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Abstract: Objective: Endometrial cancer is one of the most common tumors of the female reproductive system,
and the existing treatment options for advanced and metastatic endometrial cancer have certain limitations. The
antitumor activity of luteolin has been gradually discovered. The purpose of this study was to predict the potential
of luteolin in the treatment of endometrial cancer and to provide reference for future clinical drug use. Methods:
The target gene database of luteolin and differential gene dataset of uterine corpus endometrial carcinoma (UCEC)
have been constructed to obtain the differential genes (DR-DEGs) for luteolin and UCEC. The Gene Set Enrichment
Analysis (GSEA), Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis
are performed at the same time. Genes associated with prognosis in DR-DEGs were screened and validated using
univariate and multivariate COX risk regression analysis so as to construct a prognostic model. Genes are divided
into high-risk and low-risk groups according to risk scores for survival analysis and the predictive effect of the model
is evaluated. The role of immune function in UCEC is investigated by immune infiltration and immune checkpoint
analysis Finally, Transwell experiment was conducted to investigate the effect of luteolin on the migration ability of
endometrial cancer cells, and the expression changes of MMP1, IL-17 and VEGF were detected by g-PCR. Results:
Through the GO, KEGG and GSEA enrichment analysis, we have found a significant enrichment in “IL 17 signaling
(IL-17) pathway”, “oxidative stress response” and “HOMOLOGOUS_RECOMBINATION”. Through multivariate COX risk
regression analysis, four genes associated with the prognosis are harvested, including “PRSS1, MMP1, ERBB2 and
NUF2” which belong to high-risk genes. Kaplan-Meier analysis shows that the survival rate in the high risk group is
lower than that in the low risk group, and the receiver operating characteristic (ROC) curve reveals that the predic-
tive effect of the model is good and stable (area under 1-year curve (AUC) 0.569, two-year AUC 0.628 and three-year
AUC 0.653). Immune infiltration and immune checkpoint analysis suggest that “CD40”, “T cells regulatory (Tregs)”,
“dendritic cells resting” and “dendritic cells activated” are correlated with survival and prognosis in UCEC patients.
In in vitro experiments, we found that the migration ability of endometrial cancer cells was significantly reduced
after luteolin treatment, and the expressions of MMP1, IL-17 and VEGF were all decreased. Conclusion: Through
bioinformatic analysis, we found that luteolin could slow down the progression of UCEC by inhibiting the production
of inflammatory mediators such as IL-17 and oxidative stress, and constructed genetic prognostic models associ-
ated with them: PRSS1, MMP1, ERBB2 and NUF2, respectively. In addition, we found that luteolin has an inhibitory
effect on the migration of endometrial cancer cells and can reduce the expressions of MMP1, IL-17 and VEGF, thus
easing the progression of endometrial cancer.
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Introduction

Uterine corpus endometrial carcinoma (UCEC)
mostly occurs in menopausal women with an
average age of about 60 years. It is one of the
most common tumors of the female reproduc-
tive system [1]. According to the estimation of

the American Cancer Society, there will be
about 65,950 new UCEC patients in the United
States in 2022, and nearly 130,000 women will
die from the disease in 2022 [2]. More than
600,000 UCEC patients still exist in the United
States until today [2]. In recent years, the mor-
bidity and mortality of UCEC are increasing [3,
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4]. It not only seriously affects their quality of
life and their life and health, but also increases
the medical burden of the society. At present,
the treatment for UCEC patients is mainly
surgical. The main methods include complete
hysterectomy, bilateral salpingo-oophorectomy,
paraaortic and pelvic lymphadenectomy, etc. It
can also be treated through non-surgical thera-
py such as radiotherapy, chemotherapy and
other adjuvant therapies [5, 6]. However, the
adjuvant treatment for UCEC is still complex
and controversial. There is relatively little room
for the treatment options of advanced and met-
astatic cancers [7]. Considering that the mor-
bidity and mortality of UCEC are increasing in
recent years and the treatment protocols have
certain limitations and controversies for the
advanced and metastatic UCEC, it is, therefore,
very important to explore new treatment direc-
tions and establish new prognostic models to
accurately and conveniently predict the survival
time of UCEC patients.

