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integrating single-cell RNA sequencing and

multi-omics analysis

Endometrial cancer, one of the most prevalent gynecolog-
ical malignancies, has been steadily increasing in inci-
dence, with 417,000 new cases and 97,000 deaths reported
worldwide in 2020." Its classification is crucial for effective
management. Endometrial cancer is a highly heterogeneous
tumor, exhibiting significant variation in clinical outcomes
even within defined grades and tissue types.? An evaluation
of the five leading risk stratification systems for endome-
trial cancer revealed that none achieved high accuracy in
predicting recurrence or metastasis, resulting in substantial
treatment variations for the same patient based on
differing criteria.> Stromal stem cells were regarded as one
of the primary contributors to the origin of endometrial
cancer.” These cells could initiate a vicious cycle of tumor
development through extensive crosstalk with tumor cells,
suggesting that tumor progression may significantly depend
on alterations in cancer-associated stromal cell signaling.’
However, no attempt has been made to integrate stromal
cells into the prognostic prediction model for uterine
corpus endometrioid cancer (UCEC) to improve accuracy. In
this study, we successfully identified stromal cell differ-
entiation fate genes (SDFGs) and developed a novel UCEC
risk stratification system based on these genes.

Firstly, we performed t-SNE dimensionality reduction
analysis on the single-cell RNA sequencing data of
35,283 cells from five UCEC tissues of GSE173682. Thirteen
clusters were identified, and six cell types, including B
cells, endothelial cells, epithelial cells, myeloid cells,
natural killer/T cells, and stromal cells, were annotated
(Fig. 1A; Fig. STA—D). Next, we extracted stromal cells and
divided these cells into eight clusters (Fig. 1B; Fig. S1E, F).
To identify stromal cell fate-related genes, we performed
Monocle 2 analysis and uncovered five distinct
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differentiation states as well as 1130 genes significant in
Monocle 2 analysis of stromal cells (Fig. 1C; Fig. S1G).
Intersecting with 116 significant genes in the Kaplan—Meier
survival analysis and 39 significant genes in the univariate
Cox regression analysis of the TCGA-UCEC cohort, we finally
defined 37 SDFGs (Table S1 and Fig. 1D).

Based on 37 SDFGs, we performed consensus clustering
of TCGA bulk RNA sequencing data from UCEC patients to
establish a UCEC risk stratification system consisting of
three clusters. The differential expression of all 37 SDFGs
across various clusters was illustrated in Figure S2A. The
heatmap revealed differential expression of 37 SDFGs
across five states, showing that determinant genes for
states 1 and 2 were highly expressed in clusters 1 and 3,
respectively (Fig. 1E). The Kaplan—Meier survival curves for
the three clusters also revealed significant differences
(p < 0.001), with cluster 1 harboring the best prognosis and
cluster 3 harboring the worst (Fig. 1F). Next, we displayed
significant discrimination between the three clusters by
principal component analysis (PCA) (Fig. S2B). The high PCA
score group had a significantly worse prognosis than the low
PCA score group (p < 0.001; Fig. S2C), with cluster 3
showing the highest scores and poorest prognosis and
cluster 1 showing the lowest scores and the best prognosis
(p < 0.001; Fig. S2D). Subsequently, we investigated the
multi-omics correlations of the UCEC risk stratification
system. "High PCA score plus high tumor mutation burden”
was associated with the lowest survival probability
(Fig. S2E). Cluster 3, showing the highest PCA scores, was
negatively correlated with most immune cell infiltration
(Fig. S2F, G) and was predicted to be not responsive to
immune checkpoint inhibitors (Fig. S2H).

Moreover, we constructed a prognostic prediction model
based on SDFGs. To prevent overfitting, we applied LASSO
regression, and 16 genes were selected to construct the
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Figure 1 Identification of stromal cell fates and construction of a novel risk stratification system in UCEC. (A) t-SNE plots
exhibited 35,283 cells, with six cell types identified (B cells, endothelial cells, epithelial cells, myeloid cells, NK/T cells, and
stromal cells) in UCEC. (B) Eight subpopulations within 15,582 stromal cells were identified in UCEC. (C) The pseudo-temporal
trajectory of stromal cells, with all subpopulations annotated. The arrows indicate the direction of the inferred differentiation
trajectories. (D) Thirty-seven SDFGs were identified through Monocle 2 analysis, Kaplan—Meier survival analysis, and univariate Cox
regression analysis. (E) The heatmap of the three clusters based on consensus clustering analysis. (F) Different survival
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prognostic prediction model (Fig. S3A, B). We then divided
the UCEC patients into the training and test groups at a 7-
to-3 ratio and further separated them into the low- and
high-risk groups based on the median risk scores. The dif-
ferential expression of the 16 genes between the high- and
low-risk groups was shown in Figure S3C. According to the
receiver operating characteristic (ROC) curves, the area
under the ROC curve (AUC) in the all set, training set, and
testing set reached 0.800, 0.812, and 0.772, respectively,
displaying the credibility of the model (Fig. S3D). To
determine whether the risk score was an independent
prognostic factor, we incorporated “age” "grade” “bone
metastasis” “distant metastasis” “stage” and ‘risk score”
into univariate and multivariate Cox regression analyses,
and found that the risk score was an independent risk factor
of the UCEC patients’ prognosis (hazard ratio = 21.94,
p < 0.001, and hazard ratio = 8.89, p < 0.001, respec-
tively) (Fig. S3E). Ultimately, we intended to discover the
potential mechanisms of each consensus cluster. We first
conducted differential expression analysis between high-
stage (IlI/IV) and low-stage (I/1l) UCEC patients and
discovered several differentially expressed SDFGs, tran-
scription factors, and hallmark pathways. Based on these
components, we constructed the co-expression regulatory
network for each cluster (Fig. 1G; Fig. S4A, C). ARHGAP29
and PGR were identified as key genes for cluster 3, which
harbored the worst prognosis. The possible target drugs for
each cluster are listed in Figure 1H and Figure S4B and D.

All in all, our study introduced a novel UCEC risk strati-
fication system based on SDFGs with multi-omics correla-
tions, highlighting the critical role of stromal cells in UCEC
progression. The identification of 37 SDFGs and their inte-
gration into the risk model enhanced classification and
prognostic assessment. Most importantly, we identified two
key genes (ARHGAP29 and PGR) in the co-regulatory
network of cluster 3, with the worst prognosis, as well as
the potential target drugs. Further study may focus on
these key genes and potential drugs and try to reveal their
possible regulatory mechanisms. In clinical practice, the
detection of the key genes identified in our UCEC risk
stratification system might help in the early diagnosis of
those high-risk UCEC patients and provide opportunities for
early treatment.
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