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Abstract 

Endometrial carcinoma is one of the two cancers with rising mortality and morbidity in recent years. In the light 
of many controversies about its treatment, it is urgent to construct a new prognostic model and to find out new 
therapeutic directions. As a small drug molecule widely used in clinical treatment and experimental research in China, 
puerarin has recently been proven to have obvious anti-cancer effects in multiple cancer cells. In this study, bioinfor-
matics analysis and experimental validation were used to explore the potential mechanism of puerarin for endome-
trial carcinoma and construct a prognostic model. A total of 22 drug-related differential genes were found by con-
structing a database of drug targets and disease genes. The protein–protein interaction network was constructed for 
GO and KEGG enrichment analysis to initially explore the potential mechanism of its therapeutic effects. To construct 
the prognostic model, validation was performed by risk regression analysis and LASSO analysis. Finally, two prognostic 
genes—PIM1 and BIRC5 were determined to establish high and low risk groups. Kaplan–Meier analysis displayed a 
higher survival rate in the low-risk group than in the high-risk group. ROC curves indicated the stable and good effect 
in prediction (one-year AUC is 0.626; two-year AUC is 0.620; three-year AUC is 0.623). The interrelationship between 
immunity and its disease was explored by immune infiltration analysis. Finally, the potential effect of puerarin on 
endometrial carcinoma cells was further verified by experiments.
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Introduction
Endometrial carcinoma is the most common tumor in 
female genital tumors, occurring mostly in menopausal 
women aged 60 + on average [1]. According to the Amer-
ican Cancer Association, about 66,570 new endometrial 
carcinoma cases were diagnosed in the United States in 

2021, with 130,000 women who died of endometrial car-
cinoma. Endometrial carcinoma is one of the two cancers 
with rising mortality and morbidity in recent years [2], 
which seriously affects the quality of life and the health 
of patients. Endometrial carcinoma occurrence is associ-
ated with excessive estrogen secretion [3]. Endometrial 
carcinoma is an estrogen-dependent tumor, account-
ing for 80% of newly diagnosed endometrial carcinoma 
cases. The risk of disease increases with the duration of 
estrogen use and remains years after estrogen withdrawal 
[4, 5]. At present, the endometrial carcinoma is mainly 
subject to surgical treatment, such as total hysterec-
tomy, bilateral tubal ovariectomy, paraaortic and pelvic 
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lymphadenectomy. It can also be treated through adju-
vant therapies such as radiotherapy, chemotherapy and 
hormonal therapy [6]. There are still many controversies 
in the treatment of endometrial carcinoma, including the 
evaluation of lymph and the selection of adjuvant treat-
ment. There is relatively little space for treatment options 
for advanced as well as metastatic tumors [7]. Consider-
ing the controversial and limited treatment methods of 
endometrial carcinoma, it is particularly important to 
explore the small molecule drugs for treating endome-
trial cancer, and to establish a new development model to 
accurately and conveniently predict the survival cycle of 
endometrial carcinoma patients.

Studies show that traditional Chinese medicine has an 
overall macro-control effect on disease, and has an obvi-
ous curative effect on disease control and prevention [8]. 
With their potential tumor selectivity and low cytotoxic-
ity, many natural small-molecule substances present in 
TCM have attracted wide attention in the research and 
development of tumor drugs [9]. As a bioactive small 
molecule of isoflavone glycoside extracted from pueraria 
lobata, puerarin has bio-functional activities such as pro-
moting bone formation, protecting cardiomyocytes, pro-
tecting nerve function, anti-inflammatory and alleviating 
pain [10–15]. Puerarin has been widely used in experi-
mental research and clinical treatment. Puerarin injec-
tions made from puerin have been widely used in China 
[16]. More studies have shown that puerarin also shows 
significant anticancer effects in multiple cancer cell lines, 
such as prostate, bladder, colon, breast, and cervical can-
cer [17–21]. However, puerarin has not been intensively 
studied in endometrial carcinoma treatment. In this con-
text, network pharmacology and Bioinformatics Analysis 
were used to to explore the intrinsic mechanism of puer-
arin in the treatment of endometrial carcinoma, establish 
the prognostic model of drug-related differential gene, 
and validate it with cellular experiments.

Materials and methods
Obtain the dataset of drug target genes
First, 55 drug targets related to puerarin pharmaceuti-
cal molecules were searched in TCMSP database (Tra-
ditional Chinese Medicine Systems Pharmacology). The 
uniport database was used to transform and standardize 
Puerarin drug target data to construct a target drug gene 
dataset.

Construct the dataset of disease genes
Gene expression quantification RNA-Seq (SeqFPKM) 
and clinical data of Uterine Corpus Endometrial Car-
cinoma (UCEC) were downloaded from The Cancer 
Genome Atlas (TCGA) website (https:// portal. gdc. can-
cer. gov). Twenty-three normal group samples and 552 

tumor group samples were obtained. Data were extracted 
and standardized using R language (R 4.1.1). Differential 
genes between normal and tumor samples were screened 
using the ‘limma’ R package. Screen parameter setting: 
P < 0.05,PDR < 0.05, ∣LOGFC∣ > 1. Differentially expressed 
genes (DEGs) for endometrial carcinoma were obtained.

Obtain the drug related DEGs (DR‑DEGs) and construct 
a composite network of drug targets
Venny2.0 was used to take the intersection between dif-
ferentially expressed genes and drug target genes. A total 
of 22 DR-DEGs intersection genes related to the differ-
ential expression of drug targets and endometrial car-
cinoma were obtained. Drug disease composite target 
network was constructed by Cytoscape (version 3.7.2), 
and the gene relationship network map was constructed 
using the “igraph”, “reshape2” R package.

Construct and analyze a protein–protein interaction 
network
String database (https:// string- db. org/) was used to con-
struct a drug-differential gene protein–protein inter-
action network. “clusterProfiler” and “org.Hs.eg.db” in 
R package were used to perform GO analysis on drug 
related genes-DEGs, including biological processes, cel-
lular components, and molecular functions. The same 
tools were used to perform KEGG enrichment analysis 
on DR-DEGs.

Establish and verify DR‑DEGs prognostic model
perl-based language (perl 5.28.1) was used to combine 
DR-DEGs expression with the clinical data to remove 
samples with incomplete clinical data and a survival 
time of 0 or negative. To assess the prognostic value of 
drug differential genes, a univariate COX risk regression 
analysis of endometrial carcinoma tumor group data was 
performed using R package ‘survival’, aiming to screen 
out drug differential genes significantly associated with 
survival. To avoid the overfitting problem, a least abso-
lute shrinkage and selection operator (LASSO)-penalized 
cox regression analysis was performed using R package 
“glmnet”. Later, a prognostic model was established by 
multivariate COX risk regression analysis, and two prog-
nosis-related DR-DEGs were finally acquired. Thereafter, 
the risk score was calculated for each patient using the 
formula: Risk score = ∑X λ*coef λ. Wherein, X λ stands 
for the relative expression level of the normalized differ-
ential genes for each drug; coef λ for coefficient. Patients 
in the tumor group were classified into high-risk and 
low-risk groups based on the median risk score. To deter-
mine the role of risk scores in the prognostic model of 
endometrial carcinoma patients, we performed a sepa-
rate analysis of overall survival (OS) between high and 
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low risk groups and genes with prognosis-related drug 
differences, and displayed it with Kaplan–Meier curves. 
In addition, the “Rtsne” package function of R software 
was used for principal component analysis (PCA) and 
t-SNE test. The groups were visualized to explore the dis-
tribution of different groups. R package “survivalROC” 
was used to perform time-dependent receiver operating 
characteristic (ROC) analysis, so as to test the specificity 
and sensitivity of the survival prognostic model.

