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A B S T R A C T   

The incidence of uterine corpus endometrial carcinoma (UCEC) is higher in individuals with polycystic ovary 
syndrome (PCOS) than in the general population. Nonetheless, the etiological mechanisms underlying this as
sociation remain unclear. This study aimed to delineate a shared gene signature, elucidate the pathophysiological 
mechanisms, and identify prospective therapeutic agents through an amalgamation of bioinformatics and in vitro 
studies. We identified 89 differentially expressed genes (DEGs) common to PCOS and UCEC, primarily involved 
in hormone signaling and immune responses. Applying the CytoHubba algorithm, we identified CCND1, CDH1, 
MMP9, PPP1CA, TLR2, PKM, and RPS6KA1 as key hub genes. Their expression was corroborated using a vali
dation cohort, cellular assays, and the Human Protein Atlas (HPA) database. Notably, these hub genes demon
strated a significant positive correlation with testosterone levels in primary granulosa cells from PCOS patients. 
Moreover, they hold promise as diagnostic indicators of PCOS and UCEC. Immune microenvironment analysis 
revealed positive associations of MMP9 and TLR2 with various immune cell types and checkpoints and a 
spectrum of chemokines and their receptors. MAZ emerged as the pivotal transcription factor governing the 
expression of these hub genes in both PCOS and UCEC. Consequently, our research elucidates the common 
pathogenic pathways and genetic markers shared by PCOS and UCEC, providing a foundation for future ther
apeutic strategies and drug discovery.   

1. Introduction 

Polycystic ovary syndrome (PCOS) is a highly heterogeneous disor
der affecting approximately 8 %-13 % of women of reproductive age 
(Tay et al., 2023). Characterized by a spectrum of reproductive, meta
bolic, and endocrine dysfunctions, including oligoovulation, infertility, 
hyperandrogenemia, obesity, hyperinsulinemia, type 2 diabetes melli
tus, and cardiovascular disease, it remains a complex condition with no 
identified systematic cause to date (Dapas and Dunaif, 2022, Ibanez and 
de Zegher, 2023). The widely accepted Rotterdam criteria of 2003 

currently serve as the standard for diagnosing PCOS, acknowledging its 
intricate pathophysiology and the lack of precise diagnostic parameters 
(Joham et al., 2022). 

Recent research has linked PCOS to a heightened risk of malignancies 
such as endometrial, ovarian, renal, and pancreatic cancers (Yin et al., 
2019). Notably, uterine corpus endometrial carcinoma (UCEC), the 
preeminent malignancy of the female reproductive tract and primarily 
of the endometrial epithelium, has seen an uptick in incidence, trending 
towards younger populations (Shafiee et al., 2014, Lin et al., 2022). As 
estimations predict a substantial increase in UCEC cases by 2030, 
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prioritizing early detection and prevention is vital. 
Studies have shown that PCOS is a significant risk factor for UCEC 

(Barry et al., 2014). Women with PCOS are three times more likely to 
develop UCEC compared to their counterparts (Yin et al., 2019). PCOS- 
associated obesity and anovulation can lead to elevated estrogen levels 
and progesterone resistance, fostering endometrial hyperplasia and 
increasing the risk of UCEC (Miao et al., 2022). Despite the vital link 
between PCOS and UCEC, the exact mechanisms contributing to this 
susceptibility remain elusive. Understanding shared genetic markers 
could illuminate the pathogenesis and inform the development of tar
geted therapeutics for those afflicted by both conditions. 

This study used bioinformatics and clinical sample analyses to dissect 
the molecular interplay between PCOS and UCEC. We aimed to deduce 
the gene signatures and elucidate their contribution to disease comor
bidity, which may pave the way for more efficacious treatment options. 
This approach has substantial clinical implications, potentially revolu
tionizing early diagnosis and management strategies for women with 
both PCOS and UCEC. 

2. Materials and methods 

2.1. Dataset acquisition 

Data for the training sets (GSE34526 & GSE67678) and the valida
tion sets (GSE137684, GSE84958, GSE48301, & GSE36389) were 
retrieved from the Gene Expression Omnibus (GEO) database. We used 
The Cancer Genome Atlas (TCGA) database and primary granulosa cells 
from PCOS patients to validate hub genes. The data specifications are 
presented in Table 1. 

2.2. Differential expression and enrichment analysis 

The datasets obtained from GEO were normalized. Gene fold changes 
(FC) were computed, and differentially expressed genes (DEGs) were 
identified using the “edgeR” R package with criteria set at p < 0.05 and | 
logFC|>1.0. Shared DEGs were determined through the “VennDiagram” 
R package. Heat maps and volcano plots were created using a web-based 
platform (https://www.bioinformatics.com.cn). 

Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analyses were performed using R, and enrichment 
terms were selected at adjusted p < 0.05. GO analysis covered biological 
process (BP), cellular component (CC), and molecular function (MF), 
whereas KEGG analysis focused on signaling pathways. 

2.3. Protein-Protein interactions (PPI) network construction 

We constructed a PPI network for the identified common genes using 
the STRING online database (Szklarczyk et al., 2019) (http://string-db. 
org) and visualized it with Cytoscape software (Shannon et al., 2003) 
(version 3.9.1). We deemed interactions with a score greater than 0.4 as 
significant. The “CytoHubba” Cytoscape plugin facilitated the screening 

of hub genes. 

2.4. Hub gene expression analysis 

The expression levels of hub genes in datasets GSE34526 and 
GSE63678 were evaluated for PCOS and UCEC, respectively, using 
GraphPad Prism. Validation of hub gene expression in PCOS utilized 
granulosa cells, whereas, in UCEC, mRNA expression was confirmed 
using the TCGA database. Protein expression of the seven hub genes was 
corroborated by immunohistochemical analysis using the Human Pro
tein Atlas (HPA) online database. 

The expression analysis was performed as previously described 
(Wang et al., 2018). RNA was isolated using the TRIzol method, reverse 
transcription was conducted using cDNA synthesis kits, and quantitative 
PCR (qPCR) was performed using GAPDH as the internal control. Primer 
sequences are documented in Table S1. 

2.5. Immune correlation analysis 

This study utilized TISIDB, a comprehensive repository for tumor- 
immune system interactions, to elucidate the associations between 
hub genes and immune constituents, such as immune cells, checkpoints, 
and chemokines, in UCEC. TISIDB archives immunity-related data for 
988 genes and facilitates analyses of gene-immune functional correla
tions, including lymphocytes, immunoregulatory molecules, and che
mokines, across 30 different cancers (Ru et al., 2019). 

2.6. Receiver operating characteristic (ROC) curve analysis 

ROC curves were generated using the “pROC” package in R, and area 
under the curve (AUC) values were computed to evaluate the diagnostic 
potential of each hub gene (Robin et al., 2011). 

2.7. Regulatory network construction 

NetworkAnalyst was employed to construct a network mapping in
teractions between hub genes and transcription factors (TFs), micro
RNAs (miRNAs), drugs, and chemical compounds (Xia et al., 2015). This 
includes hub gene-miRNA and TF-DEG interactions, utilizing databases 
such as TarBase, miRTarBase, and JASPAR (Fornes et al., 2020). The 
Drug Gene Interaction Database (DGIdb) (http://www.dgidb.org) also 
provided predictions for drugs interacting with hub genes. 

2.8. PCOS patient sample collection 

The process of collecting granulosa cells has been previously 
described (Zhang et al., 2022). Briefly, follicular fluid was centrifuged at 
250 × g for 10 min, after which the cell layer pellet was aspirated and 
transferred to a new centrifuge tube. The cells were then rinsed with 
PBS, resuspended, and centrifuged to collect cellular precipitate. 

2.9. Cell culture and treatment 

i. Human Granulosa-Like Tumor Cell Line (KGN) culture 
KGN was cultured and treated according to a previously published 

work by our team (Liu et al., 2023). Briefly, cells were seeded into 12- 
well plates containing a culture medium supplemented with 10 % 
hormone-deprived fetal bovine serum. The culture plates were divided 
into DMSO and DHT (CAS No: 521–18-6, Aladdin, China) groups, with 
three replicate wells per group. After overnight incubation, the cells 
were exposed to a culture medium containing DMSO and 10 μM DHT. 
After 24 h, the supernatant was aspirated, and the cells were lysed with 
TRIzol for RNA extraction. 

ii. siRNA transfection 
The siRNA was synthesized by GenePharma (Suzhou, China) and 

transfected according to the manufacturer’s instructions. Briefly, KGN 

Table 1 
Gene expression profile information.  

Data source Sample information Dataset 
feature 

GSE34526 3 normals and 7 PCOS patients Training set 
GSE67678 5 normals and 7 UCEC patients Training set 
GSE137684 4 normals and 8 PCOS patients Validation 
GSE84958 23 normals and 30 PCOS patients Validation 
Clinical 

samples 
20 normals and 20 PCOS patients Validation 

GSE48301 15 control endometrium and 14 PCOS 
endometrium 

Validation 

GSE36389 6 normals and 9 UCEC patients Validation 
TCGA 34 normals and 553 UCEC patients Validation  
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and Ishikawa cells were seeded into 12-well plates, and siRNA of NC and 
MAZ was transfected using Lipofectamine 3000 Reagent (Invitrogen, 
USA). After 24 h, cells were collected for RNA extraction. 

