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Abstract
Background: Uterine corpus endometrial carcinoma (UCEC) is molecularly heterogeneous, and
clinically relevant biomarkers that link tumor biology to outcome remain needed. N-myc
downstream-regulated gene 1 (NDRG1) is a stress-responsive gene with context-dependent roles
in cancer and plausible connections to TP53-associated ferroptosis, but its significance in UCEC
has not been systematically defined.
Methods: Public TCGA-UCEC transcriptomic and clinical data were obtained from publicly
accessible TCGA/GDC-derived resources. We evaluated NDRG1 expression,
clinicopathological and survival associations, TP53 context, ferroptosis-related signatures, and
pathway enrichment, and performed exploratory progression-free interval (PFI) modeling.
Results: NDRG1 was downregulated in UCEC tumors relative to normal endometrium; however,
within tumors, higher NDRG1 expression identified a clinically aggressive subset characterized
by worse overall survival, disease-specific survival, and PFI, together with enrichment of higher
grade, advanced stage, and non-endometrioid histology. NDRG1 was further linked to a TP53-
contextual biological state: expression tended to be higher in TP53-mutant tumors, ferroptosis
activity differed significantly by TP53 status and TP53×NDRG1 subgroup, and GSEA showed
enrichment of a p53 downstream pathway in NDRG1-high tumors. In the normalized cohort,
NDRG1 correlated positively with ATG5, TFRC, FTH1, and VTCN1 and negatively with
CTLA4, supporting an association with ferroptosis-related and immunoregulatory transcriptional
programs.
Conclusions: NDRG1 identifies an adverse UCEC subset and resides within a TP53-contextual,
ferroptosis-related transcriptional landscape. These findings support NDRG1 as a candidate
biomarker for prognostic and biological stratification in UCEC and provide a rationale for
further mechanistic and translational investigation of the NDRG1-TP53-ferroptosis axis.
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Introduction
Uterine corpus endometrial carcinoma (UCEC) encompasses tumors with markedly diverse
biological behaviors and clinical outcomes. This heterogeneity is clinically important because
corpus uteri cancer accounted for more than 420,000 new cases and nearly 98,000 deaths
worldwide in 2022[1]. Although many patients present with localized disease, relapse and death
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remain concentrated in biologically aggressive subtypes[2]. TCGA-based molecular classification
has refined risk stratification in UCEC, but transcript-level markers that complement
clinicopathological assessment remain of interest[3].
Among the processes that may contribute to this heterogeneity, ferroptosis has attracted
considerable attention. Ferroptosis is an iron-dependent form of regulated cell death driven by
lipid peroxidation and embedded within broader metabolic and redox networks[4-6]. It has
emerged as a potential therapeutic vulnerability in cancer[7]. TP53 is especially relevant in this
context because it can modulate ferroptosis through metabolic and redox pathways, although the
direction and magnitude of this effect are strongly context dependent[8,9].
Against this background, N-myc downstream-regulated gene 1 (NDRG1) is of particular interest.
NDRG1 is a stress-responsive gene involved in differentiation, metabolism, survival, and tumor
progression[10-12]. In endometrial carcinoma, prior work has linked NDRG1/PTEN expression to
adverse clinicopathological features[13]. Experimental evidence has also connected NDRG1 with
p53-mediated genome-stability programs[14]. Together, these observations raise the possibility
that NDRG1 may mark aggressive UCEC and intersect with TP53 context and ferroptosis-related
transcriptional states.
Accordingly, we analyzed public TCGA-UCEC data to characterize the expression landscape
and prognostic relevance of NDRG1, define its clinicopathological associations, explore TP53-
contextual patterns, evaluate associations with ferroptosis regulators and immune checkpoint
genes, and examine pathway-level enrichment. We also explored whether integrating NDRG1
with clinical and molecular covariates could improve individualized PFI estimation in a
complete-case cohort.

Materials and methods

Data sources and analytical cohorts
Public TCGA-UCEC RNA-seq expression profiles and corresponding clinical annotations were obtained
from publicly accessible TCGA/GDC-derived resources. Unless otherwise specified, tumor-normal
comparisons, clinicopathological analyses, and primary survival analyses were based on the TCGA-
UCEC tumor TPM expression matrix transformed as log2(TPM+1). Survival endpoints, including overall
survival (OS), disease-specific survival (DSS), and progression-free interval (PFI), were obtained from
the TCGA Pan-Cancer Clinical Data Resource (TCGA-CDR)[15].
Some figure panels were based on smaller matched cohorts rather than on the full 554-tumor TPM cohort.
Selected mutation-stratified and correlation analyses used a publicly available normalized HiSeqV2
expression matrix, and sample size decreased further after TP53 mutation annotations were matched to
expression sample identifiers. The exact data source, scale, and final sample size for each main figure
panel are summarized in S5 Text.

