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Uterine corpus endometrial carcinoma (UCEC) is a molecularly heterogeneous gynecologic malignancy that includes four
commonly recognized subtypes: POLE-ultramutated, MMR-deficient/MSI-hypermutated, copy-number-low endometrioid, and
copy-number-high serous-like/TP53-mutant. Among genes involved in PI3K/AKT pathway regulation, PTEN is frequently
altered in UCEC and is biologically relevant because it functions as a tumor suppressor that negatively regulates PI3K signaling.
The objective of this secondary-data bioinformatics study was to characterize PTEN-associated patterns in UCEC across
genomic, proteomic, and clinical contexts using publicly available datasets and web-based bioinformatics resources. PTEN
showed frequent alterations, including recurrent mutations and copy-number deletions, and missense variants were observed in
the DSPc and PTEN C2 domains. Protein expression analyses showed reduced PTEN levels in tumor samples compared with
normal endometrial tissue, with lower expression also observed across several clinical and demographic subgroup analyses.
Portal-based survival analysis showed a statistically significant unadjusted overall survival difference between PTEN-altered and
PTEN-unaltered tumors; however, because this analysis was portal-based and did not adjust for stage, grade, histologic subtype,
or molecular subtype, PTEN alteration status was not established as an independent prognostic marker in this dataset. Overall,
the findings support PTEN as a biologically important component of UCEC-associated PI3K/AKT pathway dysregulation, but
the present analysis should be interpreted as descriptive and hypothesis-generating rather than clinically definitive. Future studies
using reproducible patient-level reanalysis and subtype-aware modeling are needed to clarify the prognostic and therapeutic
relevance of PTEN-related alterations in UCEC.
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Introduction

Uterine corpus endometrial carcinoma (UCEC) is a common
gynecologic malignancy, with United States cancer statis-
tics reporting tens of thousands of new uterine corpus cancer
cases and deaths annually1. UCEC often presents with ab-
normal uterine bleeding, pelvic or abdominal pain, and iron-
deficiency anemia2.

A major driver of UCEC is prolonged exposure to estrogen.
Risk rises with obesity, chronic anovulation/PCOS, estrogen-
only hormone therapy, and early menarche/late menopause.
Additional risk factors include diabetes and metabolic syn-
drome, and aging2.

A subset of cases arises from inherited susceptibility, no-
tably mismatch repair (MMR) gene defects (Lynch syn-
drome), and, less commonly, PTEN hamartoma tumor syn-
drome2,3.

Uterine corpus endometrial carcinoma (UCEC) is classi-
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fied into four distinct molecular groups based on genomic
alterations and associated biological features: (i) POLE-
ultramutated, characterized by high mutation burden due to
defects in the POLE exonuclease domain, leading to a hyper-
mutator phenotype and generally favorable prognosis despite
high-grade histology; (ii) MMR-deficient/MSI-hypermutated,
where defects in mismatch repair (MMR) result in microsatel-
lite instability (MSI) and increased immune signaling, with
an intermediate prognosis; (iii) copy-number low endometri-
oid, which exhibits low genomic instability, frequent mu-
tations in PTEN, PIK3CA, ARID1A, and CTNNB1, and a
more favorable prognosis; (iv) copy-number high, serous-
like/TP53-mutant, marked by high genomic instability and
TP53 mutations, associated with a poor prognosis due to high-
grade, aggressive tumor behavior4. PTEN was selected for
focused analysis because it is a core tumor suppressor regu-
lator of the PI3K/AKT pathway and is frequently disrupted
in UCEC through multiple mechanisms, including mutation,
copy-number loss, and reduced protein expression4–8. Early
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sequencing studies identified recurrent PTEN mutations in pri-
mary endometrial carcinomas, supporting PTEN inactivation
as a common molecular event in this tumor type9–13.