2.10. Statistical analysis 

Differences between the control and patient groups were assessed 
using a two-tailed t-test with GraphPad Prism 8.0.1 software, and the 
results are expressed as mean ± standard error of the mean (SEM). 
Pearson’s correlation analysis was employed for correlation analysis, 
with the significance of the statistics indicated by p-values. *p < 0.05, 
**p < 0.01, ***p < 0.001, **** p < 0.0001. 

3. Results 

3.1. Identification of differentially expressed genes (DEGs) 

We obtained the PCOS dataset GSE34526 and UCEC dataset 

GSE63678 from the Gene Expression Omnibus (GEO) database to 
examine the DEGs of PCOS and UCEC derived from granulosa cells and 
endometrial tissues, respectively. DEGs were screened with a threshold 
of p < 0.05 and a |log2 FC |>1.0, and their expression patterns were 
illustrated using volcano plots (Fig. 1A & 1B) and heatmaps (Fig. 1A & 
1D). The former depicts the number of DEGs, whereas the latter displays 
the top 50 DEGs. 

3.2. Screening for common DEGs and pathway enrichment 

We identified 89 common DEGs between the GSE34526 and 
GSE63678 datasets (Fig. 2A). GO and KEGG pathway enrichment ana
lyses revealed their biological functions, which included the release of 
cytochrome c from the mitochondria, ERBB signaling, and estrogen 
response (Fig. 2B). Furthermore, their cellular components are linked to 
the NADPH oxidase complex and cell junction, and their molecular 
functions involve SH2 domain binding and cadherin binding. KEGG 
analysis indicated that these DEGs were implicated in pathways related 

Fig. 1. Differential expression genes (DEGs) identification A & B. Volcano plot showed the DEGs of PCOS in GSE34526 (A) and UCEC in GSE63678 (B). C & D. 
Heatmap showed the top 50 DEGs of PCOS in GSE34526 (C) and DEGs of UCEC in GSE63678 (D). 
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to lipid metabolism, adenosclerosis, legionellosis, and gonadotropin- 
releasing hormone (GnRH) secretion (Fig. 2C). 

3.3. Construction of the DEGs and hub gene interaction network 

We used the STRING database and Cytoscape software to construct a 
Protein-Protein Interaction (PPI) network of overlapping DEGs 
(Fig. 3A). Employing the CytoNCA algorithm in Cytoscape, we identified 
seven hub genes: CCND1, CDH1, PKM, MMP9, RPS6KA1, PPP1CA, and 
TLR2. 

GO and KEGG pathway analyses of these hub genes revealed their 
roles in various biological functions and pathways, including oocyte 

meiosis, oxidative stress, reproductive structure development, steroid 
hormone response, inflammatory regulation, JAK-STAT signaling, 
cellular senescence, and apoptosis (Fig. 3B). 

3.4. Analysis and Validation of hub gene expression 

To determine the expression of hub genes in PCOS and UCEC sam
ples, we evaluated their expression in both training and validation 
samples. The expression of the seven hub genes in the PCOS dataset 
GSE34526 was significantly higher in PCOS granulosa cells than in 
controls (Fig. 4A-4G). Consistent results were observed in the clinical 
samples (Fig. 4H-4 N) and validation datasets (Supplementary Fig. 1, 

Fig. 2. Function analysis of the overlapping DEGs A. Venn diagram displayed the overlapping genes of PCOS and UCEC B & C. GO and KEGG enrichment analysis 
of overlapping DEGs. GO analysis showing the biological, cell component, and molecular function enrichment results (B). KEGG analysis showing the signaling 
pathway enrichment results (C). An adjusted p < 0.05 was identified as significantly changed. Abbreviations: GO, Gene Ontology; BP, biological process; CC, cellular 
component; MF, molecular function; KEGG, Kyoto Encyclopedia of Genes and Genomes. 
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Fig. 3. DEGs and hub gene interaction network A. The PPI network was constructed with the STRING online tool and visualized with Cytoscape. B. Functional 
enrichment analysis of hub genes. 
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Fig. S1). In UCEC, the expression of hub genes was analyzed in the 
GSE63678 dataset (Fig. 5A-5G) and validated with the TCGA database 
(Fig. 5H and 5I) and GSE36389 (Fig. S2), all showing significantly 
higher expression in UCEC than in the controls. Immunohistochemical 
analyses of the hub genes in the HPA database further confirmed 
significantly higher protein expression in the UCEC samples (Fig. 6). 
Moreover, most hub genes displayed elevated expression in endometrial 

samples from PCOS patients (Fig. S3), consistent with bioinformatics 
analysis. 