Differential expression and clinicopathological analyses
NDRG1 expression was profiled across TCGA cancer projects and compared between tumor and normal
tissues. For UCEC, both unpaired tumor-normal and paired tumor-adjacent comparisons were performed.



In clinicopathological subgroup analyses, normal tissues were excluded and tumors were dichotomized
into NDRG1-high and NDRG1-low groups using the cohort median NDRG1 value.
Depending on the data distribution and variance structure, two-group comparisons were performed using
Student's t-test, Welch's t-test, or the Wilcoxon rank-sum test. Multi-group comparisons were performed
using the Kruskal-Wallis test followed, when appropriate, by Dunn's post hoc procedure.
Clinicopathological contingency summaries are provided in Table 1.

Survival analyses
Kaplan-Meier curves were generated for OS, DSS, and PFI using the median NDRG1 value as the
primary cutoff. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated using univariate
Cox proportional hazards regression with the NDRG1-low group as the reference.

TP53-context exploratory analyses
To examine whether NDRG1-related associations varied by TP53 context, we performed three
complementary analyses. First, we assessed the correlation between NDRG1 and TP53 mRNA expression
in the full TPM cohort. Second, in a matched normalized-expression cohort, we compared NDRG1
expression between TP53-wild-type and TP53-mutant tumors after sample-ID matching. Third, as a
sensitivity analysis, TP53-stratified Kaplan-Meier curves were generated using extreme within-stratum
quantiles of NDRG1 expression (bottom 20% versus top 20%) rather than the full median split.
For descriptive comparison of marker performance, time-dependent ROC analyses were generated for
NDRG1 mRNA and TP53 mRNA at 1, 3, and 5 years in the overall UCEC cohort with available outcome
data. These panels were used to illustrate relative discrimination rather than to claim clinical test
performance.

Ferroptosis- and immune-related analyses
A curated ferroptosis gene panel was assembled from FerrDb[16]. In the normalized-expression cohort,
Spearman correlations were calculated between NDRG1 and ferroptosis regulators/markers and between
NDRG1 and a panel of immune checkpoint or immunoregulatory genes. Benjamini-Hochberg correction
was applied to NDRG1-centric correlation summaries, whereas the heatmaps display correlation structure
with nominal significance annotations.
A ferroptosis activity score (FerroptosisScore) was calculated using single-sample gene set variation
analysis (ssGSEA/GSVA)[17] on a curated ferroptosis regulator gene set. The FerroptosisScore was then
compared across TP53 subgroups and TP53×NDRG1 subgroups. Because not all expression-matrix
samples had matched TP53 mutation annotations, some panels were based on the mutation-annotated
subset, whereas others used the broader normalized-expression cohort.

Gene set enrichment analysis
Differential expression between NDRG1-low and NDRG1-high tumors was calculated from the public
UCEC expression matrix, with logFC defined for NDRG1-low versus NDRG1-high tumors. Genes were
ranked by logFC and analyzed using GSEA[18] against MSigDB canonical pathways
(c2.cp.all.v2022.1.Hs.symbols.gmt). Because negative logFC corresponds to higher expression in the
NDRG1-high group, negative normalized enrichment scores (NES) indicate enrichment in NDRG1-high
tumors.



We report nominal P values, adjusted P values, and FDR/q values from GSEA. Pathways meeting the
discovery-oriented FDR threshold were considered enriched, whereas pathways with weaker support were
described as suggestive. Full ranked GSEA results are provided in S4 Table.

Exploratory prognostic model
To explore integrative risk modeling, we constructed a complete-case multivariable Cox model for PFI
using the subset with non-missing age, stage group, grade group, TP53 mutation status, NDRG1
expression, and FerroptosisScore (n = 165). A nomogram based on this model was generated for internal
illustration[19]. Reporting and interpretation were informed, where applicable, by TRIPOD transparency
principles[20].
Calibration, time-dependent ROC, and decision curve analyses[21,22] were treated as internal diagnostic
displays only and were not interpreted as evidence of external validation. For a compact effect-size
summary in Fig 3D, we also reconstructed 2×2 contingency tables after collapsing clinical stage (II-IV
versus I), histologic grade (G2-G3 versus G1), and histological type (mixed/serous versus endometrioid).
These reconstruction details are provided in S5 Text.