Studies of premalignant lesions, endometrial hyperplasia,
PTEN protein expression, AKT phosphorylation, and survival
associations further support the role of PTEN loss in endome-
trial tumorigenesis and pathway dysregulation14–18. Immuno-
histochemical and PI3K-pathway mutation studies also show
that PTEN loss often occurs together with broader PI3K/AKT-
pathway alterations, including changes involving PIK3CA and
related pathway genes19–23. Additional genomic, functional,
and clinical studies of PIK3R1, PIK3R2, PI3K-pathway de-
pendency, PTEN-deficient model sensitivity, and PTEN-loss
outcome context indicate that PTEN disruption should be in-
terpreted within a broader PI3K-pathway alteration landscape
rather than as an isolated molecular event24–28. This combina-
tion makes PTEN a useful gene for examining how genomic
and proteomic alterations converge on pathway dysregulation
in UCEC.

Given PTEN’s frequent disruption in UCEC and its central
role in PI3K/AKT signaling,4,7,9–11 this study focuses specif-
ically on PTEN as a biologically informative pathway node
rather than attempting to establish that PTEN is categorically
more important than other PI3K-pathway genes. The objec-
tive of this secondary-data bioinformatics study was to charac-
terize PTEN-associated alteration patterns, protein expression
differences, pathway context, and dependency relationships in
UCEC using public genomic and proteomic resources, and to
examine whether portal-based survival results support a prog-
nostic association.

The study was therefore designed primarily as a descrip-
tive, hypothesis-generating analysis of PTEN-related molecu-
lar patterns in UCEC, rather than as an experimental or clini-
cally definitive validation study.

Methodology

Research Design

This study was a secondary-data, cross-sectional bioinformat-
ics analysis based entirely on publicly available, de-identified
cancer datasets and web-based bioinformatics resources. No
laboratory experiments, patient recruitment, or direct inter-
vention were performed.

Data Sources

Public UCEC-related data were examined using cBioPor-
tal and TCGA-UCEC resources4,29. CPTAC/UALCAN
protein-expression outputs, DepMap dependency visualiza-
tions, and STRING network analyses were then used
for protein-expression, dependency, and interaction-network

analyses30–32. Genomic and clinical data were obtained from
the Uterine Corpus Endometrial Carcinoma (TCGA, Fire-
hose Legacy) study in cBioPortal accessed on 1/19/2026.
CPTAC/UALCAN protein-expression outputs were accessed
on 1/19/2026. STRING network analysis was accessed on
1/19/2026, and DepMap data were accessed on 5/19/2026.

Sample and Inclusion Approach

The analysis was restricted to cases or cell lines available
within the selected public datasets and portal views at the time
of access. For TCGA-UCEC portal-based genomic analy-
ses, the initially available PTEN sample matrix comprised 549
samples: 181 PTEN-altered and 368 PTEN-unaltered. For the
cBioPortal overall survival comparison, cases were included
only if PTEN alteration labels and overall survival time/status
were available (n = 543 total; PTEN-altered n = 181; PTEN-
unaltered n = 362).

The exclusion criterion for the survival comparison was
missing or unusable overall survival information in the por-
tal output; six PTEN-unaltered samples from the sample ma-
trix were therefore excluded from the overall survival com-
parison. For CPTAC protein-expression analysis, the included
samples were tumor and normal endometrial tissues, as shown
in the corresponding portal output (tumor n = 240, normal n =
51). For DepMap, included samples were uterus/endometrial
lineage cell lines shown in the relevant dependency view (n
= 28). Because this study relied on portal-generated outputs
rather than raw data harmonization across all platforms, sam-
ple overlap was not assumed among cBioPortal, CPTAC, and
DepMap analyses.

Variables and Measurements

The main variables examined were PTEN alteration status, al-
teration type, mutation location, copy-number state, PTEN
protein-expression level, protein-protein interaction context,
and PTEN-related lineage dependency patterns. Portal-
defined outputs and embedded annotations were used as pre-
sented by each resource. In cBioPortal, copy-number alter-
ations were based on the discrete CNA profile, and PTEN-
altered cases were defined by the portal altered vs unaltered
grouping across the mutation and discrete copy-number pro-
files. No additional clinical filters were applied in the cBio-
Portal PTEN query.

