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Background: Endometrial cancer (EC) as one of themost common gynecologic malignancies is increasing in incidence during the past
10 years. Genome-Wide Association Studies (GWAS) extended to metabolic and protein phenotypes inspired us to employ multiomics
methods to analyze the causal relationships of plasmametabolites and proteins with EC to advance our understanding of EC biology and
pave the way for more targeted approaches to its diagnosis and treatment by comparing the molecular profiles of different EC subtypes.
Methods: Two-sample mendelian randomization (MR) was performed to investigate the effects of plasma metabolites and proteins on
risks of different subtypes of EC (endometrioid and nonendometrioid). Pathway analysis, transcriptomic analysis, and network analysis
were further employed to illustrate gene-protein-metabolites interactions underlying the pathogenesis of distinct EC histological types.
Results: The authors identified 66 causal relationships between plasmametabolites and endometrioid EC, and 132 causal relationships
between plasma proteins and endometrioid EC. Additionally, 40 causal relationships between plasmametabolites and nonendometrioid
EC, and 125 causal relationships between plasma proteins and nonendometrioid EC were observed. Substantial differences were
observed between endometrioid and nonendometrioid histological types of EC at both the metabolite and protein levels. The authors
identified seven overlapping proteins (RGMA, NRXN2, EVA1C, SLC14A1, SLC6A14, SCUBE1, FGF8) in endometrioid subtype and six
overlapping proteins (IL32, GRB7, L1CAM, CCL25, GGT2, PSG5) in nonendometrioid subtype and conducted network analysis of
above proteins and metabolites to identify coregulated nodes.
Conclusions: Our findings observed substantial differences between endometrioid and nonendometrioid EC at the metabolite and
protein levels, providing novel insights into gene-protein-metabolites interactions that could influence future EC treatments.
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Background

Endometrial cancer (EC) is one of the most common gynecologic
malignancies, with its incidence steadily increasing globally. In

2020, there were 417 000 new cases reported worldwide[1]. With
the development of socio-economic factors and changes in peo-
ple’s lifestyles, the incidence of EC has been increasing annually,
showing a trend towards affecting younger individuals[2,3].

EC comprises various histological types. The WHO classi-
fied EC into several pathological types, including endometrioid
carcinoma, serous carcinoma, clear cell carcinoma, mixed
carcinoma, undifferentiated carcinoma, carcinosarcoma, and
other rare types[4,5]. Traditionally, the endometrioid carci-
noma is the most common histological type. Tumors in this
category tend to be well-differentiated, with a high positivity
for estrogen and progesterone receptors, resulting in a favor-
able prognosis with a 5-year survival rate of 85.6%[6]. The
pathogenesis of this type is mainly associated with prolonged
estrogen stimulation in the absence of progesterone
antagonism[7]. However, nonendometrioid histological type
EC, including serous carcinoma, clear cell carcinoma, and
others, usually exhibit high malignancy and poor differentia-
tion. It carries a high risk of recurrence, with a less favorable
prognosis and a 5-year survival rate of 58.8%[6]. The etiology
of nonendometrioid EC remains unclear, possibly involving
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genetic factors[8]. For patients with this type of EC, in addition
to standard surgical treatment, additional adjuvant therapies
such as radiation, chemotherapy, or immunotherapy are often
required[9]. Currently, there is a relatively limited researches
on the pathogenic mechanisms of EC, especially none-
ndometrioid histological types. Therefore, there is an urgent
need for more in-depth studies to address these knowledge
gaps.

In recent years, there are growing evidence that metabolic
dysregulation and protein regulatory networks have a close
association with the development of EC. Previous studies have
found that models composed of specific metabolic biomarkers
can accurately differentiate between endometrioid subtype and
nonendometrioid subtype EC[10,11]. However, due to sample size
limitations and confounding factors, the causal effect of blood
metabolites and proteins on EC still cannot be confirmed.
Simultaneous analysis of metabolomics and proteomics through
integrated approaches can uncover biological pathogenic
mechanisms at both protein and metabolic levels[12]. Currently,
no relevant research exists in the field of EC; thus, it is worthwhile
to conduct in-depth exploration of differential proteins and
metabolites associated with EC by combining multiomics meth-
ods, enabling a more comprehensive understanding of its
underlying mechanisms.