3.5. Correlation between hub genes and androgen 

To explore the relationship between hub genes and androgen, we 
treated KGN cells with DHT in vitro to assess the expression levels of the 

Fig. 4. Expression levels of hub genes in the PCOS database and clinical samplesA-G. Expression levels of hub genes in PCOS database GSE34526 H-N. 
Expression levels of hub genes in PCOS patients and normal individuals’ granulosa cells *p < 0.05, **p < 0.01, ***p < 0.001, **** p < 0.0001. 
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Fig. 5. Expression levels of hub genes in GSE63678 and TCGA database A-G. Expression levels of hub genes in the UCEC dataset of GSE63678 H-N. Expression 
levels of hub genes in the TCGA database *p < 0.05, **p < 0.01, ***p < 0.001, **** p < 0.0001. 
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Fig. 6. Immunohistochemistry in the HPA database showed protein expression of the hub genes in normal tissues and UCEC.  

M. Wang et al.                                                                                                                                                                                                                                  



Arabian Journal of Chemistry 17 (2024) 105548

9

hub genes. As shown in Fig. 7, the gene expression heat map indicated 
that most hub genes were significantly upregulated by DHT treatment. 
Additionally, correlation analyses between serum testosterone levels 
and hub gene expression in granulosa cells of PCOS patients showed a 
positive correlation, especially for TLR2 (Fig. 7). 

3.6. Immune microenvironment analysis of hub genes 

We examined the correlation between immune cell infiltration 
(Fig. 8A), immune checkpoints (Fig. 8B), chemokines (Fig. 8C), and 
receptors (Fig. 8D) with the hub genes CCND1, CDH1, PKM, MMP9, 
RPS6KA1, PPP1CA, and TLR2 using the TISIDB online tool. Strong 
correlations were observed, particularly for MMP9 and TLR2, associated 
with multiple immune cells, immune checkpoints, and chemokines and 
receptors. Other hub genes such as PKM, RPS6KA1, and PPP1CA also 
exhibited some degree of association with the immune 
microenvironment. 

3.7. Subtype and clinical features analysis 

We analyzed the subtypes (Fig. 9) and clinical features (Fig. 10) of 
the hub genes in UCEC. The immune subtypes included C1 (wound 
healing), C2 (IFN-gamma dominant), C3 (inflammatory), C4 (lympho
cyte depleted), C5 (immunologically quiet), and C6 (TGF-β dominant). 
The molecular subtypes included low copy number abnormalities (CN- 
L), high copy number abnormalities (CN-H), microsatellite instability 
(MSI), and POLE mutant (POLE). TLR2, PKM, and RPS6KA1 were highly 
expressed in immune subtype C6 and molecular subtype POLE (Fig. 9). 
At the same time, PPP1CA was highly expressed in advanced patho
logical stages of UCEC, such as Stage 4 and Grade 4 (Fig. 10D & 10 K). 

3.8. Receiver operating characteristic (ROC) curve analysis 

To evaluate the diagnostic utility of the 7 hub genes in PCOS and 
UCEC, we employed ROC curve analysis on the GSE34526 and 
GSE63678 datasets. The genes CCND1, CDH1, PKM, MMP9, RPS6KA1, 
PPP1CA, and TLR2 demonstrated promising diagnostic values, as indi
cated by the ROC curves (Fig. 11A-11 N). Using the TCGA database, we 
also confirmed the significant diagnostic efficacy of these genes in UCEC 
(Fig. 11O). 

3.9. Interaction analysis of hub genes with transcription factor (TF), 
miRNAs, and drugs 

Using the JASPER database, we mapped the interaction network 
between the identified hub genes and TFs (Fig. 12A). Five hub genes 
shared a common TF: MAZ. Subsequent evaluation of MAZ expression in 
primary granulosa cells of PCOS (Fig. 12B and 12C) and UCEC patients 
(Fig. 12E-12G) revealed substantial overexpression compared to con
trols. Notably, MAZ expression was positively and significantly corre
lated with testosterone levels in PCOS (Fig. 12D). Knockdown 
experiments of MAZ in KGN (Fig. 12H) and Ishikawa cell lines (Fig. 12I) 
indicated a substantial reduction in the expression of hub genes CCND1, 
CDH, MMP9, PPP1CA, and RPS6KA1, suggesting that MAZ plays a 
pivotal role in regulating these genes. This suggests that MAZ might be a 
key transcription factor of the hub genes. In addition, we constructed 
hub gene-miRNA interaction profiles using the TarBase and miRTarBase 
databases (Fig. 13) and examined hub gene-drug interactions via the 
Drug Gene Interaction Database (DGIdb) (Table 2). 

4. Discussion 

PCOS is characterized by clinical features such as obesity, insulin 
resistance, unopposed endometrial estrogen stimulation, diabetes mel
litus, and progesterone resistance, which have been implicated as risk 
factors for UCEC (Chen et al., 2021). Nonetheless, the exact molecular 

mechanisms predisposing PCOS patients to UCEC remain to be fully 
elucidated. This study conducted a bioinformatic analysis of gene 
microarray databases from PCOS granulosa cells and UCEC tissue, 
identifying seven signature genes (CCND1, CDH1, MMP9, PPP1CA, 
TLR2, PKM, and RPS6KA1) with potential diagnostic relevance for these 
comorbid conditions. 