Procedure

First, cBioPortal was used to review PTEN alteration fre-
quency, alteration categories, OncoPrint co-alteration patterns,
mutation lollipop plots, and overall survival curves for TCGA-
UCEC4,29. In cBioPortal, PTEN was queried and cases were
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grouped using the portal-defined altered versus unaltered clas-
sification across the mutation and discrete copy-number pro-
files. The underlying cBioPortal outputs reviewed included
the PTEN mutation table, PTEN discrete copy-number al-
teration table, patient clinical/survival table, and the patient-
level PTEN altered-versus-unaltered status table used for sur-
vival grouping. Second, CPTAC/UALCAN output was used
to review PTEN protein-expression differences between tumor
and normal tissues and across subgroup views, including age,
BMI, race, and menopausal status30.

Third, STRING was used to visualize PTEN-centered
protein-protein interactions with a minimum interaction score
of 0.700, which STRING defines as high confidence. The net-
work was limited to 10 first-shell interactors and 0 second-
shell interactors to focus on proteins directly associated
with PTEN while keeping the network compact and inter-
pretable32. Fourth, DepMap portal visualizations from the
DepMap Public 25Q3 release were used to examine PTEN
Chronos gene-effect scores in endometrial lineage cell lines
and across cancer lineages31.

Data Analysis

This study was primarily descriptive. Frequencies, portal-
based group comparisons, and visual patterns were interpreted
from the selected resources. For survival, the manuscript re-
ports the portal-based Kaplan-Meier comparison and associ-
ated two-sided log-rank output generated by cBioPortal. A
significance threshold of p < 0.05 was used for portal-based p-
values. Survival analysis was limited to portal-based Kaplan-
Meier output, and no external rerun of the patient-level sur-
vival analysis in Python or R was performed. No multivariable
adjustment for stage, grade, histologic subtype, or molecular
subtype was included in this version. No multiple-testing cor-
rection was performed.

Ethical Considerations

All data used were publicly available and de-identified sec-
ondary datasets. No direct human-subject interaction, inter-
vention, or collection of identifiable private information oc-
curred.

Results

Alteration Landscape

PTEN was among the most commonly altered PI3K-pathway
genes in the TCGA-UCEC Firehose Legacy cohort, affecting
approximately one-third of tumors. Alterations are primarily
loss-of-function (nonsense/frameshift and splice). Approxi-
mately one-third are missense mutations that group in the cat-
alytic DSPc (phosphatase) domain (∼aa 90-180) and in the

PTEN C2 domain (∼aa 186-351); the R130 hotspot (repre-
sented “R130G/Q/* and 3 more” in the plot) is the largest
group and also has other recurrent changes nearby at C124, at
G129, and at R173. Copy-number changes primarily consist
of shallow deletions (with occasional deep deletions) and spo-
radic amplifications, consistent with reduced PTEN dosage in
a subset of UCEC tumors4,5,9–11.

In Figure 1B, PTEN mutations were observed in tumors
that also contained alterations in other PI3K-pathway genes,
including PIK3CA and PIK3R1. These co-alteration patterns
are consistent with prior reports showing frequent PTEN alter-
ations in copy-number-low/endometrioid and MMR-deficient
molecular classes. Figure 1C illustrates mutation clustering
within the catalytic pocket and C2 interface; numerous mis-
sense mutations have been localized and have been found to
impair lipid-phosphatase activity. Taken together, these re-
sults are consistent with structural inactivation and deletion of
PTEN contributing to PI3K/AKT/mTOR pathway dysregula-
tion in UCEC4–7. This interpretation is also consistent with
early PTEN mutation studies identifying recurrent PTEN al-
terations in primary endometrial carcinoma9–11.