Mendelian randomization (MR) can utilize genomic data for
causal inference through employing genetic variants as instru-
mental variables to estimate the causal effects of exposure phe-
notypes on desired outcome phenotypes[13]. Because of the
random assignment of genetic variants occurs during meiosis,
variations in exposure phenotypes are expected to be unaffected
by confounding factors[14,15]. The significant advancements in
large-scale Genome-Wide Association Studies (GWAS) and the
development of analytical methods for MR have contributed to
the robust estimation of causal effects. Further, the integration of
multiomics methods, along with MR, presents a powerful
approach for investigating the molecular landscape of disease[16].
By combining transcriptomics, proteomics, and metabolomics,
this methodology will offer a comprehensive exploration of EC’s
molecular characteristics and provide us with valuable insights
into the complex regulatory networks driving EC development
and progression.

Inspired by the given dataset of metabolites and proteins atlas,
we hereby analyzed the causal relationships of plasma metabo-
lites and proteins with EC, seeking to identify metabolic and
protein pathways that might contribute to the development of the
EC and unraveling the molecular difference between two EC
histological subtypes. We aim to advance our understanding of
EC biology and pave the way for more targeted approaches to its
diagnosis and treatment by comparing the molecular profiles of
different EC subtypes.

Material and methods

Study design

We systematically assessed the causal association of human
plasma metabolites and plasma proteins with the risk of EC using
a two-sample MR design. The performance of a convincing MR
study should comply with three fundamental assumptions.
Genetic information for plasma metabolites, plasma proteins,
and EC was obtained from independent GWAS datasets

separately to avoid sample overlap. The overview of this study
was presented in Figure 1.

GWAS data sources for EC

The GWAS summary statistics of EC were taken from a large-
scale study consisting of the Endometrial Cancer Association
Consortium, the epidemiology of endometrial cancer consortium,
and the UK Biobank[17] and were publicly available via GWAS
catalog (https://www.ebi.ac.uk/gwas/). This study encompassed
121 885 participants of European ancestry, including 12 906
cases of EC and 108 979 controls. These EC cases were further
classified into EC of endometrioid histology (8 758 cases) and EC
with nonendometrioid histology (serous carcinoma, carcino-
sarcoma, clear cell carcinoma, or mucinous carcinoma) (1 230
cases) according to the histological subtype of EC.

GWAS data sources for plasma metabolites

The GWAS summary statistics involving 1 091 bloodmetabolites
and 309 metabolite ratios were obtained from the study by Chen
et al.[18]. This is the currently most comprehensive analysis of
humanmetabolites, and the full summary statistics of which were
publicly available via GWAS catalog (https://www.ebi.ac.uk/
gwas/). 8 192 European ancestry individuals were included in this
GWAS analysis.

GWAS data sources for plasma proteins

The GWAS summary statistics of 3 283 proteins were obtained
from the genomic atlas of the human plasma proteome by Sun
et al.[19]. This study identified 1 927 genetic associations with 1 478
proteins from 3 301 European ancestry individuals and the data
were available from GWAS catalog (https://www.ebi.ac.uk/gwas/).

Genetic instruments selection

The selection of instrumental variables (IVs) in this MR ana-
lysis was based on the three fundamental assumptions. Firstly,
for each metabolite/protein, we extracted SNPs with associa-
tion thresholds at P< 0.5× 10–8. Secondly, independent var-
iants were identified using a clumping procedure implemented
in R software, in which a linkage-disequilibrium threshold of
R2 < 0.001 within a 10 000 kilobase (kb) distance based on
European ancestry reference data from the 1000 Genomes
Project. All palindromic SNPs were dropped. Finally, to
quantitatively verify whether the selected SNPs were strong
instruments, we calculated the proportion of phenotypic var-
iation explained and the F statistic of instruments for each
metabolite/protein. Typically, a threshold of F> 10 was sug-
gested for further MR analysis.

MR statistical analyses

The causal associations between metabolites/proteins and EC for
this MR analysis were mainly estimated using a standard inverse
variance weighted (IVW) or Wald ratio method. Q-test for IVW
and MR-Egger was used to detect potential violations of the
assumption by the heterogeneity of the association between
individual IVs. MR-Egger was applied to estimate horizontal
pleiotropy according to its intercept. Additional analyses of MR
methods with different modeling assumptions and strengths were
applied (MR‑Egger, weighted median, weighted mode, simple
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mode) to increase the stability and robustness of the results[14].
For the MR results, the significant level was set at 0.05, and
multiple-testing significance was determined at each feature level
using Bonferroni correction (P< 0.05/n, where n is the number of
metabolites/proteins). Statistical analyses were performed in
R4.3.1 software, and all analyses were performed using the
‘TwoSampleMR’ package and the ‘mendelian randomization’
package.