Statistical analysis and AI disclosure
All statistical tests were two-sided. Unless otherwise specified, P < 0.05 was considered statistically
significant. Correlation analyses used Spearman's rank method. Given the exploratory design and the use
of multiple public-data subsets, non-significant findings were interpreted conservatively.
During manuscript preparation, an AI-assisted language tool (ChatGPT, OpenAI) was used to improve
language clarity. The authors reviewed and edited the output and assume full responsibility for the final
content.

Results

NDRG1 expression is reduced in UCEC but remains heterogeneous across tumors
Pan-cancer screening showed lineage-dependent differences in NDRG1 expression across TCGA tumor
types. In UCEC, NDRG1 expression was significantly lower in tumors than in normal endometrium in
both the unpaired comparison (tumor n = 554, normal n = 35; P = 0.0156) and the paired analysis of 23
matched tumor-adjacent normal pairs (P = 0.0082). These findings indicate that NDRG1 is dysregulated
in UCEC while remaining substantially heterogeneous across tumors.



Fig 1. Pan-cancer and UCEC-specific expression analysis of NDRG1. (A) Differential expression of NDRG1 between
tumor and normal tissues across multiple TCGA cancer types. (B) Unpaired comparison of NDRG1 expression between
TCGA-UCEC tumor samples (n = 554) and normal endometrial tissues (n = 35). (C) Paired analysis of 23 matched tumor-
adjacent normal pairs.

High NDRG1 expression is associated with poorer survival
Using the median NDRG1 value as the primary cutoff, Kaplan-Meier analyses showed that the NDRG1-
high group had worse OS (HR = 1.79, 95% CI: 1.19-2.71, P = 0.006), PFI (HR = 1.49, 95% CI: 1.05-2.11,
P = 0.025), and DSS (HR = 2.06, 95% CI: 1.23-3.45, P = 0.006) than the NDRG1-low group. The
consistent direction of association across all three endpoints supports the interpretation that elevated
tumor NDRG1 marks a clinically less favorable UCEC subset.



Fig 2. Prognostic associations of NDRG1 in UCEC. Kaplan-Meier survival curves for overall survival (OS), progression-
free interval (PFI), and disease-specific survival (DSS) stratified by the cohort median NDRG1 expression. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were estimated by univariate Cox regression with the NDRG1-low group as the
reference.

NDRG1 is associated with adverse clinicopathological characteristics
Compared with the NDRG1-low group, the NDRG1-high group contained a greater proportion of grade 3
tumors (72.6% vs 46.5%, P < 0.001) and mixed/serous histology (35.4% vs 15.9%, P < 0.001). A higher
proportion of stage II-IV disease was also observed in the NDRG1-high group, although this comparison
was borderline significant (32.9% vs 24.5%, P = 0.061). Expression-level subgroup analyses likewise
showed higher NDRG1 values in more advanced stage groups, in grade 3 tumors, and in mixed/serous
tumors than in endometrioid tumors. Reconstructed odds-ratio summaries further confirmed enrichment
of high NDRG1 expression in tumors with advanced stage (OR = 1.612, 95% CI: 1.140-2.277, P = 0.007),
high grade (OR = 3.644, 95% CI: 2.232-5.951, P < 0.001), and mixed/serous histology (OR = 2.899, 95%
CI: 1.933-4.349, P < 0.001).
Table 1. Clinicopathological characteristics according to NDRG1 expression group in the TCGA-UCEC tumor
cohort.