In Figure 2, portal-based Kaplan–Meier overall survival
curves were compared between PTEN-altered tumors (n =
181) and PTEN-unaltered tumors (n = 362) in the selected
TCGA-UCEC cohort. The displayed log-rank p-value was
0.0110, which met the conventional threshold for statistical
significance in the unadjusted portal-based comparison. How-
ever, because this analysis was generated using cBioPortal’s
built-in Kaplan–Meier output and did not adjust for stage,
grade, histologic subtype, or molecular subtype, it does not
establish PTEN alteration status as an independent prognostic
biomarker.

Gene Dependency

PTEN scores in endometrial models clustered tightly near
0, with only a small negative tail (Figure 3A), indicating
that most UCEC-relevant cell lines were not strongly depen-
dent on PTEN in the CRISPR cell-fitness assay, consistent
with PTEN’s role as a tumor suppressor gene. When en-
dometrium/uterus lineage cell lines (n = 28) were viewed
alongside cell lines from other lineages (n = 1,293) in Fig-
ure 3C, their PTEN Chronos scores generally overlapped
with those of other lineages and were centered near 0.
Only a minority of endometrial lines fell below commonly
used dependency thresholds, such as –0.5, while several
showed near-zero or positive scores. These patterns sug-
gest that future therapeutic hypotheses may focus on down-
stream PI3K/AKT/mTOR pathway components rather than di-
rect PTEN targeting; however, this was not tested directly in
the present study.
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Figure. 1 PTEN alteration landscape in TCGA-UCEC. (A) PTEN pathway map in TCGA-UCEC. (B) OncoPrint for PTEN with comparator
genes PIK3CA, PIK3R1, ARID1A, and TP53. (C) PTEN lollipop plot showing mutation clustering across the DSPc/phosphatase and
PTEN C2 domains, with a prominent R130 hotspot.

Protein-Protein Interactions and Pathways

Using STRING (Homo sapiens; high-confidence thresh-
old ≥ 0.700; first-shell = 10; second-shell = 0),
the PTEN-centered network formed a compact module
linking core PI3K/AKT/mTOR components and tumor-
suppressive regulators (Figure 4A). Top predicted part-
ners included TP53 (0.999), MAGI2 (0.998), PIK3R1

(0.997), DLG1 (0.996), PIK3CA (0.995), PTK2/FAK
(0.995), MAST2 (0.993), PREX2 (0.990), SPOP (0.990),
and AKT1 (0.988) (Figure 4B). The dense connectiv-
ity among PTEN/PIK3CA/PIK3R1/AKT1 anchors the net-
work in PI3K/AKT/mTOR signaling, while scaffold proteins
MAGI2/DLG1/MAST2 map PTEN to membrane and polar-
ity complexes, PTK2 links to adhesion and motility pathways,
and TP53/SPOP connect to cell-cycle control and apoptosis.
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Figure. 2 Kaplan–Meier overall survival in TCGA-UCEC (Firehose Legacy) comparing PTEN-altered tumors (n = 181) and PTEN-unaltered
tumors (n = 362).

Edges denote functional associations, not necessarily direct
physical binding. Overall, the network architecture is consis-
tent with PI3K/AKT/mTOR signaling, cell-cycle regulation,
and apoptotic regulation, supporting the mechanistic context
for PTEN loss in UCEC.

Expression Analysis

In Figure 5A, PTEN protein expression was lower in primary
tumors (n = 240) compared with normal endometrium (n =
51): the tumor medians center around ∼0 Z with a wide
interquartile range and long lower whiskers, whereas nor-
mals cluster tightly around ∼1.3-1.5 Z. This distribution is
consistent with reduced PTEN protein expression in UCEC
tumors and aligns with the mutation and copy-number re-
sults, suggesting reduced PTEN-mediated negative regulation
of PI3K/AKT/mTOR signaling7,30.