Functional enrichment analysis and immune infiltration 
analysis of differential genes in high and low risk groups
Differential expression analysis of genes in high and 
low risk groups was performed using the “limma” pack-
age to explore the possible causes of survival differences 
between high and low expression groups. The filter con-
dition provided: |logFC|> 1; Threshold value for FDR 
(BH) after correction P.adj < 0.05. Differential genes 
between the high and low risk groups were obtained. 
Functional analysis of the differential genes was also per-
formed using the “ClueGo” plugin in cytoscape (version 
3.7.2). Through single-sample gene set enrichment analy-
sis (ssGSEA) in R-software “GSVA” package, the infil-
tration scores of 16 immune cells and the activity of 13 
immune-related collaterals were calculated.

Experimental preparation
Ishikawa cells used in the experiment were provided by 
Dr. Zhang Xiaodan. 96well plates, Beyotime cck8 kit, 
fetal bovine serum and dmem were purchased by gibco, 
and 6-well plates were purchased from corning company.

CCK8 assay
Cytotoxicity was determined by using CCK8 assay. After 
centrifugation, log-growing ishikawa endometrial carci-
noma cells were inoculated in 96-well plates, containing 
about 1 × 104 cells per well, with PBS added to the periph-
eral wells to prevent marginal effects. After the cell adhered 
to the wall, the cell supernatant was discarded and Puerarin 
solutions with concentration gradient (0, 10, 25, 50, 75, 100, 
150, 200, 250, 300uM) were added to continue the culture. 
At least 3 multiple wells were set at each concentration, and 
the experiments were repeated 3 times. After 24 h, 10 μL 
of CCK8 solution was added to each hole and cultured at 
5%CO2 and 37 ℃ constant temperature incubator for 1 h. 
It was taken out to immediately measure the absorbance at 
450 nm with an enzyme labeling instrument.

Cell wound scratch assay
Ishikawa endometrial cancer cells were seeded into 
6-well plates at a density of 10^6 cells per well and cul-
tured until the density reached 85%. The floating cells 
were gently cleaned and serum-free medium containing 

0, 50 and 100 uM puerarin was added. Wound area was 
measured 24 h later to assess cell migration.

q‑PCR experiment
Cells were inoculated in a six-well plate to 80% of conflu-
ence. The original medium was replaced with complete 
DMEM containing 0,25uM of Puerarin for intervention. 
According to the instructions of RNA extraction kit of FeJet 
Biotech, RNA was extracted in the six-well plates of blank 
group (cultured in the complete DMEM for 24 h) and drug 
group (complete DMEM containing 25uM Puerarin) in six-
well plates after 24 h. The Genecopoeia reverse transcrip-
tion kit was used for cDNA synthesis under 25℃, 5  min; 
42℃, 15 min; 85℃, 5 min; and 4℃, holding setup program. 
After acquiring cDNA, GapDh was used as an endogenous 
control. The PCR reaction system is as follows: Premix Ex 
Taq (loading dye Mix) 10 μl,, 0.5 μl each in the upstream 
and downstream primers, cDNA 1 μL, ddH2O supple-
mented to the total system 20 μl. Reaction conditions: Pre-
denaturation under 95℃ for 30 s; denaturation under 95℃ 
for 30  s; annealing under 60℃ for 30  s; extension under 
65℃ for 1  min. The reaction was ended after 35 cycles 
under 65℃ with final extension of 5 min for observation. 
The primers for real-time PCR were as follows:

PIM1: forward: GAG AAG GAC CGG ATT TCC GAC; 
reverse: CAG TCC AGG AGC CTA ATG ACG.
BIRC5: forward: GGA GGG GAC GTT GAC CTT C; 
reverse: TTT TGT GGT AAG AGA GCT GACG.
GAPDH was used as reference control. forward: 
GCA CCG TCA AGG CTG AGA AC; reverse: TGG 
TGA AGA CGC CAG TGG A.

Results
Drug‑related differentially expressed genes (DR‑DEGs) 
were obtained
The analysis flow chart is shown in Fig. 1. We obtained a 
total of 55 drug target genes by searching the molecu-
lar targets of puerarin drugs in the TCMSP database and 
transforming and standardizing them with the uniport 
database. In addition, 6989 DEGs were obtained from 23 
normal group samples and 522 tumor group samples genes 
obtained from TCGA website using R software “limma” 
package, and the results are shown in the volcano plot in 
Fig. 2a. The intersection was taken using venny2.0 to obtain 
22 DR-DEGs (Fig. 2b). These RNA expression levels were 
shown in the heat map in Fig. 2c (highly expressed genes 
in red and lowly expressed in green), and an inter-gene 
expression diagram was established (Fig. 2d). Among them, 
13 genes were upregulated in the normal group (VCAM1, 
SELP, AGTR1, LEPR, TIMP2, PRKCA, PLAT, JUN, FOS, 
BCL2, AR, CDKN1B, PIM1) and 9 genes were upregulated 
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Fig. 1 Flow chart. The workflow of data analysis in this study
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in the tumor group (GSTP1, BAX, PGP, MMP9, TNF, CA2, 
CASP3, CHEK2, BIRC5). The interaction between drug 
small molecules and DR-DEGs targets was visualized by 
cytoscape (version3.7.2) software, and the drug target—dis-
ease interaction network was constructed (Fig. 2e).

Protein–protein interaction network and enrichment 
analysis
To observe the relationship between 22 DR-DEGs target 
proteins, we constructed the target protein–protein inter-
action network through STRING data. One gene with no 
interaction with the other target proteins was rejected, and 
the other 21 target proteins were all correlated (Fig.  3a). 
The four genes MMP9, TNF, CASP3 and JUN had the 
most connections in the protein interaction diagram, and 
had the closest relationship with other proteins. To explore 
the potential signaling pathways in 22 DR-DEGs, we per-
formed a GO and KEGG enrichment analysis. GO enrich-
ment analysis indicated that (Fig.  3b) DR-DEGs were 
enriched in “response to lipopolysaccharide, response to 
molecule of bacterial origin, positive regulation of myeloid 
leukocyte differentiation, response to metal ion, response 
to reactive oxygen species”. KEGG enrichment analysis 
expressed that DR-DEGs were enriched in “Apoptosis, 
Endocrine resistance and TNF signaling pathway” (Fig. 3c).