In China, traditional Chinese medicine (TCM)
has been widely accepted as an alternative
cancer therapy. Moreover, it has been proved
that cancer patients may widely benefit from
the TCM treatment [8, 9]. Compared with tradi-
tional anti-cancer drugs with obvious adverse
effects, many natural small molecules in tradi-
tional Chinese medicine have attracted the
attention of researchers in the anti-cancer drug
R&D due to their potential tumor selectivity and
low cytotoxicity [10, 11]. As a small molecule
compound of flavonoids of natural traditional
Chinese medicine, luteolin is widely found in a
variety of plants such as carrots, onion and
broccoli [12], with strong antioxidant and anti-
inflammatory activities [13]. Many studies have
found that the anti-inflammatory effect of luteo-
lin is related to the anti-tumor effect to some
extent [14, 15]. It has a certain inhibitory effect
on breast cancer, colon cancer, liver cancer
and other carcinoma cell lines [16-18]. Recent
studies have also discovered that flavonoids
such as luteolin may play a role in prevention
of cancer by regulating the microbiota and
immune function in the digestive system [19].
However, there is a lack of further studies on
luteolin in the treatment of UCEC. In this con-
text, we have explored the potential mecha-
nism of luteolin in the UCEC treatment and
tested it experimentally, and established a new
prognostic model of drug-related differentially
expressed genes for UCEC.
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Methods
Construction of target gene dataset for luteolin

First, we searched drug target proteins of
small molecule luteolin through the Traditio-
nal Chinese Medicine Systems Pharmacology
(TCMSP) database. Gene transformation and
standardization of drug target proteins were
performed using the uniport [https://www.uni-
prot.org/] database, and the relevant target
gene dataset of luteolin was constructed.

Construction of differential gene dataset for
UCEC

The raw gene sequencing (RNA seq) dataset
and clinical data of uterine corpus endometrial
cancer (UCEC) were downloaded from the Can-
cer Genome Atlas (TCGA) website (https://por-
tal.gdc.cancer.gov). A total of 23 normal sam-
ples and 552 tumor samples were obtained.
The data were extracted and standardized by
using R software (R 4.1.2). In order to identify
and screen differentially expressed genes
(DEGs), we screened them via “limma” R pack-
age, with parameters set as P<0.05 and false
discovery rate (FDR)<0.05.

Construction and analysis of drug-related
DGEs (DR-DEGs)

The intersection of luteolin target genes and
UCEC-DEGs was performed through the
Venny2.1.0 website (https://bioinfogp.cnb.csic.
es/tools/venny/). A total of 22 DR-DGEs were
harvested. A protein interaction network of
22 DR-DEGs was constructed using the String
(https://string-db.org/) database. It was further
visualized by using Cytoscape (version3.9.0)
software according to the degree of interac-
tion of each protein node. Gene Ontology
(GO) enrichment analyses were performed for
DR-DEGs via the “clusterProfiler” R package,
including biological processes, cellular compo-
nents and molecular functions. Moreover,
Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analyses were carried out
for DR-DEGs using the same tool.