Characteristics NDRG1-low NDRG1-high P value

n 277 277

Clinical stage, n (%) 0.061

Stage I 187 (67.5%) 156 (56.3%)

Stage II 22 (7.9%) 30 (10.8%)

Stage III 56 (20.2%) 74 (26.7%)

Stage IV 12 (4.3%) 17 (6.1%)

Primary therapy outcome, n (%) 0.332

PD 6 (2.5%) 14 (5.8%)

CR 227 (93.8%) 217 (90.4%)

SD 3 (1.2%) 3 (1.2%)



Characteristics NDRG1-low NDRG1-high P value

PR 6 (2.5%) 6 (2.5%)

Radiation therapy, n (%) < 0.001

Yes 101 (38.3%) 147 (55.5%)

No 163 (61.7%) 118 (44.5%)

Diabetes, n (%) 0.680

Yes 63 (28.3%) 61 (26.5%)

No 160 (71.7%) 169 (73.5%)

Menopause status, n (%) 0.138

Pre 23 (9.2%) 12 (4.7%)

Peri 8 (3.2%) 9 (3.5%)

Post 220 (87.6%) 235 (91.8%)

Hormones therapy, n (%) 0.339

Yes 26 (15.4%) 21 (11.9%)

No 143 (84.6%) 156 (88.1%)

Tumor invasion(%), n (%) 0.174

< 50 145 (57.8%) 116 (51.6%)

>= 50 106 (42.2%) 109 (48.4%)

Histologic grade, n (%) < 0.001

G1 74 (27.1%) 25 (9.3%)

G2 72 (26.4%) 49 (18.1%)

G3 127 (46.5%) 196 (72.6%)

Histological type, n (%) < 0.001

Endometrioid 233 (84.1%) 179 (64.6%)

Mixed 7 (2.5%) 17 (6.1%)

Serous 37 (13.4%) 81 (29.2%)

Residual tumor, n (%) 0.265

R0 196 (92.5%) 181 (89.2%)

R1 11 (5.2%) 11 (5.4%)



Characteristics NDRG1-low NDRG1-high P value

R2 5 (2.4%) 11 (5.4%)

BMI, n (%) 0.024

<= 30 94 (35.9%) 118 (45.6%)

> 30 168 (64.1%) 141 (54.4%)

Height, n (%) 0.906

<= 160 124 (46.8%) 123 (47.3%)

> 160 141 (53.2%) 137 (52.7%)

Weight, n (%) 0.002

<= 80 104 (39.2%) 139 (52.5%)

> 80 161 (60.8%) 126 (47.5%)

Age, n (%) 0.198

<= 60 111 (40.2%) 96 (34.9%)

> 60 165 (59.8%) 179 (65.1%)

Race, n (%) 0.038

Asian 14 (5.4%) 6 (2.4%)

Black or African American 46 (17.8%) 63 (25.2%)

White 199 (76.8%) 181 (72.4%)

OS event, n (%) 0.042

Alive 239 (86.3%) 221 (79.8%)

Dead 38 (13.7%) 56 (20.2%)

DSS event, n (%) 0.025

Yes 23 (8.4%) 40 (14.4%)

No 252 (91.6%) 237 (85.6%)

PFI event, n (%) 0.087

Yes 56 (20.2%) 73 (26.4%)

No 221 (79.8%) 204 (73.6%)



Abbreviations: PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response; OS, overall survival;
DSS, disease-specific survival; PFI, progression-free interval. Percentages were calculated from non-missing values within each
group.

Fig 3. Associations between NDRG1 expression and clinicopathological characteristics in UCEC. Box plots show NDRG1
expression across pathological stage, histologic grade, and histological type in tumor samples with available annotations.
Panel D summarizes independently reconstructed univariate odds ratios from collapsed 2 × 2 contingency tables using
NDRG1 group (high vs low) as predictor. Reconstruction details are provided in S5 Text.

Exploratory TP53-context analyses provide limited support for a direct NDRG1-TP53 link
NDRG1 showed only a weak, non-significant correlation with TP53 mRNA expression in the full TPM
cohort (rho = 0.072, P = 0.090). In the matched normalized-expression subset, NDRG1 tended to be
higher in TP53-mutant tumors than in TP53-wild-type tumors, but the difference did not reach statistical
significance (P = 0.093). TP53-stratified survival sensitivity analyses based on extreme within-stratum
NDRG1 quantiles suggested directional heterogeneity, although none of the subgroup comparisons was
significant and subgroup event counts were limited.



Time-dependent ROC comparisons of NDRG1 mRNA and TP53 mRNA in the overall cohort yielded
only modest AUCs at 1, 3, and 5 years for OS and PFI. NDRG1 outperformed TP53 in several
comparisons, but absolute discrimination remained limited. These ROC curves are therefore best
interpreted as descriptive performance displays rather than evidence of substantial prognostic utility.
Fig 4. Exploratory TP53-context analyses of NDRG1 in UCEC. (A) Correlation between NDRG1 and TP53 mRNA
expression in the full TPM cohort (rho = 0.072, P = 0.090). (B) Comparison of NDRG1 expression by TP53 mutation
status in the matched normalized-expression subset (P = 0.093). (C-F) Extreme-quantile sensitivity analyses of OS and PFI
within TP53-mutant and TP53-wild-type strata. (G-L) Time-dependent ROC comparisons between NDRG1 mRNA and
TP53 mRNA. These panels do not establish a direct TP53-dependent mechanism.