The prognostic model was established and validated
To establish a prognostic model associated with endome-
trial carcinoma, we performed a univariate COX analysis 
on the expression levels of 22 DR-DEGs and their clinical 
data. The analysis suggested four genes associated with sur-
vival in endometrial cancer (Fig. 4a). LASSO COX regres-
sion analysis of these four DR-DEGs showed that these 
genes performed stable and well (Fig. 4b and c). To find the 
optimal results, the four DR-DEGs were analyzed by mul-
tivariate COX regression that resulted in two genes associ-
ated with endometrial carcinoma—PIM1 and BIRC5.

The risk score was calculated for each patient, based 
on mRNA expression levels and the risk coefficients 
of the two DR-DEGs. Patients above the median score 
were divided into high-risk groups based on the median 
risk score, or otherwise into low-risk groups to predict 
the prognosis of patients with endometrial carcinoma 
(Fig.  5a). With PCA-analysis and t-SNE test (Fig.  6a-b), 
the patients with different risks were well divided into 
two groups, and the distribution direction of the patients 

in the high and low risk group was significantly different. 
The mortality rate in the high-risk group was higher than 
that in the low-risk group, and the survival rate was lower 
than that in the low-risk group (Fig. 5b). The heat map of 
gene expression of two DR-DEGs in high-risk and low-risk 
groups was constructed (Fig. 5c). The results showed that 
the expression of PIM1 and BIRC5 in high-risk group was 
higher than that in low-risk group, proving that they were 
risk genes. Kaplan–Meier analysis showed that survival 
was higher in the low-risk groups at different times than 
in the high-risk groups (Fig.  6c). Time-dependent ROC 
curves were used to assess the prediction effect of the 
prognostic model (Fig. 6d). The results indicated one-year 
AUC of 0.626, two-year AUC of 0.620 and three-year AUC 
of 0.623, suggesting the stable and good prediction effect 
of the prognostic model.

Functional analysis
Functional analysis of differentially expressed genes 
in high-risk and low-risk groups was performed using 
ClueGO plug-in in Cytoscape software (3.7.2). The 
results of functional analysis referred to Fig. 7c.

Immune cell and immune function analysis
Based on the classification of high and low risk groups, 
we conducted a single-sample gene enrichment analy-
sis (ssGSEA), and obtained the enrichment scores for 
16 immune cell infiltration and the related activity of 13 
immune pathways (Fig.  7a-b). Significant different scores 
were found in the enrichment analysis of most immune cells 
(e. g., aDCs, iDCs, Neutrophils, etc.), where iDCs and Neu-
trophils were less infiltrated in the high-risk group and aDCs 
were less infiltrated in the low-risk group. At the same time, 
the differences in immune pathways (HLA, Type_I_IFN_
Reponse, Type_II_IFN_Reponse) were more significant in 
the high and low risk groups. The high risk group obtained 
a higher score in Type_I_IFN_Reponse pathway and a lower 
score in Type_II_IFN_Reponse and HLA pathway.

CCK8 Results
To clarify the toxic effects of puerarin on ishikawa, the 
effects on cells at different concentrations were exam-
ined. As shown, puerarin had an insignificant effect on 
the survival of ishikawa endometrial carcinoma cells. 
At experimental concentrations, puerarin significantly 

(See figure on next page.)
Fig. 2 Drug-related differential genes of endometrial cancer and their interactions. a Volcano plot of 6989 differentially-drug genes in endometrial 
cancer; b Venny plot of 22 drug-related differential genes (DR-DEGs); c Heatmap of 22 DR-DEGs (N represents normal group, T represents 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); e Disease- target-drug network diagram (red indicates gene up-regulation, green indicates gene down-regulation, and color depth 
represents the degree of regulation)
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Fig. 2 (See legend on previous page.)
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impaired ishikawa cytotoxicity in endometrial carcinoma 
cells(Fig. 8a).

Cell wound scratch assay results
In different concentrations of puerarin (0, 50, 100 uM), 
the wound healing rate showed a negative correlation 
with drug concentration (Fig. 8b).

q ‑PCR result
To further confirm these results, we compared the expres-
sion of PIM1 and BIRC5 genes in the control and drug 
groups by q-PCR, and the mRNA levels of both PIM1 and 
BIRC5 were significantly reduced in 25uM puerarin com-
pared to the control endometrial cancer cells. (Fig. 8c).

a b

c

Fig. 3 PPI Protein–protein interaction networks and GO, KEGG enrichment analysis. a PPI Protein–protein interaction networks; b GO enrichment 
analysis diagram of 22 DRG -DEGs; c KEGG enrichment of 22 DRG -DEGs Analysis chart
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Discussion
Endometrial carcinoma is a common tumor in the female 
reproductive system with rising incidence and mortal-
ity rate in recent years, making it become an important 
factor affecting women’s health [22]. Apart from much 
progress made in the biological mechanistic studies of 
endometrial carcinoma, there are still many controver-
sies in the treatment of endometrial carcinoma, includ-
ing the evaluation of lymph node excision and the choice 
of adjuvant treatment or chemotherapy [23]. Therefore, 

it is particularly important to explore new drug small 
molecules for treating endometrial carcinoma and to 
establish new differential gene prognostic models. As a 
small Chinese medicine molecule extracted from puer-
aria lobata, puerarin has been widely used in clinical 
treatment with its anti-cancer effect [24]. Whether it can 
be applied in the treatment of endometrial carcinoma 
has not been well studied. In view of this, we explored 
the pathway and potential mechanisms of treating endo-
metrial carcinoma with bioinformatics technology, 

a

c

b

Fig. 4 Selection of DR-DEGs associated with endometrial cancer prognosis by regression analysis. a Forest plot of 4 DR-DEGs associated with 
endometrial cancer survival was constructed by univariate regression analysis; b LASSO of 4 genes Analysis coefficient spectrum distribution; c 
Cross-validation of optimal parameter selection in LASSO regression
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verified it with experiments, and constructed a prognos-
tic model.

To explore the potential mechanisms of puerarin in 
the treatment of endometrial carcinoma, we performed 
a GO and KEGG enrichment analysis on its disease 
drug targets. GO enrichment analysis suggested that it 
was significantly enriched in the “response to LPS” and 
“response to bacterial molecular sources”. Cytowall pep-
tides, as a known component of peptidoglycan, can par-
ticipate in hematopoietic processes and stimulate the 
production of colony-stimulating factors for the treat-
ment of tumor cells [25]. At the same time, LPS functions 
as a major component of the cell wall of Gram-negative 
bacteria, which can be recognized by TLR-4 and alter the 
immune response in different cancer patients [26, 27]. 
Interestingly, TLR-4 is also present in endometrial den-
dritic cells, monocytes, and macrophages [28]. Therefore, 
it is assumed that puerarin may regulate the immune 
response of immune cells in the endometrium through 

“LPS” and “bacterial molecule” pathways for the treat-
ment of endometrial carcinoma.