Construction and validation of prognostic mod-
els of DR-DEGs

For further exploration of the prognostic value

of DR-DEGs associated with UCEC, we com-
bined the expression levels of DR-DEGs with
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clinical data using perl language (perl 5.30.1)
and excluded the samples with incomplete clin-
ical data and zero or negative survival time.
Univariate COX proportional hazards regression
analysis was conducted for 22 DR-DEGs in
relation to survival status using the coxph func-
tion (P<0.05) of the “survival” R package in
order to identify genes that were significantly
correlated with the prognosis of UCEC patients.
In order to avoid overfitting, the prognosis-relat-
ed DR-DEGs were brought into the least abso-
lute shrinkage and selection operator (LASSO)
-penalized Cox regression using the “glmnet” R
package. A multivariate COX proportional haz-
ards regression analysis was continuously used
to finally acquire four DR-DEGs associated with
prognosis and build a prognostic model. Risk
score for each patient: risk score = X XA*coefA.
The risk score formula is based on the relative
expression level of each gene and the coeffi-
cient of each gene from multivariate COX pro-
portional risk regression analysis, where XA is
the standardized relative expression level of
each drug differential gene and coefA is the
coefficient. The patients were divided into high-
risk and low-risk groups according to the medi-
an risk score of the tumor group. With respect
to the determination of whether the high-risk
and low-risk patients were well divided into
two groups as well as the investigation of the
distribution of the low-risk group, the Principal
Component Analysis (PCA) was performed
using “Rtsne” R package. The t-SNE test and
grouping visualization were also carried out. In
order to determine the prognostic role of risk
scores in predicting clinical UCEC patients, a
survival analysis for life cycle was performed
between the high-risk and low-risk groups and
the results were shown by Kaplan-Meier curves.
Meanwhile, a time-dependent receiver operat-
ing characteristic (ROC) curve analysis was
conducted using the “survivalROC” R package
to test the specificity and sensitivity of the
prognostic model for survival.

Immune correlation analysis and tumor micro-
environment analysis

The infiltration scores of 22 immune cells
in tumor patients were calculated separately
by CIBERSORT algorithm. The expression of
immune checkpoints related genes in the high
and low UCEC risk groups was calculated using

the “limma”, "reshape2” package of R software
and then visualized. The total scores of stromal
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cells and immune cells in the high-risk and
low-risk groups in the tumor microenvironment
were calculated using the “estimate” package
of R software. The correlation of stromal cell
and immune cell scores and risk scores was
investigated respectively.

Gene set enrichment analysis (GSEA)

Relevant pathways and biological processes
were introduced to detect the high-risk popula-
tions. Expressed gene sets of low-risk or high-
risk populations and these collected marker
gene sets from the Kyoto Encyclopedia of
Genes and Genomes (KEGG) database V7.5.1
were analyzed using GSEA (4.2.1) software.
FDR<0.05 was considered as statistical signifi-
cance.

Transwell invasion experiment

500 pl of DEME complete medium was added
to the Transwell chambers under the plate with-
out matrigel. The Transwell chambers were
placed therein. The culture plate was then
placed in a cell incubator for activation for 15
minutes. Cells were diluted to 1x10%/ml with
serum-free DMEM medium containing O and
10 uM of luteolin, adding 100 ul in each of the
different chambers. The cells and medium
inside of the Transwell upper chambers were
completely and gently wiped off with a cotton
ball after 24 hours, and then fixed in pre-cooled
paraformaldehyde for 30 minutes. The Tran-
swell chambers were inverted on the tabletop.
A drop of crystal violet solution was dropped in
the chambers and stained for 20 minutes. After
20 minutes, the crystal violet solution was
washed out with PBS. The inverted Transwell
chambers were dried on the tabletop and then
observed under an inverted microscope. The
number of cells traversed was observed under
a 10-fold microscope in each group for statisti-
cal analysis.

The g-PCR experiment

These cells were inoculated in the six-well plate
to 80% of confluence. The original medium was
replaced with complete DMEM containing O, 5,
10 and 15 uM of luteolin for intervention.
According to instructions of the RNA extraction
kit of Felet Biotech, RNA was then extracted
from a six-well plate in the blank group (cultured
in the complete DMEM for 24 h) and the drug
group (a complete DMEM containing 5, 10 and
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Table 1. The primer sequences for real-time PCR

relationship map of genes was

also further plotted (Figure 2D).