NDRG1 correlates with ferroptosis-related and immune-regulatory genes in a normalized
expression cohort
In the normalized HiSeqV2 cohort, NDRG1 was positively correlated with multiple ferroptosis-related
genes, including ATG5 (rho = 0.286, P = 0.0001), TFRC (rho = 0.258, P = 0.0005), and FTH1 (rho =
0.272, P = 0.000263). NDRG1 also correlated positively with VTCN1 (rho = 0.368, P = 4.98×10^-7) and
inversely with CTLA4 (rho = -0.229, P = 0.0023). Although modest in magnitude, these associations
were reproducible across the heatmaps and representative scatter plots, and several NDRG1-centric
correlations remained significant after Benjamini-Hochberg correction.



Fig 5. Correlations of NDRG1 with ferroptosis-related and immune-regulatory genes in a normalized TCGA-UCEC cohort.
Heatmaps show Spearman correlation structure for selected ferroptosis regulators/markers and immune checkpoint or
immunoregulatory genes (n = 176). Representative scatter plots show correlations with ATG5, TFRC, VTCN1, and
CTLA4. Benjamini-Hochberg-adjusted summaries are provided in the supporting files where indicated.

Ferroptosis-score patterns are more evident across TP53-defined subgroups than in global
correlation analyses
In the mutation-annotated subset (n = 168), FerroptosisScore differed significantly between TP53-wild-
type and TP53-mutant tumors (P = 3.46×10^-4) and across the four TP53×NDRG1 subgroups defined by
TP53 status and median NDRG1 expression (P = 0.00159). By contrast, the continuous association
between NDRG1 and FerroptosisScore remained weak in the broader normalized cohort available for this
comparison.
Taken together, the signal in Fig 6 is more consistent with subgroup-level structure than with a strong
global linear relationship. Because panels A-B and panel C were derived from related but non-identical
analytic subsets, they should be interpreted as complementary exploratory views rather than as a single
internally uniform inferential chain.



Fig 6. Exploratory ferroptosis-score analyses across TP53 and NDRG1 strata in UCEC. A ferroptosis activity score
(FerroptosisScore) was derived by ssGSEA/GSVA using a curated ferroptosis regulator set. (A) Comparison between
TP53-wild-type and TP53-mutant tumors in the mutation-annotated subset (WT n = 79, Mut n = 89). (B) Comparison
across four TP53 × NDRG1 subgroups in the same subset. (C) Continuous correlation between NDRG1 and
FerroptosisScore in the broader normalized cohort used for this panel. (D) Descriptive subgroup-summary display of
representative ferroptosis-related features. Because panels A-B and C were derived from different analytic subsets, this
figure should be interpreted cautiously.

GSEA links NDRG1-high tumors to p53-related and epithelial differentiation programs, with
weaker support for ferroptosis
GSEA of genes ranked by differential expression between NDRG1-low and NDRG1-high tumors showed
strong enrichment of epithelial differentiation and cornification-related pathways in NDRG1-high tumors.
Among biologically targeted pathways, a p53 downstream pathway was clearly enriched in NDRG1-high
tumors (NES = -1.565, FDR = 0.015). A ferroptosis pathway also trended toward enrichment in NDRG1-
high tumors, although the signal was weaker (NES = -1.555, FDR = 0.096) and is best regarded as
suggestive rather than definitive.



Fig 7. Gene set enrichment analysis (GSEA) of NDRG1-associated pathways in UCEC. Genes were ranked by differential
expression between NDRG1-low and NDRG1-high tumors and analyzed against MSigDB canonical pathways. Negative
normalized enrichment scores indicate enrichment in NDRG1-high tumors. The p53 downstream pathway showed
stronger support, whereas ferroptosis-related enrichment was suggestive rather than definitive.