KEGG enrichment analysis reveals that Interleukin-
17(IL-17) signaling pathway is one of its important 
pathways. Many studies have shown that IL-17, as an 
important cytokine for promoting cell growth, can pro-
mote tumor formation by maintaining the inflammatory 
microenvironment [29]. Wang et  al. discovered that by 
studying IL-17 knockout mice, IL-17 disruption reduced 
tumorigenesis, which may be associated to STAT3 activa-
tion in the tumor microenvironment [30]. Alternatively, 
IL-17 can also upregulate the expression of multiple pro-
vascular growth factors to lead to the generation of new 
blood vessels and maintain and promote tumor growth 
[30, 31]. We therefore hypothesized that IL-17 may be 
closely related to endometrial carcinoma formation by 
regulating chemokines and cytokines in gynecological 
tumors. The regulation of IL-17 signaling pathway may 
be a potential mechanism for puerarin in the treatment 
of endometrial carcinoma [32]. Studies have shown 

a b

c

Fig. 5 Characteristics of prognostic genes. a Distribution map of patients in high and low risk groups based on risk score; b 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); c Heatmap of DR-DEGs 
associated with prognostic features of endometrial cancer
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that the glucose uptake and glycolysis of glucose were 
increased through MAPK pathway, thereby promoting 
the proliferation of endometrial carcinoma cells [33]. Bai 
et al. concluded that ERK1/2, as one of MAPK pathway 
kinases, is highly expressed in cervical cancer tissues. The 
development of cervical cancer cells can be promoted by 
the modulation of c-FOS and cJUN proteins. After using 
ERK1/2 inhibitor, the growth of cervical cancer cells 
was significantly inhibited and the apoptosis of cells was 
accelerated [34]. In addition, estrogen can also promote 
the development of endometrial carcinoma cells by acti-
vating MAPK pathway [35–37]. Interestingly, it is found 
that puerarin could inhibit MAPK through reviewing the 

literature. For example, puerarin can improve cyanin-
induced chronic pancreatitis by inhibiting MAPK sign-
aling, as concluded by Zeng et al. [38] As discovered by 
XIAO, et  al., through inhibiting TRAF6/ ros-dependent 
MAPK/NF-κB signaling pathway, puerarin can inhibit 
the formation of osteoclasts and reduce osteocast-asso-
ciated bone mass loss in mice with oophorectomy (OVX) 
-induced osteoporosis [39]. Alternatively, puerarin can 
also inhibit the fine particulate matter-induced prolifera-
tion of vascular smooth muscle cells by inhibiting MAPK 
signaling pathway [40]. We therefore hypothesized that 
MAPK signaling promotes the appreciation of endo-
metrial carcinoma cells by increasing glucose uptake, 

a b

c d

Fig. 6 Prognostic Analysis of the Characteristic Model of DR-DEGs. a PCA plot based on risk score; b t-SNE map based on risk score; c Kaplan–Meier 
analysis curve of prognosis related to high and low risk groups; d Time-dependent ROC curve, the area under the curve (AUC) at 1 year, 3 years, and 
5 years is 0.626, 0.620, 0.623
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regulation of c-FOS and cJUN proteins, and being acti-
vated by estrogen. Puerarin restricts the development of 
endometrial carcinoma in a way that suppresses MAPK 
pathway, which is a potential mechanism to resist against 
the proliferation of endometrial carcinoma cells.

Using multivariate COX regression analysis, two genes 
associated with endometrial carcinoma prognosis—
PIM1 and BIRC5 were obtained, both of which were 
high-risk genes. Pro-viral integration site for Moloney 
murine leukemia virus1 (PIM1) is a serine-coded / argi-
nine-coded proto-oncogene [41, 42]. PIM1 gene is con-
sidered to be the causative genes for epithelial origin 
cancer line diseases such as prostate and breast cancer as 
well as hematological tumors such as diffuse large B-cell 
lymphoma [43–45], which is closely related to the risk 

of cancer occurrence. It is reported that PIM1 expres-
sion is closely related to lymph node metastasis and poor 
prognosis in lung adenocarcinoma and squamous cell 
carcinoma patients [46]. We regard it as a high-risk gene 
associated with the abnormal overexpression and prog-
nosis in endometrial carcinoma cells. baculoviral IAP 
repeat contains5 (BIRC5), as the apoptosis inhibitor, may 
prevent the cell apoptosis through encoding “negative 
regulatory proteins”. The expression of BIRC5 increased 
sequentially from proliferative endometrium to endome-
trial hyperplasia to endometrioid adenocarcinoma [47]. It 
was found that BIRC5 acts to promote endometrial carci-
noma progression and is overexpressed in both endome-
trial carcinoma and endometrial carcinoma cell lines [48, 
49]. Overexpression of BIRC5 in endometrial carcinoma 

a b

c

Fig. 7 Comparison of immune infiltration analysis and functional analysis of differentially expressed genes between high and low risk groups. a 
Score map of 16 immune cell infiltration enrichment analysis in high and low risk groups; b Score map of 13 immune pathways related activity in 
high and low risk groups; c Analysis map of differential gene function between high and low risk groups
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c

Fig. 8 Experimental verification. a CCk8 cytotoxicity test; b Wound Healing Assay; c q-PCR
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is an independent prognostic factor, as found by Zhao 
et  al [50]. This was also demonstrated by the study of 
Chuwa et  al. It was also found that BIRC5 knockout in 
endometrial carcinoma cells could promote cell apopto-
sis. This demonstrates that BIRC5, besides serving as an 
independent prognostic factor, may also serve as a new 
treatment target for endometrial carcinoma [51].

ssGSEA was used to analyze the enrichment scores 
of the 16 immune cell infiltrates obtained and the asso-
ciated activity of the 13 immune pathways. Dendritic 
cells (DCs), as specialized antigen-presenting cells, are 
responsible for the activation of specific T-cells and 
immune tolerance [52]. iDcs are immature dendritic cells 
that are mainly found in peripheral tissues. We found 
that iDCs scored lower in the high-risk group. Hasumi 
K et  al. found that patients with advanced cancer were 
alleviated by injecting iDCs [53]. Therefore, we speculate 
that iDCs are positively associated with patient survival, 
and their low expression in high-risk groups may affect 
antigen presentation and T-cell activation in the tissues 
of endometrial carcinoma patients, thus affecting patient 
survival. Human leukocyte antigen (HLA) is associated 
with the presentation of the neoantigen and critical steps 
in the cytolytic T-cell response. Downregulation of HLA 
genes may also lead to reduced antigen presentation and 
immune evasion [54]. Downregulation of HLA is preva-
lent in a range of cancers and is closely related to its poor 
prognosis [55–57]. We therefore speculate that HLA is 
positively associated with tumor prognosis risk preven-
tion. The activity analysis results of our immune pathway 
are consistent with our speculation that HLA scored low 
in the high-risk group and the difference was statistically 
significant.