Pathway analysis

Metabolic pathways were analyzed via the web-based
Metaconflict 4.0. (https://www.metaboanalyst.ca/)[20]. Protein
pathways were analyzed via the web-based DAVID bioinfor-
matics resources (https://david.ncifcrf.gov/tools.jsp)[21]. The
significant level for pathway analysis was set at 0.10. Pathway
illustrations were generated using the ‘ggplot2’ R package.

Integration of transcriptomic analysis in the TCGA database

UCEC expression data and baseline characteristics information
were downloaded from the TCGA database (https://portal.
gdc.cancer.gov/), including 245 endometrioid histological type,
138 nonendometrioid histological type, and 35 normal tissue
samples. Differential analysis was conducted using HTSeq-
Counts, and R4.3.1 software was employed for analyzing differ-
entially expressed genes (DEGs). DEGs were selected with criteria
of P<0.05 and |log2(FC)| >2 with the DESeq2 R package. We
next overlapped significant proteins identified in previous pro-
teomic study usingMRwith the DEGs obtained from TCGA. The
overlap allowed for the identification of crucial proteins and genes
associated with different histological type of EC.

Network analysis

The causal associations between plasma metabolites and proteins
were estimated using IVW method. Each node represents a

protein (circle) or a metabolite (square), where the size of each
node is proportional to the number of its related node (network
influence). An edge exists when it connects two nodes with a
P< 0.05 (solid edge means protein to metabolite correlations and
dashed edge means metabolite to protein correlations). The
length of the edge is proportional to the inverse of beta value.
Network plots of proteins and metabolites were generated with
the igraph R package.

Results

Causal effects of metabolites on EC

We estimated the causal association between these metabolites/
metabolite ratios and EC and identified a total of 171 sug-
gestive associations (P< 0.05), 65 suggestive associations in
overall EC, 66 suggestive associations in endometrioid histol-
ogy EC, and 40 suggestive associations in nonendometrioid
histology EC, respectively (Fig. 2A–C; Table S1, Supplemental
Digital Content 1, http://links.lww.com/JS9/C641). Using the
IVW method, four causal associations with multiple-testing
corrected significance could be observed. Genetic predicted a
higher abundance of androstenediol (3beta,17beta) mono-
sulfate was significantly associated with an increased risk
of overall EC (IVW beta= 0.63, 95% CI: 0.50–0.77,
P= 3.65× 10-6). A higher abundance of androstenediol
(3beta,17beta) monosulfate and 5alpha-androstan-3alpha,17-
beta-diol disulfate was significantly associated with an
increased risk of endometrioid histology EC (IVW beta= 0.73,
95% CI: 0.56–0.89, P= 6.32× 10-6; IVW beta= 0.38, 95% CI:
0.29–0.47, P= 3.10× 10-5, respectively). A higher abundance
of 4-methylhexanoylglutamine was significantly associated
with an increased risk of nonendometrioid histology EC (IVW
beta= 1.11, 95% CI: 0.84–1.38, P= 3.95× 10-5) (Table S1,
Supplemental Digital Content 1, http://links.lww.com/JS9/
C641). Cochran Q test indicated no heterogeneity was

Figure 1. Overview of this study. In this study, we use a two-sample MR method to assess the causal association of human plasma metabolites and plasma
proteins with the risk of EC. Genetic information for plasma metabolites, plasma proteins and EC was obtained from GWAS datasets. The MR analysis was
estimated using IVW, MR‑Egger, weighted median, weighted mode, simple mode, and sensitive analysis was also done. EC, endometrial cancer; MR, mendelian
randomization; GWAS, Genome-Wide Association Studies; IVW, inverse variance weighted.
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Figure 2. Causal effects of metabolites on EC. A. Venn diagram summarizing the differential and overlapping metabolites. B. Plot of beta values of metabolites to
increase the risk of endometrial subtype EC, nonendometrial subtype EC, and both. The significant level was set at 0.05. C. Volcano plot of causal effects of
metabolites on EC. Beta values represent the extent of increase or decrease in the risk of two subtypes of EC associated with a particular metabolite. D. Metabolic
pathway analysis. EC, endometrial cancer.
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detected (Table S2, Supplemental Digital Content 1, http://
links.lww.com/JS9/C641). MR-Egger intercept analysis sug-
gested that there was no potential horizontal pleiotropy (Table
S3, Supplemental Digital Content 1, http://links.lww.com/JS9/
C641). The core set of proteins consisted of four metabolites
associated with both endometrioid subtype and none-
ndometrioid subtype while 62 and 36 were unique to endo-
metrioid subtype or nonendometrioid subtype, respectively
(Fig. 2A). The octadecanedioylcarnitine (C18-DC) level was
positively associated with both endometrioid subtype and
nonendometrial subtype, while succinimide level and glucose
to N-palmitoyl-sphinganine (d18:0 to 16:0) ratio were nega-
tively associated with both endometrioid subtype and none-
ndometrial subtype (Fig. 2B).