Enrichment analyses (GO, KEGG, GSEA) suggested that PCOS and 
UCEC pathogenesis are predominantly associated with hormonal 
imbalance and inflammatory response. Hyperandrogenemia (HA)—a 
hallmark of PCOS—involves increased levels of testosterone, free 
testosterone, and adrenal androgens such as dehydroepiandrosterone 
(DHEA) and its sulfate (DHEA-S). Compelling evidence linked androgens 
with endometrial hyperplasia, oncogenesis, and infertility (Wu et al., 
2023). Several investigations have probed the association between 
androgen levels and endometrial cancer risk, identifying DHEA-S and 
androstenedione as potential risk factors (Michels et al., 2019). Elevated 
testosterone levels before menopause correlated with a higher incidence 
of UCEC post-menopause (Clendenen et al., 2016). Recent Mendelian 
randomization studies implicated free testosterone in the progression of 
both endometrioid and non-endometrioid endometrial tumors, illus
trating the long-term effects of androgen exposure related to UCEC 
(Ruth et al., 2020, Mullee et al., 2021). Mechanistically, androgens 
facilitated UCEC pathogenesis via androgen receptor interaction with 
FOXA1, which activated the Notch signaling pathway, encouraging 
endometrial hyperplasia (Qiu et al., 2014). Metastatic UCEC lesions 
exhibited elevated AR/ERα ratios and gene expression profiles that 
favored cell cycle progression, resulting in aggressive tumor growth and 
decreased patient survival (Tangen et al., 2016). Testosterone, con
verted to estradiol by aromatase, supplies estrogen to endometrial tu
mors (Kahn et al., 2019). The hormones also promoted fat synthesis, 
with adipose tissue subsequently becoming an additional source of es
trogen and other steroid hormones, further promoting the development 
of endometrial cancer (Carbone et al., 2019). 

Moreover, adipose tissue, influenced by hormonal stimuli, is a sec
ondary estrogen source exacerbating endometrial carcinogenesis (Dan
forth et al., 2010, O’Mara et al., 2018). High BMI was also linked with 
increased systemic androgen levels, further elevating UCEC risk, 
particularly in PCOS patients who commonly exhibited obesity and a 
raised BMI (Yin et al., 2019). Thus, obesity and high androgen levels in 
PCOS patients may be key risk factors for susceptibility to UCEC. 

Inflammation was a key contributor to the development of PCOS 
(Rudnicka et al., 2021). Chronic low-grade inflammation in PCOS could 
lead to insulin resistance (IR), obesity, and hyperandrogenemia, which 
in turn results in ovulation disorders. PCOS patients often show elevated 
inflammatory factor levels in the serum, particularly those with IR, 
suggesting that IR may exacerbate the inflammatory response in PCOS. 
Elevated levels of inflammatory factors led to increased production of 
reactive oxygen species (ROS), which promoted nitric oxide production 
in pancreatic β-cells and accelerated β-cell apoptosis. Furthermore, 
elevated ROS levels hindered insulin signaling and insulin-mediated 
glucose transport (Barrea et al., 2018). Hyperinsulinemia in PCOS re
duces the synthesis of sex hormone-binding globulin (SHBG) and raises 
the level of free testosterone in the blood (Goodarzi et al., 2011). 
Notably, testosterone activated the inflammatory signaling pathway 
molecule NF-κB and promoted the polarization of macrophages to the 
M1 type, producing pro-inflammatory factors (Su et al., 2016). These 
findings suggest that chronic inflammation and HA in PCOS patients 
may mutually cause and reinforce each other. Moreover, approximately 
30 %-60 % of patients with PCOS suffer from obesity, which leads to the 
secretion of various adipokines by adipose tissue, such as adiponectin, 
TNF-α, and MCP-1, activating the NF-kB system and promoting in
flammatory responses. This affected glucolipid metabolism and pro
moted the development of IR (Xu et al., 2022). 

The development and progression of UCEC were also closely linked 
to inflammation (Borghi et al., 2018). Patients with UCEC had higher 
levels of various inflammatory factors in their serum than normal 
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Fig. 7. Correlation analysis between hub genes and androgens A. A heat map exhibited the expression levels of hub genes with DHT treatment on KGN cells. B- 
H. Correlation analysis between the expression levels of hub genes and testosterone levels in PCOS patients *p < 0.05, **p < 0.01, ***p < 0.001, **** p < 0.0001. 
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subjects (Wang et al., 2023a, 2023b). Various inflammatory mediators 
in the tumor microenvironment were conducive to tumor proliferation, 
migration, and angiogenesis, as well as inhibiting apoptosis of tumor 
cells through inflammatory signaling pathways. Additionally, UCEC 
exhibited various inflammatory features, contributing to the prolifera
tion and metastasis of UCEC (Romanos-Nanclares et al., 2023). There
fore, inhibiting inflammatory pathways may be a potential intervention 
for the treatment of UCEC. 