Gene  Forward Reverse

MMP1 AAAGGG AATAAGTACTGGGC CAGTGTTTTCCTCAGAAAGAG Results of protein interaction net-
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA work and functional enrichment
IL-17 ACCAATCCCAAAAGGTCCTC GGGGACAGAGTTCATGTGGT analysis

VEGF  ATGAACTTTCTGCTGTCTTGGGT TGGCCTTGGTGAGGTTTGATCC

15 uM luteolin) after 24 hours. The reverse
transcription kit (China, Genecopoeia) was
used for cDNA synthesis under 25°C, 5 min;
42°C, 15 min; 85°C, 5 min; and 4°C, holding
setup program. After acquiring cDNA, the prim-
er sequences are shown in Table 1. The PCR
reaction system is as follows: the Premix Ex Taq
(loading dye Mix) 10 ul, 0.5 pl each in the
upstream and downstream primers, cDNA 1 uL
and ddH20 supplemented to the total system
20 pl. The reaction conditions: 1. Pre-denatura-
tion under 95°C for 30 s; 2. denaturation under
95°C for 30 s; 3. annealing under 60°C for 30
s; 4. extension under 65°C for 1 min. The reac-
tion was ended after 35 cycles under 65°C with
final extension of 5 minutes for observation.
The glyceraldehyde-3-phosphate dehydroge-
nase gene was used as an endogenous control.
Fold change was calculated as 2-AACT.

Results

Results of DR-DEGs related to luteolin and
UCEC

The analysis flow chart is shown in Figure 1.
The TCMSP database was used to search for
target proteins of small molecules of luteolin,
which were transformed and standardized
through the uniport database, thereby yielding
a total of 57 drug target genes. Data obtained
from the TCGA web site were screened by
“limma” package, showing 6,989 genes that
were differentially expressed in 23 normal and
552 tumor groups (Figure 2A). The intersection
of DEGs and drug target genes was acquired
using the website Venny2.1.0 and a total of 22
DR-DEGs were yielded (Figure 2B). The expres-
sion levels of these genes were visualized in
the normal and tumor groups by heatmap
(Figure 2C), including DR-DEGs: INSR, SLC2A4,
ADCY2, AR and JUN which were highly expressed
inthe normal group, and 17 remaining DR-DEGs:
CASP3, PCNA, BIRC5, CCNB1, TOP2A, NUF2,
MMP9, IFNG, GSTP1, PRSS1, ERBB2, IL10,
MET, TNF, IL6, XDH and MMP1 which were high-
ly expressed in the tumor group. An expression
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In order to explore the relation-
ships among target proteins of 22
DR-DEGs, a gene target protein interaction net-
work diagram was established using the string
database. After deleting a target protein with
no relationship to other nodes, the interaction
network data were imported into Cytoscape
software (version3.9.0) for further analysis.
Finally, 21 target protein interaction network
diagrams of DR-DEGs were obtained (Figure
3A). Of which, the genes “ERBB2, JUN, CASP3,
MMP9, IL6 and TNF” were at the center of the
interaction network, indicating that they were
more connected with other nodes in the net-
work and can be the core genes of the network.
In order to explore the potential mechanism of
22 DR-DEGs and UCEC, the GO and KEGG
enrichment analysis was performed. The GO
enrichment analysis showed that it was highly
enriched in the “response to reactive oxygen
species, muscle cell proliferation, cellular
response to chemical stress and response to
oxidative stress” (Figure 3C). KEGG enrichment
analysis revealed that it was highly enriched in
the “IL-17 signaling pathway and Hepatitis B”
(Figure 3B).