Metabolic pathway analysis

The metabolic pathway analysis identified three significant
metabolic pathways in endometrioid histology EC and six sig-
nificant metabolic pathways in nonendometrioid histology EC
(Fig. 2D, Table S4, Supplemental Digital Content 1, http://links.
lww.com/JS9/C641). There is no overlap of metabolic pathways
between two histological types of EC.

Causal effects of proteins on EC

To further elucidate the differences in the pathogenic mechanisms
between endometrioid histological types and nonendometrioid
histological types of EC, we conducted additional analysis using
GWAS data sources for plasma proteins. We estimated the causal
association between these plasma proteins and EC and identified
a total of 257 suggestive associations (P<0.05), 132 suggestive
associations in endometrioid subtype, and 125 suggestive asso-
ciations in nonendometrioid subtype, respectively (Fig. 3A–C;
Table S5, Supplemental Digital Content 1, http://links.lww.com/
JS9/C641). Using the IVW method, two causal associations with
multiple-testing corrected significance could be observed. Genetic
predicted a higher abundance of Interleukin-2 receptor subunit
beta levels (IL2RB) and Lymphocyte activation gene 3 protein
levels (LAG3) was significantly associated with an decreased risk
of endometrioid EC (Wald ratio beta= − 0.70, 95% CI:
− 0.83–− 0.58, P=2.25× 10-8; Wald ratio beta= −0.71, 95%
CI: −0.84– −0.58, P=2.25× 10-8, respectively). Cochran Q test
indicated no heterogeneity was detected (Table S6, Supplemental
Digital Content 1, http://links.lww.com/JS9/C641). MR-Egger
intercept analysis suggested that there was no potential hor-
izontal pleiotropy (Table S7, Supplemental Digital Content 1,
http://links.lww.com/JS9/C641). The core set of proteins con-
sisted of 14 proteins associated with both endometrioid subtype
and nonendometrioid subtype while 118 and 111 were unique to
endometrioid subtype or nonendometrioid subtype, respectively
(Fig. 3A). The top five positive-associated proteins with both
endometrioid subtype and nonendometrial subtype were RAB14,
SLC41A2, CFI, APLP2, QSOX2 and the top five negative-asso-
ciated proteins with both types were TUFT1, TJP1, ICAM2,
IL2RB, and LAG3 (Fig. 3B).

Protein pathway analysis

The GO enrichment analysis revealed the difference of biological
processes, cellular components, and molecular functions in either
endometrioid subtype or nonendometrioid subtype (Fig. 3D).

The protein pathway analysis identified 6 significant KEGG
pathways in endometrioid histology EC and 22 significant KEGG
pathways in nonendometrioid histology EC (Fig. 3D, Table S8,
Supplemental Digital Content 1, http://links.lww.com/JS9/
C641). The overlap of protein pathways between two histological
types of EC were Cytokine-cytokine receptor interaction path-
way and MAPK signaling pathway.

Integration of transcriptomic analyses in the TCGA database

We compared DEGs in the TCGA database with proteins asso-
ciated with EC in preceding MR results (Fig. 4A–C). We identi-
fied seven overlapping proteins (RGMA, NRXN2, EVA1C,
SLC14A1, SLC6A14, SCUBE1, and FGF8) in endometrioid
subtype and six overlapping proteins (IL32, GRB7, L1CAM,
CCL25, GGT2, and PSG5) in nonendometrioid subtype
(Fig. 4D). We also displayed the common KEGG pathways
regulated in endometrial subtype and nonendometrial subtype at
both the RNA and protein levels (Fig. 4E). In endometrial subtype
and nonendometrial subtype, there were two and three pathways,
respectively, regulated at both the RNA and protein levels. For
the endometrial subtype, PI3K-Akt signaling pathway and
MAPK signaling pathway was regulated at two levels. For the
nonendometrial subtype, it was the Cytokine-cytokine receptor
interaction, Protein digestion and absorption, and cAMP sig-
naling pathway.