An exploratory complete-case PFI model provides limited internal discrimination
In the complete-case cohort used for exploratory modeling, none of the candidate clinical or molecular
variables remained independently significant in the multivariable Cox model. The resulting nomogram



and related diagnostics therefore describe the behavior of a weak internal model rather than a validated
prediction tool.
These analyses did not support clinical application of the model. Instead, Fig 8 shows that age, stage,
grade, TP53 mutation status, NDRG1, and FerroptosisScore, as assembled here, yielded limited internal
discrimination in a relatively small complete-case subset (C-index = 0.576, 95% CI: 0.536-0.616).
External validation and model redevelopment would be required before any prognostic use could be
considered.
Fig 8. Internal diagnostics of an exploratory PFI model in UCEC. (A) Multivariable Cox regression in the complete-case
cohort (n = 165). (B-I) Nomogram, calibration, decision-curve, and time-dependent ROC displays generated for internal
model appraisal only. Because no covariate was independently significant and discrimination was limited, these panels
should not be interpreted as evidence of clinical utility.

Discussion
This study provides an integrated analysis of public UCEC data spanning differential expression,
prognosis, clinicopathological associations, TP53-context analyses, ferroptosis-related correlations,
pathway enrichment, and exploratory prognostic modeling. The most robust findings were the tumor-
normal expression comparisons, survival associations in the full TPM cohort, clinicopathological



correlations, and normalized-cohort associations linking NDRG1 with ferroptosis-related and immune-
regulatory genes.

NDRG1 was lower in UCEC tumors than in normal endometrium, yet higher intratumoral
NDRG1 expression identified patients with worse outcome. This apparent paradox is
biologically plausible because downregulation relative to normal tissue and adverse stratification
within tumors are not mutually exclusive. A recent study of endometrioid endometrial carcinoma
likewise associated high NDRG1 expression with poor prognosis[23].
The TP53-related findings should still be interpreted cautiously. The full-cohort correlation
between NDRG1 and TP53 mRNA was weak, and the mutation-stratified expression difference
amounted only to a trend. Although TP53-stratified extreme-quantile survival curves suggested
that the direction of association might vary by TP53 status, these analyses excluded the middle
60% of samples and were constrained by small event counts. The biological and clinical
complexity of p53-abnormal endometrial tumors supports such caution[24].
The ferroptosis-related findings were mixed but informative. A recent endometrial cancer review
emphasized that ferroptosis in this disease is strongly context dependent[25], and a broader
oncology synthesis reached a similar conclusion across tumor types[26]. The inverse association
with selected immune-checkpoint features should likewise be interpreted cautiously, but
emerging evidence indicates that antitumor immunity can intersect with tumor-cell ferroptosis[27].
The positive correlations with ATG5 and TFRC are biologically plausible because autophagy-
mediated ferritin turnover can promote ferroptosis[28], and TFRC has been proposed as a
ferroptosis marker[29]. Experimental work in hepatocellular carcinoma further suggests that
NDRG1 can modulate ferroptosis in another tumor context, although whether that observation
generalizes to UCEC remains unknown[30].
The exploratory prognostic model should be viewed strictly as an internal demonstration. None of the
covariates was independently significant, the C-index was low, and the calibration, DCA, and ROC
displays did not justify clinical adoption.
Several limitations deserve emphasis. First, this was a retrospective bioinformatics study without external
validation or functional experimentation. Second, different public-data subsets and expression scales were
necessarily used across analyses because the available normalized matrices and matched TP53
annotations did not cover every sample in the full TPM cohort. Third, some panels, particularly the TP53-
stratified extreme-quantile analyses and the complete-case predictive model, were exploratory by design.

Overall, the present results suggest that NDRG1 marks an adverse clinicopathological and
prognostic phenotype in UCEC and resides within a broader transcriptional context involving
p53-related stress programs, immune-regulatory states, and ferroptosis-linked genes. These
findings support NDRG1 as a candidate biomarker for molecular stratification and as a plausible
entry point for future mechanistic studies of TP53-ferroptosis crosstalk in UCEC.

Conclusions
NDRG1 is dysregulated in UCEC and, within tumors, higher expression is associated with
aggressive clinicopathological features and poorer survival. Public-data analyses further place



NDRG1 within a TP53-related transcriptional context linked to ferroptosis-associated genes and
immunoregulatory checkpoints, with pathway analysis supporting enrichment of p53
downstream signaling in NDRG1-high tumors. Together, these findings nominate NDRG1 as a
candidate biomarker for prognostic and biological stratification and as a potential entry point for
mechanistic studies of TP53-ferroptosis crosstalk in UCEC.
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