Figure 5B illustrates that tumor race subgroups showed
lower PTEN protein-expression distributions than the normal
group. These subgroup comparisons should be interpreted
cautiously because some subgroup sample sizes were small.
Overall, reduced PTEN protein levels were observed across
race subgroups in this portal output30.

All of the tumor distributions in Figure 5C fall well below
the reference normal. The very small 21-40 group showed
greater variability, while both the 41-60 and 61-80 groups had
medians close to ∼0 Z with dispersed distributions. Reduced

PTEN protein expression was observed across age groups in
this portal output and was not confined to one age category in
UCEC30.

Relative to normals, all tumor BMI groups in Figure 5D
showed lower PTEN Z-value distributions, with medians close
to ∼0 and distinctive lower tails, particularly for heavier
groups. Reduced PTEN protein levels were observed across
BMI/weight subgroups, suggesting that lower PTEN expres-
sion was not confined to one weight category in this portal
output30.

In Figure 5E, tumor subgroups showed lower PTEN protein
levels than the normal group, with the post-menopausal sub-
group representing the largest tumor subgroup and showing
values concentrated around ∼0 Z with wide variation. Lower
PTEN protein levels were observed across menopausal-status
subgroups, suggesting that reduced PTEN expression was not
limited to one endocrine subgroup in this portal output30.

Discussion

The data reveal that PTEN is frequently altered in TCGA-
UCEC in the selected cohort, with features including loss-
of-function truncating and splice variants, hotspot missense
mutations within the catalytic DSPc and C2 domains, and a
predominance of copy-number loss4,9–11,18. These patterns
are consistent with earlier primary studies showing PTEN
mutation or loss in endometrial carcinoma and precursor le-
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Figure. 3 PTEN gene dependency in cancer cell lines using DepMap CRISPR/Chronos.
(A) PTEN Chronos gene-effect scores in endometrial/uterus lineage cell lines.
(B) Rank plot of PTEN Chronos gene-effect scores within the endometrial/uterus lineage.
(C) Distribution of PTEN Chronos gene-effect scores across cancer lineages, including the endometrial/uterus lineage.

sions14,15,19. CPTAC-derived protein data demonstrate that
PTEN levels are reduced in tumors compared with normal en-
dometrial tissue, and this finding is consistent across multiple
clinical strata, including age, BMI, race, and menopausal sta-
tus5,30. Together, the genomic and proteomic findings are con-
sistent with a model in which PTEN dosage and function are
reduced in UCEC, potentially contributing to dysregulation of
the PI3K/AKT/mTOR pathway7,20–23.

Survival analysis by a binary “altered vs unaltered” defi-
nition showed a statistically significant difference in the un-

adjusted portal-based overall survival comparison, but this
finding should be interpreted cautiously because the analy-
sis did not include multivariable adjustment for stage, grade,
histologic subtype, or molecular subtype. This associa-
tion may reflect cohort composition, because PTEN-altered
tumors can occur in copy-number-low endometrioid and
MMR-deficient classes, which generally have more favorable
baseline prognoses than copy-number-high/TP53-mutant tu-
mors4,18,28. Previous primary studies have reported mixed
or context-dependent relationships between PTEN mutation,
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Figure. 4 STRING analysis of PTEN. (A) PTEN-centered
protein-protein association network. (B) STRING output showing
the query details and the list of 10 predicted functional partners. The
analysis used Homo sapiens, a minimum interaction score of 0.700,
10 first-shell interactors, and 0 second-shell interactors. Edges
represent functional associations, not necessarily direct physical
binding.

PTEN protein loss, and prognosis, which supports cautious
interpretation rather than a single universal prognostic con-
clusion16–18,28. A more conclusive test would limit the ex-
posure definition to unambiguous loss-of-function events or
copy-number loss, stratify by molecular class, and adjust for
stage and grade in a multivariable Cox model4,6,16,18,28.