It was experimentally verified that puerarin, in the 
experimental dose, did not show a significant toxic effect 
on the cells, for which we selected the experimental drug 
concentration under IC30 (0, 50, 100UM). The results of 
the wound healing experiments concluded that the cell 
migration ability of puerarin to endometrial carcinoma 
cell line Ishikawa appeared with increasing concentra-
tion. It is therefore reasonable to conclude that puerarin 
inhibition of cell migration capacity in endometrial car-
cinoma is not accomplished by prompting its cell death. 
This coincides to the response to lipopolysaccharide [58] 
in go analysis, EGFR tyrosine kinase inhibitor resistance 
[59–61] and MAPK signaling pathway in kegg analy-
sis [62], which has been reported in the articles on the 
migratory ability of tumor cells.

Acknowledgements
Thanks to everyone who contributed to this article.

Declaration of Helsinki
 The study has been granted an exemption from requiring ethics approval 
because the TCGA database is publicly available.All authors read and approved 
the final manuscript.

Copyright permission of KEGG
We have contacted Kanehisa Laboratories. We do not directly use these KEGG 
Pathway map “images” in the article, we need not obtain copyright permission 
of KEGG. However, they believe that we have written our article using their 
data, they kindly ask us to cite the following articles in it [63–65]

Authors’ contributions
ZH L and XH S conceived and designed the study; ZH L and WJ J searched the 
related articles; ZH L, XH S, WJ J and Y W analyzed the data; ZH L, WJ J and Y 
W wrote the manuscript. JD Z supervised the whole process. All authors read 
and approved the final manuscript.

Funding
None.

Availability of data and materials
The data for this study come from The Cancer Genome Atlas (TCGA) database 
(https:// portal. gdc. cancer. gov/). All the data in this paper support the results 
of this study.

Declarations

Ethics approval and consent to participate
The study protocols were performed according to Declaration of Helsinki.

Conflict of interest
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Author details
1 Shandong University of Traditional Chinese Medicine, Jinan 250014, Shan-
dong, China. 2 Shandong University Cheeloo College of Medicine Laboratory 
of Basic Medical Sciences, Jinan 250014, Shandong, China. 

Received: 11 February 2022   Accepted: 12 May 2022

References
 1. Paleari L, Pesce S, Rutigliani M, et al. New insights into endometrial can-

cer. Cancers (Basel). 2021;13(7):1496. https:// doi. org/ 10. 3390/ cance rs130 
71496 Published 2021 Mar 24.

 2. American Cancer Society. Cancer Statistics for USA. 2021. Available 
online: https:// www. cancer. org/ cancer/ endom etrial- cancer/ about/ 
key- stati stics. html.

 3. Onstad MA, Schmandt RE, Lu KH. Addressing the role of obesity in 
endometrial cancer risk, prevention, and treatment. J Clin Oncol. 
2016;34(35):4225–30. https:// doi. org/ 10. 1200/ JCO. 2016. 69. 4638.

 4. Grady D, Gebretsadik T, Kerlikowske K, Ernster V, Petitti D. Hormone 
replacement therapy and endometrial cancer risk: a meta-analysis. Obstet 
Gynecol. 1995;85(2):304–13. https:// doi. org/ 10. 1016/ 0029- 7844(94) 
00383-O.

 5. Setiawan VW, Yang HP, Pike MC, et al. Type I and II endometrial cancers: 
have they different risk factors? J Clin Oncol. 2013;31(20):2607–18. https:// 
doi. org/ 10. 1200/ JCO. 2012. 48. 2596.

 6. Braun MM, Overbeek-Wager EA, Grumbo RJ. Diagnosis and management 
of endometrial cancer. Am Fam Physician. 2016;93(6):468–74.

 7. van den Heerik ASVM, Horeweg N, de Boer SM, Bosse T, Creutzberg CL. 
Adjuvant therapy for endometrial cancer in the era of molecular clas-
sification: radiotherapy, chemoradiation and novel targets for therapy. 
Int J Gynecol Cancer. 2021;31(4):594–604. https:// doi. org/ 10. 1136/ 
ijgc- 2020- 001822.

https://portal.gdc.cancer.gov/
https://doi.org/10.3390/cancers13071496
https://doi.org/10.3390/cancers13071496
https://www.cancer.org/cancer/endometrial-cancer/about/key-statistics.html
https://www.cancer.org/cancer/endometrial-cancer/about/key-statistics.html
https://doi.org/10.1200/JCO.2016.69.4638
https://doi.org/10.1016/0029-7844(94)00383-O
https://doi.org/10.1016/0029-7844(94)00383-O
https://doi.org/10.1200/JCO.2012.48.2596
https://doi.org/10.1200/JCO.2012.48.2596
https://doi.org/10.1136/ijgc-2020-001822
https://doi.org/10.1136/ijgc-2020-001822


Page 14 of 15Lin et al. BMC Complementary Medicine and Therapies          (2022) 22:150 

 8. Tang JL, Liu BY, Ma KW. Traditional Chinese medicine. Lancet. 
2008;372(9654):1938–40. https:// doi. org/ 10. 1016/ S0140- 6736(08) 
61354-9.

 9. Zhang X, Chen LX, Ouyang L, Cheng Y, Liu B. Plant natural compounds: 
targeting pathways of autophagy as anti-cancer therapeutic agents. 
Cell Prolif. 2012;45(5):466–76. https:// doi. org/ 10. 1111/j. 1365- 2184. 2012. 
00833.x.

 10. Zhang Z, Lam TN, Zuo Z. Radix Puerariae: an overview of its chemistry, 
pharmacology, pharmacokinetics, and clinical use. J Clin Pharmacol. 
2013;53(8):787–811. https:// doi. org/ 10. 1002/ jcph. 96.

 11. Wong R, Rabie B. Effect of puerarin on bone formation. Osteoarthritis 
Cartilage. 2007;15(8):894–9. https:// doi. org/ 10. 1016/j. joca. 2007. 02. 009.

 12. Li X, Yuan T, Chen D, et al. Cardioprotective effects of puerarin-v on 
isoproterenol-induced myocardial infarction mice is associated with 
regulation of PPAR-Υ/NF-κB pathway. Molecules. 2018;23(12):3322. 
https:// doi. org/ 10. 3390/ molec ules2 31233 22 Published 2018 Dec 14.

 13. Zhao Y, Zhao J, Zhang X, et al. Botanical drug puerarin promotes 
neuronal survival and neurite outgrowth against MPTP/MPP+-induced 
toxicity via progesterone receptor signaling. Oxid Med Cell Longev. 
2020;2020:7635291. https:// doi. org/ 10. 1155/ 2020/ 76352 91 Published 
2020 Oct 17.

 14. Wu M, Zhang Q, Yi D, et al. Quantitative proteomic analysis reveals 
antiviral and anti-inflammatory effects of puerarin in piglets infected with 
porcine epidemic diarrhea virus. Front Immunol. 2020;11:169. https:// doi. 
org/ 10. 3389/ fimmu. 2020. 00169 Published 2020 Feb 26.