Immune cell infiltration was critically important for the development 

of UCEC (Lopez-Janeiro et al., 2022). Studies have revealed a significant 
increase in macrophage, T lymphocyte, and B lymphocyte infiltration in 
UCEC tissues compared to normal tissues (Zhou et al., 2021). Specif
ically, macrophage infiltration has been linked to UCEC prognosis and 
angiogenesis (Espinosa et al., 2010). T cells, B cells, and NK cells could 
be activated by stimulating inflammatory factors in the tumor micro
environment, exerting anti-tumor effects (Liu et al., 2021). Factors such 
as VEGF, NF-κB, and COX-2 were activated following immune 
dysfunction, contributing to the development of tumor angiogenesis, 

Fig. 8. Immune microenvironment analysis A. Correlation between hub gene expression and 28 immune cells B. Correlation between hub gene expression and 24 
immune checkpoints C. Correlation between hub gene expression and chemokines D. Correlation between hub gene expression and chemokine receptors. 
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Fig. 9. Expression levels of hub genes in immune subtypes and molecular subtypes. A-G. Expression levels of hub genes in immune subtypes H-N. Expression 
levels of hub genes in molecular subtypes. 
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immunosuppression, and drug tolerance. 
In the immune cell infiltration analysis, we found a significant pos

itive correlation between TLR2, MMP9, and several immune cells, 
particularly with myeloid-derived suppressor cells (MDSCs). MDSCs, 

derived from common myeloid progenitor cells, can inhibit the normal 
functions of immune cells and induce Treg expansion, promoting their 
negative regulatory role in immunity (Gupta et al., 2021). They can also 
inhibit T cell proliferation and induce immune cells to remain 

Fig. 10. Expression levels of hub genes in different pathological Stages and Grades of UCEC A-G. Expression levels of hub genes in different pathological Stages 
of UCEC H-N. Expression levels of hub genes in different pathological Grades of UCEC. 
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unresponsive or tolerant, consequently impacting precancerous cells’ 
clearance or tumor cells (Talmadge and Gabrilovich, 2013). The study 
revealed a significant positive correlation between TLR2 and MMP9 and 
MDSCs and Treg cells, indicating their potential influence on immune 
response and tolerance in UCEC and their role in promoting UCEC by 
regulating these cells. TLR2 activation on MDSCs has been shown to 
upregulate the expression of indoleamine 2,3-dioxygenase (IDO), a key 
enzyme involved in immune tolerance and suppression, which empha
sizes the impact of TLR2 signaling on the immunosuppressive functions 

of MDSCs (Kaminski et al., 2023). 
Additionally, TLR2-deficient mice exhibit reduced accumulation and 

immunosuppressive activity of MDSCs in models of chronic inflamma
tion and cancer, underscoring the critical role of TLR2 in regulating 
MDSC function (Li et al., 2015). Similarly, MMP9 could affect the 
recruitment and immunosuppressive functions of MDSCs in the tumor 
microenvironment (Wu et al., 2016, Shao et al., 2017). These findings 
provided robust evidence supporting the notion that TLR2 and MMP9 
signaling influences the suppressive activities of MDSCs, thus 

Fig. 11. Receiver operator characteristic curve (ROC) diagnostic curve of hub genes A-G. ROC diagnostic curve of hub genes in PCOS dataset GSE34526 H-N. 
ROC diagnostic curve of hub genes in UCEC dataset GSE63678 O. ROC diagnostic curve of hub genes in TCGA database. 
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warranting further investigation into its potential as a therapeutic target 
for immunomodulation. Besides, elevated levels of MDSCs have been 
observed in the peripheral blood and ovarian tissue of PCOS patients, 
suggesting their potential role in the immunosuppressive milieu asso
ciated with PCOS (Zhu et al., 2021). Further investigations into the roles 

of TLR2 and MMP9 and their effects on MDSCs in PCOS are necessary to 
develop targeted immunotherapeutic strategies for this prevalent 
endocrine disorder. 