Network and dependency analyses corroborate the pathway
context. The first-shell network of STRING locates PTEN in
a dense module with PIK3R1, PIK3CA, and AKT1, together
with scaffolds MAGI2, DLG1, and MAST2, and regulators
TP53, PTK2, PREX2, and SPOP. This wiring aligns with
PI3K/AKT/mTOR signaling, cell-cycle regulation, and apop-
totic regulation32. Complementary DepMap results showed
that PTEN Chronos scores in endometrial/uterus lineage cell
lines were generally near zero, suggesting that these models
were not strongly dependent on PTEN itself for short-term
survival. These findings provide pathway context but do not
directly identify therapeutic vulnerabilities31.

Taken together, these results indicate that reduced PTEN
activity is a recurrent biological feature of UCEC and may
be associated with downstream PI3K/AKT/mTOR pathway
dysregulation. At the same time, the present analyses are
descriptive and do not directly evaluate treatment response;
therefore, any therapeutic implications should be viewed as
hypothesis-generating rather than as evidence-based treatment
recommendations. Future work should evaluate such possibil-
ities using subtype-aware and outcome-linked analyses.

Considerable limitations also constrain this study. The Fire-
hose Legacy cohort and CPTAC proteomics do not have per-
fect overlap, which means some samples could not be linked.
Subgroup sample sizes were also small, and no multivariable
survival modeling was performed. These factors, combined
with the potential for confounding within subtypes, limit the
interpretability of the results. Future work should validate
these findings in larger, harmonized cohorts with subtype-
aware, multivariable survival models and studies designed to
evaluate whether PTEN-related pathway patterns are associ-
ated with response to PI3K-axis approaches. Overall, this
study supports PTEN as a biologically important component
of UCEC-associated pathway dysregulation, but its prognos-
tic and therapeutic utility remains to be clarified through more
reproducible and clinically integrated analyses4,5,7,18,28.

Limitations

This study has several limitations. First, it is based en-
tirely on secondary public datasets and portal-generated out-
puts rather than on raw data reprocessing. Second, exact re-
producibility is limited because an external code-based rerun
of the patient-level survival analysis was not performed in
this version. Third, the datasets used across cBioPortal, CP-
TAC, STRING, and DepMap are not perfectly overlapping, so
cross-platform comparisons are interpretive rather than fully
sample-matched. Fourth, the survival analysis is limited to
portal-based Kaplan–Meier output and does not adjust for
stage, grade, histologic subtype, or molecular subtype. Fifth,
the altered-versus-unaltered survival grouping may combine
heterogeneous PTEN event classes with different biological
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Figure. 5 CPTAC/UALCAN PTEN protein-expression comparisons in UCEC. (A) PTEN protein expression in normal endometrium and
primary tumor samples. (B) PTEN protein expression by race subgroup. (C) PTEN protein expression by age subgroup. (D) PTEN protein
expression by BMI/weight subgroup. (E) PTEN protein expression by menopausal-status subgroup.

consequences. Finally, the network and dependency analyses
provide association-level pathway context and should not be
interpreted as direct evidence of causality or treatment effi-
cacy.

Conclusion

This secondary-data bioinformatics study shows that PTEN
disruption is a prominent molecular feature of UCEC across
genomic, proteomic, and pathway-context analyses. The re-

8 | © The National High School Journal of Science 2026



sults are consistent with PTEN’s established role as a negative
regulator of PI3K/AKT signaling and support its relevance as
a biologically important pathway marker in UCEC. Although
the portal-based survival analysis showed a significant unad-
justed association, it does not establish PTEN alteration status
as an independent prognostic biomarker because no multivari-
able adjustment was performed. Therefore, the main contribu-
tion of this study is not definitive clinical prediction, but rather
a multi-omics characterization of PTEN-associated patterns
that can guide future investigation. More rigorous follow-up
studies using exported patient-level data, reproducible com-
putational pipelines, and multivariable subtype-aware analy-
ses are needed to determine the true clinical utility of PTEN-
related alterations in UCEC.
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