 15. Zhang XL, Cao XY, Lai RC, Xie MX, Zeng WA. Puerarin relieves paclitaxel-
induced neuropathic pain: the role of Nav1.8 β1 subunit of sensory 
neurons. Front Pharmacol. 2019;9:1510. https:// doi. org/ 10. 3389/ fphar. 
2018. 01510 Published 2019 Jan 7.

 16. Zheng QH, Li XL, Mei ZG, et al. Efficacy and safety of puerarin injection in 
curing acute ischemic stroke: a meta-analysis of randomized controlled 
trials. Medicine (Baltimore). 2017;96(1):e5803. https:// doi. org/ 10. 1097/ MD. 
00000 00000 005803.

 17. Li J, Xiong C, Xu P, Luo Q, Zhang R. Puerarin induces apoptosis in prostate 
cancer cells via inactivation of the Keap1/Nrf2/ARE signaling pathway. 
Bioengineered. 2021;12(1):402–13. https:// doi. org/ 10. 1080/ 21655 979. 
2020. 18687 33.

 18. Ye G, Kan S, Chen J, Lu X. Puerarin in inducing apoptosis of blad-
der cancer cells through inhibiting SIRT1/p53 pathway. Oncol Lett. 
2019;17(1):195–200. https:// doi. org/ 10. 3892/ ol. 2018. 9600.

 19. Zhang XL, Wang BB, Mo JS. Puerarin 6″-O-xyloside possesses significant 
antitumor activities on colon cancer through inducing apoptosis. Oncol 
Lett. 2018;16(5):5557–64. https:// doi. org/ 10. 3892/ ol. 2018. 9364.

 20. Li Z, Xu W, Ren X, Xu J, Chen J. Puerarin promotes DUSP1 expression by 
regulating miR-133a-3p in breast cancer. Mol Med Rep. 2019;19(1):205–
12. https:// doi. org/ 10. 3892/ mmr. 2018. 9682.

 21. Jia L, Hu Y, Yang G, Li P. Puerarin suppresses cell growth and migration in 
HPV-positive cervical cancer cells by inhibiting the PI3K/mTOR signaling 
pathway. Exp Ther Med. 2019;18(1):543–9. https:// doi. org/ 10. 3892/ etm. 
2019. 7589.

 22. Urick ME, Bell DW. Clinical actionability of molecular targets in endome-
trial cancer. Nat Rev Cancer. 2019;19(9):510–21. https:// doi. org/ 10. 1038/ 
s41568- 019- 0177-x.

 23. Brooks RA, Fleming GF, Lastra RR, et al. Current recommenda-
tions and recent progress in endometrial cancer. CA Cancer J Clin. 
2019;69(4):258–79. https:// doi. org/ 10. 3322/ caac. 21561.

 24. Ahmad B, Khan S, Liu Y, et al. Molecular mechanisms of anticancer 
activities of puerarin. Cancer Manag Res. 2020;12:79–90. https:// doi. 
org/ 10. 2147/ CMAR. S2335 67 Published 2020 Jan 8.

 25. Guryanova SV, Khaitov RM. Strategies for using muramyl peptides - 
modulators of innate immunity of bacterial origin - in medicine. Front 
Immunol. 2021;12:607178. https:// doi. org/ 10. 3389/ fimmu. 2021. 607178 
Published 2021 Apr 20.

 26. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and can-
cer. Cell. 2010;140(6):883–99. https:// doi. org/ 10. 1016/j. cell. 2010. 01. 025.

 27. Kaisho T, Akira S. Toll-like receptor function and signaling. J Allergy Clin 
Immunol. 2006;117(5):979–88. https:// doi. org/ 10. 1016/j. jaci. 2006. 02. 
023.

 28. Allhorn S, Böing C, Koch AA, Kimmig R, Gashaw I. TLR3 and TLR4 
expression in healthy and diseased human endometrium. Reprod 

Biol Endocrinol. 2008;6:40. https:// doi. org/ 10. 1186/ 1477- 7827-6- 40 
Published 2008 Sep 7.

 29. Alshaker HA, Matalka KZ. IFN-γ, IL-17 and TGF-β involvement in shap-
ing the tumor microenvironment: the significance of modulating 
such cytokines in treating malignant solid tumors. Cancer Cell Int. 
2011;11:33. https:// doi. org/ 10. 1186/ 1475- 2867- 11- 33 Published 2011 
Sep 23.

 30. Wang L, Yi T, Kortylewski M, Pardoll DM, Zeng D, Yu H. IL-17 can promote 
tumor growth through an IL-6-Stat3 signaling pathway. J Exp Med. 
2009;206(7):1457–64. https:// doi. org/ 10. 1084/ jem. 20090 207.

 31. Takahashi H, Numasaki M, Lotze MT, Sasaki H. Interleukin-17 enhances 
bFGF-, HGF- and VEGF-induced growth of vascular endothelial cells. Immu-
nol Lett. 2005;98(2):189–93. https:// doi. org/ 10. 1016/j. imlet. 2004. 11. 012.

 32. Gaundar SS, Bendall LJ. The potential and limitations of p38MAPK as a 
drug target for the treatment of hematological malignancies. Curr Drug 
Targets. 2010;11(7):823–33. https:// doi. org/ 10. 2174/ 13894 50107 91320 
854.

 33. Han J, Zhang L, Guo H, et al. Glucose promotes cell proliferation, glucose 
uptake and invasion in endometrial cancer cells via AMPK/mTOR/S6 and 
MAPK signaling. Gynecol Oncol. 2015;138(3):668–75. https:// doi. org/ 10. 
1016/j. ygyno. 2015. 06. 036.

 34. Bai L, Mao R, Wang J, et al. ERK1/2 promoted proliferation and inhibited 
apoptosis of human cervical cancer cells and regulated the expression 
of c-Fos and c-Jun proteins. Med Oncol. 2015;32(3):57. https:// doi. org/ 10. 
1007/ s12032- 015- 0490-5.

 35. Liu A, Zhang D, Yang X, Song Y. Estrogen receptor alpha activates MAPK 
signaling pathway to promote the development of endometrial cancer. 
J Cell Biochem. 2019;120(10):17593–601. https:// doi. org/ 10. 1002/ jcb. 
29027.

 36. Tian W, Teng F, Gao J, et al. Estrogen and insulin synergistically promote 
endometrial cancer progression via crosstalk between their receptor 
signaling pathways. Cancer Biol Med. 2019;16(1):55–70. https:// doi. org/ 
10. 20892/j. issn. 2095- 3941. 2018. 0157.

 37. Zhang Z, Zhou D, Lai Y, et al. Estrogen induces endometrial cancer 
cell proliferation and invasion by regulating the fat mass and obesity-
associated gene via PI3K/AKT and MAPK signaling pathways. Cancer Lett. 
2012;319(1):89–97. https:// doi. org/ 10. 1016/j. canlet. 2011. 12. 033.