The Chemokine ligand (CCL) and Chemokine receptor (CCR) play a 
pivotal role in the pathophysiology of PCOS and UCEC. In PCOS, 

Fig. 12. Hub gene-transcription factors (TFs) interaction network and experiment validation A. Hub gene-TFs interaction network analysis. The red circle and 
green square represented the hub genes and the TFs, respectively. A node’s size was determined by its degree. B. Expression levels of the transcription factor MAZ in 
PCOS dataset GSE34626 C. Expression levels of the transcription factor MAZ in granulosa cells from control and PCOS patients (n = 20/each group). D. Correlation 
analysis between MAZ expression and testosterone levels in PCOS clinical samples (n = 40). E. Expression levels of MAZ in unpaired controls and UCEC patients. F. 
Expression levels of MAZ in paired controls and UCEC patients. G. Expression levels of MAZ in different pathological Grades of UCEC. H. The expression of core genes 
CCND1, CDH1, MMP9, PPP1CA, and RPS6KA1 was detected by knocking down MAZ in KGN cells. I. The expression of core genes CCND1, CDH1, MMP9, PPP1CA, 
and RPS6KA1 was detected by knockdown of MAZ in Ishikawa cells. *p < 0.05, **p < 0.01, ***p < 0.001, **** p < 0.0001. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 13. Hub gene-microRNA interaction network analysis Hub genes were depicted as red circles, while miRNAs were represented as blue squares. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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dysregulation of CCR and CCL signaling has been associated with the 
aberrant recruitment and activation of immune cells within the ovarian 
microenvironment, contributing to chronic low-grade inflammation and 
disturbances in follicular development characteristic of the disorder 
(Demi et al., 2019). In UCEC, the dysregulation of CCR and CCL 
signaling has been implicated in tumor invasion, metastasis, and 
angiogenesis, underscoring their significance in the progression of 
endometrial cancer (Xue et al., 2023). The present study demonstrated a 
strong correlation between TLR2 and several chemokines, particularly 
CCL2 and CCL4. Overexpression of TLR2 was associated with elevated 
levels of pro-inflammatory cytokines, such as TNF-α and IL-6, which 
induced insulin resistance, a common feature of PCOS. The intricate 
interaction between TLR2 and chemokines is a complex regulatory 
mechanism that can enhance inflammatory signaling and the recruit
ment of cells to sites of inflammation or tumors. For instance, TLR2 
activation upregulated CCL2 production and promoted macrophage 
infiltration (Wang et al., 2019). This process may contribute to a pro
tumorigenic environment in UCEC and exacerbate ovarian dysfunction 
in PCOS. The role of TLR2 in these conditions is part of a broader in
flammatory response involving chemokines and their receptors. Future 
research should strive to discern the precise mechanisms by which TLR2 
influences chemokine signaling pathways in PCOS and UCEC. 

With MCODE and Cytohubba’s seven algorithms, we screened seven 
hub genes: PKM, RPS6KA1, PPP1CA, TLR2, CCND1, MMP9, and CDH1. 
Pyruvate kinase M (PKM) is a key rate-limiting enzyme that regulates 
the cellular glycolytic pathway. The PKM1 isoform is predominantly 
expressed in tissues with high energy demands, such as skeletal muscle 
and brain tissue, while PKM2 is expressed in embryonic tissues, prolif
erating cells, and cancer cells (Zhang et al., 2019). PKM2 exists in both 
an active tetrameric form and a less active dimeric form, and the 
interconversion between these forms regulates the balance between 
oxidative phosphorylation and glycolysis, thereby preventing cellular 
dysregulation. In oxygen-sufficient cancer cells, the low activity of 
PKM2 expression led to an elevation in glycolytic intermediates, pro
moting the synthesis of macromolecules, which supported tumor growth 
and invasion (Zahra et al., 2020). In UCEC, PKM2 functioned as a 
transcriptional coactivator of ERα and was involved in estradiol-induced 
proliferation, shifting glucose metabolism toward aerobic glycolysis 

(Salama et al., 2014). 
Additionally, PKM2 expression in ovarian tissues of PCOS rats was 

restored after treatment with Diane-35 plus metformin. It was highly 
expressed in both mRNA and protein in UCEC, making it a potentially 
effective diagnostic marker. These findings suggested that PKM2 plays a 
crucial role in follicular energy metabolism through glycolysis, with 
further investigation needed to elucidate the exact mechanism. 

RPS6KA1 encoded a member of the RSK (ribosomal S6 kinase) family 
of serine/threonine kinases associated with cell growth and differenti
ation (Weidenauer et al., 2023). A cohort study demonstrated high 
expression of RPS6KA1 in the follicular fluid of obese PCOS patients, 
suggesting a potential association with impaired follicular development 
and oocyte maturation in this population (Chehin et al., 2020). 
Furthermore, RPS6KA1 was significantly associated with an increased 
risk of breast cancer and smoking-induced lung adenocarcinoma (Chen 
et al., 2020, Shareefi et al., 2020). While few studies have been con
ducted on RPS6KA1 in UCEC, our study found a high expression of 
RPS6KA1 in UCEC, suggesting its potential involvement in the patho
genic process. However, its function requires further exploration. 