Results of construction and validation of prog-
nostic models

In order to obtain the UCEC prognostic model
associated with DR-DEGs, the univariate COX
proportional hazards regression analysis was
performed for 22 DR-DEGs expression and
their clinical data, yielding a total of 6 DR-DEGs
related to UCEC prognosis, as well as drawing
the forest plots (Figure 4A). The hazard ratio
was greater than 1.2, indicating that these
genes were all high-risk genes. Six prognosis-
related DR-DEGs were validated by LASSO-
penalized Cox regression and the results
revealed that these genes showed a stable and
good performance (Figure 4B, 4C). After that,
the multivariate COX proportional hazards
regression analysis was carried out for these
six DR-DEGs, finally obtaining four DR-DEGs
associated with the prognosis, namely PRSS1,
MMP1, ERBB2 and NUF2. Risk scores were cal-
culated for each patient based on the relative
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Figure 1. Flow chart. The workflow of data analysis in this study.
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Figure 2. Drug-related differential genes of endometrial cancer and interactions. A. Volcano plot of 6989 differential-drug genes in endometrial cancer; B. Venny plot
of 22 drug-related differential genes (DR-DEGs); C. Heatmap of 22 DR-DEGs (N: normal group, T: tumor group; red represents high gene expression, blue represents
low gene expression, and the depth of color represents the level of expression); D. The relationship between 22 DR-DEGs (red line is positive correlation, blue line
is negative correlation, and the depth of color represents the strength of the correlation).
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expression levels and risk coefficient of four
prognosis-related DR-DEGs in order to predict
the patient’s prognosis. The final risk score for
each patient is PRSS1's expression value *
0.204891906336637 + MMP1's expression
value * 0.151587628101162 + ERBB2’s ex-
pression value * 0.183491564882044 + NU-
F2’s expression value * 0.22194538428941.
They were then divided into high-risk and low-
risk groups according to the median value
(Figure 4D). PCA analysis and t-SNE test were
also performed (Figure 4E, 4F). The test results
suggest that the high-risk and low-risk patients
were well divided into two groups with signifi-
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cantly different directions. The relationship of
the survival status and time in UCEC patients
was evaluated between the high-risk and low-
risk groups (Figure 4G). We found that the
deaths in the high-risk group were more cen-
tralized than these in the lower-risk group as
risk scores increased. Heat maps were drawn
to show the gene expression profile of UCEC
patients in the high-risk and low-risk groups
(Figure 4H). We discovered that the four prog-
nosis-related DR-DEGs were highly expressed
in the tumor group. They were high-risk genes
and consistent with the results of previous for-
est plots. According to the Kaplan-Meier curve
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(Figure 4l1), the survival rate of the high-risk
group was lower than that of the low-risk group
at different times. P=0.005 and the results
were statistically significant. Finally, the predic-
tive effect of the prognostic model was evalu-
ated by the time-dependent ROC curve (Figure
4J). The results indicated that an one-year area
under curve (AUC) was 0.569, a two-year AUC
was 0.628 and a three-year AUC was 0.653,
indicating that the predictive effect of the prog-
nostic model was good and stable.

Results of immunology and tumor microenvi-
ronment analysis

The CIBERSORT algorithm was used to obtain
the infiltration scores of 22 immune cells in
each tumor patient sample. Figure 5A showed
the distribution of each individual immune cell
in the total number of UCEC patients. Figure 5B
showed the levels of individual immune cells in
each UCEC tumor patient. Figure 5C showed
infiltration scores in the high and low risk
groups, of which the T cells regulatory (Tregs)
and dendritic cells activated infiltration scores
were significantly different. Compared with the
immune cell infiltration scores, most of the
immune checkpoint gene expression levels
were significantly different (Figure 5D), such as
“BTNL2, CD40, VTICN1, CD27 and CD40LG”,
etc. At the same time, the scores of stromal
cells and immune cells and the total scores
were obtained in the tumor microenvironment
in the high-risk and low-risk groups using the
“estimate” package of R software (Figure 5E).
The results showed that the differences in
the scores of stromal cells, immune cells and
the total scores were significant between the
high-risk and low-risk groups. Moreover, the
scores were higher in the low-risk group. At the
same time, the relationships between the
scores of stromal cells, immune cells and the
risk scores were explored (Figure 5F, 5G). We
found that both were negatively correlated with
risk scores.