 38. Zeng XP, Zeng JH, Lin X, et al. Puerarin ameliorates caerulein-induced 
chronic pancreatitis via inhibition of MAPK signaling pathway. Front 
Pharmacol. 2021;12:686992. https:// doi. org/ 10. 3389/ fphar. 2021. 686992 
Published 2021 Jun 2.

 39. Xiao L, Zhong M, Huang Y, et al. Puerarin alleviates osteoporosis in the 
ovariectomy-induced mice by suppressing osteoclastogenesis via inhibi-
tion of TRAF6/ROS-dependent MAPK/NF-κB signaling pathways. Aging 
(Albany NY). 2020;12(21):21706–29. https:// doi. org/ 10. 18632/ aging. 
103976.

 40. Wan Q, Liu Z, Yang Y. Puerarin inhibits vascular smooth muscle cells pro-
liferation induced by fine particulate matter via suppressing of the p38 
MAPK signaling pathway. BMC Complement Altern Med. 2018;18(1):146. 
https:// doi. org/ 10. 1186/ s12906- 018- 2206-9.

 41. Nawijn MC, Alendar A, Berns A. For better or for worse: the role of Pim 
oncogenes in tumorigenesis. Nat Rev Cancer. 2011;11(1):23–34. https:// 
doi. org/ 10. 1038/ nrc29 86.

 42. Narlik-Grassow M, Blanco-Aparicio C, Carnero A. The PIM family of serine/
threonine kinases in cancer. Med Res Rev. 2014;34(1):136–59. https:// doi. 
org/ 10. 1002/ med. 21284.

 43. Wang J, Kim J, Roh M, et al. Pim1 kinase synergizes with c-MYC to induce 
advanced prostate carcinoma. Oncogene. 2010;29(17):2477–87. https:// 
doi. org/ 10. 1038/ onc. 2010. 10.

 44. Brasó-Maristany F, Filosto S, Catchpole S, et al. PIM1 kinase regulates cell 
death, tumor growth and chemotherapy response in triple-negative 
breast cancer [published correction appears in Nat Med. 2017 Apr 7;23 
(4):526] [published correction appears in Nat Med. 2017 Jun 6;23 (6):788]. 
Nat Med. 2016;22(11):1303–1313. doi:https:// doi. org/ 10. 1038/ nm. 4198

 45. Brault L, Menter T, Obermann EC, et al. PIM kinases are progression mark-
ers and emerging therapeutic targets in diffuse large B-cell lymphoma. Br 
J Cancer. 2012;107(3):491–500. https:// doi. org/ 10. 1038/ bjc. 2012. 272.

 46. Jiang R, Wang X, Jin Z, Li K. Association of nuclear PIM1 expression with 
lymph node metastasis and poor prognosis in patients with lung adeno-
carcinoma and squamous cell carcinoma. J Cancer. 2016;7(3):324–34. 
https:// doi. org/ 10. 7150/ jca. 13422 Published 2016 Jan 10.

https://doi.org/10.1016/S0140-6736(08)61354-9
https://doi.org/10.1016/S0140-6736(08)61354-9
https://doi.org/10.1111/j.1365-2184.2012.00833.x
https://doi.org/10.1111/j.1365-2184.2012.00833.x
https://doi.org/10.1002/jcph.96
https://doi.org/10.1016/j.joca.2007.02.009
https://doi.org/10.3390/molecules23123322
https://doi.org/10.1155/2020/7635291
https://doi.org/10.3389/fimmu.2020.00169
https://doi.org/10.3389/fimmu.2020.00169
https://doi.org/10.3389/fphar.2018.01510
https://doi.org/10.3389/fphar.2018.01510
https://doi.org/10.1097/MD.0000000000005803
https://doi.org/10.1097/MD.0000000000005803
https://doi.org/10.1080/21655979.2020.1868733
https://doi.org/10.1080/21655979.2020.1868733
https://doi.org/10.3892/ol.2018.9600
https://doi.org/10.3892/ol.2018.9364
https://doi.org/10.3892/mmr.2018.9682
https://doi.org/10.3892/etm.2019.7589
https://doi.org/10.3892/etm.2019.7589
https://doi.org/10.1038/s41568-019-0177-x
https://doi.org/10.1038/s41568-019-0177-x
https://doi.org/10.3322/caac.21561
https://doi.org/10.2147/CMAR.S233567
https://doi.org/10.2147/CMAR.S233567
https://doi.org/10.3389/fimmu.2021.607178
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1016/j.jaci.2006.02.023
https://doi.org/10.1016/j.jaci.2006.02.023
https://doi.org/10.1186/1477-7827-6-40
https://doi.org/10.1186/1475-2867-11-33
https://doi.org/10.1084/jem.20090207
https://doi.org/10.1016/j.imlet.2004.11.012
https://doi.org/10.2174/138945010791320854
https://doi.org/10.2174/138945010791320854
https://doi.org/10.1016/j.ygyno.2015.06.036
https://doi.org/10.1016/j.ygyno.2015.06.036
https://doi.org/10.1007/s12032-015-0490-5
https://doi.org/10.1007/s12032-015-0490-5
https://doi.org/10.1002/jcb.29027
https://doi.org/10.1002/jcb.29027
https://doi.org/10.20892/j.issn.2095-3941.2018.0157
https://doi.org/10.20892/j.issn.2095-3941.2018.0157
https://doi.org/10.1016/j.canlet.2011.12.033
https://doi.org/10.3389/fphar.2021.686992
https://doi.org/10.18632/aging.103976
https://doi.org/10.18632/aging.103976
https://doi.org/10.1186/s12906-018-2206-9
https://doi.org/10.1038/nrc2986
https://doi.org/10.1038/nrc2986
https://doi.org/10.1002/med.21284
https://doi.org/10.1002/med.21284
https://doi.org/10.1038/onc.2010.10
https://doi.org/10.1038/onc.2010.10
https://doi.org/10.1038/nm.4198
https://doi.org/10.1038/bjc.2012.272
https://doi.org/10.7150/jca.13422


Page 15 of 15Lin et al. BMC Complementary Medicine and Therapies          (2022) 22:150  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 47. Erkanli S, Kayaselcuk F, Kuscu E, et al. Expression of survivin, PTEN and p27 
in normal, hyperplastic, and carcinomatous endometrium. Int J Gynecol 
Cancer. 2006;16(3):1412–8. https:// doi. org/ 10. 1111/j. 1525- 1438. 2006. 
00541.x.

 48. Pallares J, Martínez-Guitarte JL, Dolcet X, et al. Survivin expression in 
endometrial carcinoma: a tissue microarray study with correlation with 
PTEN and STAT-3. Int J Gynecol Pathol. 2005;24(3):247–53. https:// doi. org/ 
10. 1097/ 01. pgp. 00001 63849. 37129. d4.