We identified five hub genes, MMP9, CDH1, CCND1, RPS6KA1, and 
PPP1CA, that shared a common transcription factor, MAZ, known as 
MYC-associated zinc finger protein. MAZ exhibited DNA-binding tran
scription factor activity, RNA polymerase II-specific, and RNA poly
merase II cis-regulatory region sequence-specific DNA-binding activity. 
MAZ was considered one of the hub genes upregulated in UCEC (Yang 
et al., 2020). Our analysis revealed that MAZ was upregulated in UCEC, 
and it was found to interact with CDH1 to potentially promote acute 
pancreatitis, indicating a potential role in inflammatory responses in 
PCOS and UCEC (Zhong et al., 2022). MAZ was also upregulated in most 
tumors, including ACC, BLCA, KIRP, LIHC, PRAD, SKCM, and UCEC, and 
was associated with a high-risk prognosis (Wang et al., 2023a, 2023b). 
Furthermore, MAZ expression was positively correlated with immune 
checkpoint genes and immune-related signaling pathways (Wang et al., 
2023a, 2023b). Our study also indicated a significant correlation be
tween the expression of the five hub genes, especially MMP9 and TLR2, 
with immune cells, suggesting MAZ’s potential involvement in regu
lating the immune microenvironment and impacting the development of 
PCOS and UCEC. Developing inhibitors of MAZ might be an effective 
approach to cure the comorbidity. 

Our analysis identified hub gene-shared miRNAs, including has-miR- 
193b-3p and has-miR-9-5p, which may be associated with the devel
opment of PCOS and UCEC. Multiple linear regression analysis showed 
that miR-193b could be an independent indicator to assess insulin 
resistance in PCOS patients (Jiang et al., 2016). The combination of miR- 
193b and BMI had a potential diagnostic value for PCOS. Another study 
showed that miR-193b was a common DEG in endometrial and ovarian 
cancers (Ke et al., 2022). In the present study, miR-193b could target 
CDH1, CCND1, and RPS6KA1, suggesting that miR-193b might affect 
the comorbidity of PCOS and UCEC by targeting the three genes. 

Additionally, miR-9 could be a prognostic factor for UCEC according 
to histological type and grade, tumor size, lymph node involvement, and 
survival (Bloomfield et al., 2022). MiR-9 also targeted VDR to affect 
proliferation and apoptosis of ovarian granulosa cells and could be a 
potential target to improve PCOS ovarian dysfunction (Kong et al., 
2019). Here, we identified that miR-96 and miR-27a may target CCND1. 
Our previous study showed that miR-27a promoted apoptosis of gran
ulosa cells by targeting SMAD5, while miR-96 targeted FOXO1 to 
regulate estradiol synthesis and granulosa cell proliferation. miR-27a-3p 
and miR-96 could be potential diagnostic markers for PCOS (Wang et al., 
2018, Liu et al., 2023). This suggested a possible role in regulating the 
cell cycle. Our findings established a hub gene-miRNA network that 
provided new insights into the pathogenesis of PCOS and UCEC. 

Notably, our study shed new light on certain aspects of the shared 
pathogenesis of PCOS and UCEC and suggested potential regulatory 
molecules and drug targets. However, future validation of these findings 
will require recruiting patients with PCOS and UCEC. Furthermore, 

Table 2 
Drugs and their structures related to hub genes.  

Gene ID Drug Drug 
Type 

Structure 

CCND1 DB01169 Arsenic trioxide Small 
Molecule 

TLR2 DB00045 Lyme disease vaccine 
(recombinant OspA) 

Biotech 

DB05475 Golotimod Small 
Molecule 

DB03963 S-(Dimethylarsenic) 
Cysteine 

Small 
Molecule 

PPP1CA DB02506 2,6,8-Trimethyl-3- 
Amino-9-Benzyl-9- 
Methoxynonanoic Acid 

Small 
Molecule 

RPS6KA1 DB04751 Purvalanol A Small 
Molecule 
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additional in vivo and in vitro studies are necessary to confirm the hy
pothesized mechanisms and identify pharmacological targets for 
developing potential therapeutic drugs for comorbidity. 

5. Conclusion 

This study investigated the shared pathogenic processes between 
PCOS and UCEC using an integrated bioinformatics approach and ex
periments. We identified 7 common hub genes, CCND1, CDH1, MMP9, 
PPP1CA, TLR2, PKM, and RPS6KA1, which exhibited superior diag
nostic performance for PCOS and UCEC. Analysis of the immune 
microenvironment revealed positive correlations between MMP9 and 
TLR2 with immune cells and checkpoints, suggesting a potential in
flammatory link between PCOS and susceptibility to UCEC. Further
more, we discovered the key transcription factor MAZ as a regulator of 
hub gene expression in PCOS and UCEC. This study provides innovative 
insights for further mechanistic research and drug discovery for this 
comorbidity. 
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