Results of GSEA pathway for screening and
analysis

Through enrichment analysis of gene sets in
the population of the high-risk and low-risk
groups, 123 pathways were obtained in the
high-risk group and 55 pathways in the low-risk
group. We found that “homologous recombina-
tion” was correlated with UCEC and scores
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more concentrated in the high-risk group after
screening (Figure 5H).

Impacts of luteolin on the motility of PC-3 cells
tested by transwell

After different concentrations of luteolin were
applied to AN3-CA cells for 24 hours, the results
showed that the number of perforated cells in
AN3-CA cells at luteolin concentrations of O
and 10 uM was 114,13 (Figure 6A, 6B).

g-PCR results

Compared with the blank DMEM group, the
expression levels of MMP1 and IL-17 were sig-
nificantly decreased in all experimental groups
treated with luteolin, but there seemed to be
no significant difference between 5-15 pM. In
addition, we also examined the effect of luteo-
lin on VEGF expression in endometrial cancer
cells, and the results showed that VEGF expres-
sion level was significantly reduced after luteo-
lin treatment. With the increase of drug concen-
tration, the expression levels of VEGF tended to
decrease. P<0.05 is considered that the differ-
ence is significant (Figure 6C-E).

Discussion

As one of the most common gynecological can-
cers in developed countries, the incidence of
UCEC has been on the rise in recent years [20].
The situation in developing countries remains
critical. Their ratio of mortality to morbidity is
much higher than that of developed countries
[24]. For early premenopausal UCEC patients, it
is more important to preserve fertility through
non-surgical and other adjuvant treatments
[24]. Therefore, it is necessary to explore the
direction of the new UCEC treatment and to
construct a new prognostic model. Previous
studies have demonstrated the therapeutic
mechanism of capsaicin and puerarin on endo-
metrial cancer, indicating that small drug mol-
ecules have potential research value for UCEC
[22, 23]. As a small molecule TCM drug luteolin
may play an anti-tumor role by inhibiting the
metastasis and generation of tumor cells, etc.
[25]. However, its efficacy on UCEC has not
been deeply studied. In this study, we have
investigated the possibility and potential mech-
anism of luteolin in the treatment of UCEC
through bioinformatics, and established a new
drug-related prognostic model via experimental
validation.
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Figure 4. Construction and validation of a genetic prognostic model. A. Forest plot of 6 DR-DEGs associated with endometrial cancer survival was constructed by
univariate regression analysis; B. Least absolute shrinkage and selection operator (LASSO) of 6 genes analysis coefficient spectrum distribution; C. Cross-validation
of optimal parameter selection in LASSO regression. D. Distribution map of patients in high and low risk groups based on risk score; E. Principal Component Analysis
(PCA) plot based on risk score; F. t-distributed Stochastic Neighbor Embedding (t-SNE) map based on risk score; G. Survival status map of patients in high and low
risk groups (left side of the dotted line, low risk group; right side of the dotted line, high risk group); H. Heatmap of DR-DEGs associated with prognostic features of

the area under the curve (AUC) at 1 year, 3 years, and 5 years is 0.569, 0.628, and 0.653.
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Figure 5. tumor microenvironment (TME) and immune infiltration and Gene Set Enrichment Analysis (GSEA). A. The distribution of each individual immune cell in
the total number of UCEC patients; B. The levels of individual immune cells in each UCEC tumor patient; C. Infiltration scores in the high and low risk groups; D. The
immune checkpoint gene expression level in the high and low risk groups. E. The tumor microenvironment of the high and low risk groups; F, G. Correlation between
immune cell scores and risk scores; H. The “homologous recombination” pathway is more active in the high-risk group.
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