 49. Nabilsi NH, Broaddus RR, Loose DS. DNA methylation inhibits p53-medi-
ated survivin repression. Oncogene. 2009;28(19):2046–50. https:// doi. org/ 
10. 1038/ onc. 2009. 62.

 50. Zhang J, Wang Z, Zhao R, et al. An integrated autophagy-related gene 
signature predicts prognosis in human endometrial cancer. BMC Cancer. 
2020;20(1):1030. https:// doi. org/ 10. 1186/ s12885- 020- 07535-4 Published 
2020 Oct 27.

 51. Chuwa AH, Sone K, Oda K, et al. Significance of survivin as a prognostic 
factor and a therapeutic target in endometrial cancer. Gynecol Oncol. 
2016;141(3):564–9. https:// doi. org/ 10. 1016/j. ygyno. 2016. 04. 003.

 52. Tiberio L, Del Prete A, Schioppa T, Sozio F, Bosisio D, Sozzani S. Chemokine 
and chemotactic signals in dendritic cell migration. Cell Mol Immunol. 
2018;15(4):346–52. https:// doi. org/ 10. 1038/ s41423- 018- 0005-3.

 53. Hasumi K, Aoki Y, Wantanabe R, Mann DL. Clinical response of advanced 
cancer patients to cellular immunotherapy and intensity-modulated 
radiation therapy. Oncoimmunology. 2013;2(10):e26381. https:// doi. org/ 
10. 4161/ onci. 26381.

 54. McGranahan N, Rosenthal R, Hiley CT, et al. Allele-specific HLA loss and 
immune escape in lung cancer evolution. Cell. 2017;171(6):1259-1271.
e11. https:// doi. org/ 10. 1016/j. cell. 2017. 10. 001.

 55. Campoli M, Ferrone S. HLA antigen changes in malignant cells: 
epigenetic mechanisms and biologic significance. Oncogene. 
2008;27(45):5869–85. https:// doi. org/ 10. 1038/ onc. 2008. 273.

 56. Hiraki A, Fujii N, Murakami T, et al. High frequency of allele-specific down-
regulation of HLA class I expression in lung cancer cell lines. Anticancer 
Res. 2004;24(3a):1525–8.

 57. Mehta AM, Jordanova ES, Kenter GG, Ferrone S, Fleuren GJ. Association of 
antigen processing machinery and HLA class I defects with clinicopatho-
logical outcome in cervical carcinoma. Cancer Immunol Immunother. 
2008;57(2):197–206. https:// doi. org/ 10. 1007/ s00262- 007- 0362-8.

 58. Xu F, Yuan J, Tian S, Chen Y, Zhou F. MicroRNA-92a serves as a risk factor 
in sepsis-induced ARDS and regulates apoptosis and cell migration 
in lipopolysaccharide-induced HPMEC and A549 cell injury. Life Sci. 
2020;256:117957. https:// doi. org/ 10. 1016/j. lfs. 2020. 117957.

 59. Chowdhury P, Dey P, De D, Ghosh U. Gamma ray-induced in vitro cell 
migration via EGFR/ERK/Akt/p38 activation is prevented by olaparib pre-
treatment. Int J Radiat Biol. 2020;96(5):651–60. https:// doi. org/ 10. 1080/ 
09553 002. 2020. 17114 61.

 60. Pan BQ, Xie ZH, Hao JJ, et al. PTP1B up-regulates EGFR expression by 
dephosphorylating MYH9 at Y1408 to promote cell migration and 
invasion in esophageal squamous cell carcinoma. Biochem Biophys Res 
Commun. 2020;522(1):53–60. https:// doi. org/ 10. 1016/j. bbrc. 2019. 10. 168.

 61. Wang Y, Deng W, Zhang Y, et al. MICAL2 promotes breast cancer cell 
migration by maintaining epidermal growth factor receptor (EGFR) 
stability and EGFR/P38 signalling activation. Acta Physiol (Oxf ). 
2018;222(2):https:// doi. org/ 10. 1111/ apha. 12920.

 62. Liu F, Feng XX, Zhu SL, et al. Sonic hedgehog signaling pathway mediates 
proliferation and migration of fibroblast-like synoviocytes in rheumatoid 
arthritis via MAPK/ERK signaling pathway. Front Immunol. 2018;9:2847. 
https:// doi. org/ 10. 3389/ fimmu. 2018. 02847 Published 2018 Dec 5.

 63. Kanehisa M, Goto S. KEGG: Kyoto Encyclopedia of Genes andGenomes. 
Nucleic Acids Res. 2000;28:27–30 [PMID:10592173].

 64. Kanehisa M. Toward understanding the origin and evolution of cellular 
organisms. Protein Sci. 2019;28:1947–51 [PMID:31441146].

 65. Kanehisa M, Furumichi M, Sato Y, Ishiguro-Watanabe M, Tanabe M. 
KEGG: integrating viruses and cellular organisms. Nucleic Acids Res. 
2021;49:D545–51 [PMID:33125081].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.1525-1438.2006.00541.x
https://doi.org/10.1111/j.1525-1438.2006.00541.x
https://doi.org/10.1097/01.pgp.0000163849.37129.d4
https://doi.org/10.1097/01.pgp.0000163849.37129.d4
https://doi.org/10.1038/onc.2009.62
https://doi.org/10.1038/onc.2009.62
https://doi.org/10.1186/s12885-020-07535-4
https://doi.org/10.1016/j.ygyno.2016.04.003
https://doi.org/10.1038/s41423-018-0005-3
https://doi.org/10.4161/onci.26381
https://doi.org/10.4161/onci.26381
https://doi.org/10.1016/j.cell.2017.10.001
https://doi.org/10.1038/onc.2008.273
https://doi.org/10.1007/s00262-007-0362-8
https://doi.org/10.1016/j.lfs.2020.117957
https://doi.org/10.1080/09553002.2020.1711461
https://doi.org/10.1080/09553002.2020.1711461
https://doi.org/10.1016/j.bbrc.2019.10.168
https://doi.org/10.1111/apha.12920
https://doi.org/10.3389/fimmu.2018.02847

	Exploring the mechanism and experimental verification of puerarin in the treatment of endometrial carcinoma based on network pharmacology and bioinformatics analysis
	Abstract 
	Introduction
	Materials and methods
	Obtain the dataset of drug target genes
	Construct the dataset of disease genes
	Obtain the drug related DEGs (DR-DEGs) and construct a composite network of drug targets
	Construct and analyze a protein–protein interaction network
	Establish and verify DR-DEGs prognostic model
	Functional enrichment analysis and immune infiltration analysis of differential genes in high and low risk groups
	Experimental preparation
	CCK8 assay
	Cell wound scratch assay
	q-PCR experiment


	Results
	Drug-related differentially expressed genes (DR-DEGs) were obtained
	Protein–protein interaction network and enrichment analysis
	The prognostic model was established and validated
	Functional analysis
	Immune cell and immune function analysis
	CCK8 Results
	Cell wound scratch assay results
	q -PCR result


	Discussion
	Acknowledgements
	References


