SY. 2017. Single nucleotide polymorphisms rs701848 
and rs2735343 in PTEN increases cancer  risks in an 
Asian population. Oncotarget, 8(56): 96290–96300. DOI: 
10.18632/oncotarget.22019. 

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram 
I, Jemal A, Bray F. 2021. Global cancer statistics 2020: 
GLOBOCAN estimates of incidence and mortality  
worldwide for 36 cancers in 185 countries. CA: A Cancer 
Journal for Clinicians, 71(3): 209–249. DOI: 10.3322/
caac.21660. 

Tashiro H, Blazes MS, Wu R, Cho KR, Bose S, Wang SI, Li 
J, Parsons R, Ellenson LH. 1997. Mutations in PTEN are 
frequent in endometrial carcinoma but rare in other common  
gynecological malignancies. Cancer Research, 57(18): 
3935–3940.

Tsuda H, Jiko K, Yajima M, Yamada T, Tanemura K, Tsunematsu 
R, Ohmi K, Sonoda T, Hirohashi S. 1995. Frequent 
occurrence of c-Ki-ras gene mutations in well differentiated 
endometrial  adenocarcinoma showing infiltrative local 
growth with fibrosing stromal response. International 
Journal of Gynecological Pathology, 14(3): 255–259. DOI: 
10.1097/00004347-199507000-00010. 

Tu T, Chen J, Chen L, Stiles BL. 2020. Dual-specific protein and 
lipid phosphatase PTEN and its biological functions. Cold 
Spring Harbor Perspectives in Medicine, 10(1): a03630. 
DOI: 10.1101/cshperspect.a036301. 

Urick ME, Bell DW. 2019. Clinical actionability of molecular 
targets in endometrial cancer. Nature Reviews Cancer, 
19(9): 510–521. DOI: 10.1038/s41568-019-0177-x. 

Vazquez F, Sellers WR. 2000. The PTEN tumor suppressor 
protein: an antagonist of phosphoinositide 3-kinase  
signaling. Biochimica et Biophysica Acta, 1470(1): M21-35. 
DOI: 10.1016/s0304-419x(99)00032-3. 

Vierkoetter KR, Kagami LAT, Ahn HJ, Shimizu DM, Terada 
KY. 2016. Loss of mismatch repair protein expression in 
unselected endometrial  adenocarcinoma precursor lesions. 
International Journal of Gynecological Cancer, 26(2): 228–
232. DOI: 10.1097/IGC.0000000000000606. 

Wise H, Leslie N, Álvarez-García V, Hermida M, Kriplani N. 
2016. The PTEN protein: cellular localization and post-
translational regulation. Biochemical Society Transactions, 
44(1): 273–278. DOI: 10.1042/BST20150224. 

Yang B, Chen R, Liang X, Shi J, Wu X, Zhang Z, Chen X. 2019. 
Estrogen enhances endometrial cancer cells proliferation by 
upregulation of  prohibitin. Journal of Cancer, 10(7): 1616–
1621. DOI: 10.7150/jca.28218. 

Yehia L, Eng C. 2021. PTEN Hamartoma Tumor Syndrome. 
In: Adam MP, Feldman J, Mirzaa GM, et al., (eds) 
GeneReviews® [Internet]. Seattle, Washington (US): 
University of Washington. https://www.ncbi.nlm.nih.gov/
books/NBK1488/. 

Yehia L, Seyfi M, Niestroj LM, Padmanabhan R, Ni Y, Frazier 
TW, Lal D, Eng C. 2020. Copy number variation and clinical 
outcomes in patients with germline PTEN mutations. 
JAMA Network Open, 3(1): e1920415. DOI: 10.1001/
jamanetworkopen.2019.20415. 

Zhao X, Zhang C, Yin Y, Liang H, Yin Q, McNutt M, Ruan 
D, Chen X. 2017. PTENβ is an alternatively translated 
isoform of PTEN that regulates rDNA transcription. Nature 
Communications, 8: 14771. DOI: 10.1038/ncomms14771. 

Zheng W. 2023. Molecular classification of endometrial cancer 
and the 2023 FIGO staging: exploring the challenges and 
opportunities for pathologists. Cancers, 15(16): 4101. DOI: 
10.3390/cancers15164101. 

Zhou X, Yang X, Sun X, Xu X, Li X, Guo Y, Wang J, Li X, Yao 
L, Wang H, Shen L. 2019. Effect of PTEN loss on metabolic 
reprogramming in prostate cancer cells. Oncology Letters, 
17(3): 2856–2866. DOI: 10.3892/ol.2019.9932. 

https://doi.org/10.21873/anticanres.13145
https://doi.org/10.21873/anticanres.13145
https://doi.org/10.1002/prot.25105
https://doi.org/10.1002/prot.25105
https://doi.org/10.18632/oncotarget.22019
https://doi.org/10.18632/oncotarget.22019
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1097/00004347-199507000-00010
https://doi.org/10.1097/00004347-199507000-00010
https://doi.org/10.1101/cshperspect.a036301
https://doi.org/10.1038/s41568-019-0177-x
https://doi.org/10.1016/s0304-419x(99)00032-3
https://doi.org/10.1097/IGC.0000000000000606
https://doi.org/10.1042/BST20150224
https://doi.org/10.7150/jca.28218
https://www.ncbi.nlm.nih.gov/books/NBK1488/
https://www.ncbi.nlm.nih.gov/books/NBK1488/
https://doi.org/10.1038/ncomms14771
https://doi.org/10.3390/cancers15164101
https://doi.org/10.3390/cancers15164101
https://doi.org/10.3892/ol.2019.9932

	_Hlk201218473
	_Hlk104975441
	old_references
	_Hlk202189159