Network analysis

We finally performed network analysis of the overlapping pro-
teins and the metabolites associated with EC in preceding MR
results to identify coregulated nodes. Figure 5 showed the net-
work analysis highlighting the most correlated metabolites and
proteins in endometrial subtype and nonendometrial subtype. In
endometrial subtype, there were many related metabolites with
SCUBE1, RGMA, and EVA1C, underlining the importance of
these proteins in the pathogenesis of endometrial EC through
different metabolism pathways. For nonendometrial subtype,
PSG5, L1CAM, GGT2, and IL32 were the important proteins
that involved in the pathogenesis of nonendometrial EC through
interaction with metabolites, which showed a difference of the
coregulated network between two histological subtypes of EC.
The identification of notable differences in the coregulated net-
work between endometrioid and nonendometrioid subtype is
significant in understanding the molecular mechanisms under-
lying these two subtypes of EC.

Discussion

In this study, we unraveled the causal relationships of plasma
metabolites and proteins with two different histological sub-
types of EC. For endometrial subtype, we found 66 causal
relationships between plasma metabolites and endometrial EC,
and two of which were observed with multiple-testing cor-
rected significance. We also found 132 causal relationships
between plasma proteins and endometrial EC and only IL2RB
and LAG3 were multiple-testing corrected significant. For
nonendometrial subtype, 40 causal relationships between
plasma metabolites and nonendometrial EC were observed,
and 4-methylhexanoylglutamine was the only multiple-testing
corrected significantly associated metabolite. We also observed
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125 causal relationships between plasma proteins and none-
ndometrial EC and none of them were observed with multiple-
testing corrected significance. Despite a limited number of
common metabolite pathways and protein pathways,

substantial differences were observed between endometrioid
and nonendometrioid histological types of EC at both the
metabolite and protein levels. To further validate the previous
results, we overlapped significant plasma proteins with the

A
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C

Figure 3.Causal effects of proteins on EC. A. Venn diagram summarizing the differential and overlapping proteins. B. Plot of beta values of proteins to increase the risk of
endometrial subtype EC, nonendometrial subtype EC, and both. The significant level was set at 0.05. C. Volcano plot of causal effects of proteins on EC. Beta values
represent the extent of increase or decrease in the risk of two subtypes of EC associated with a particular protein. D. Protein pathway analysis. EC, endometrial cancer.
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DEGs obtained from TCGA to identify the crucial proteins
associated with different histological type of EC. We identified
seven overlapping proteins (RGMA, NRXN2, EVA1C,
SLC14A1, SLC6A14, SCUBE1, and FGF8) in endometrioid
subtype and six overlapping proteins (IL32, GRB7, L1CAM,

CCL25, GGT2, and PSG5) in nonendometrioid subtype and
we finally added network analysis of above proteins and
metabolites to identify coregulated nodes. To our knowledge,
this is the first study to analyze the causal relationships of
plasma metabolites and proteins with EC.

A

C

D

E

B

Figure 4. Integration of transcriptomic analyses in the TCGA database. A. Venn diagram summarizing the differential and overlapping differentially expressed genes
(DEGs). B. Volcano plot of DEGs of two subtypes of EC. C. GO and KEGGpathway analysis. D. Overlap of DEGs and proteins. e Overlap of KEGGpathways. DEGs,
differentially expressed genes; GO, gene ontology; KEGG, kyoto encyclopedia of genes and genomes.
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EC has been recognized as a metabolism-related disease as it
can be found in combination with a variety of metabolic dis-
orders, including hypertension, diabetes, and obesity[4].
Currently, a number of EC-related metabolites and metabolic

pathways have been continuously discovered and verified[22,23].
Our study confirmed the presence of EC metabolic profiles and
identified the difference of key metabolites and metabolic path-
ways between endometrial subtype and nonendometrial subtype.

Figure 5. Network analysis. The causal associations between plasma metabolites and proteins. Each node represents a protein (circle) or a metabolite (square),
where the size of each node is proportional to the number of its related node. An edge exists when it connects two nodes with a P<0.05 (solid edge means protein
to metabolite correlations and dashed edge means metabolite to protein correlations). The length of the edge is proportional to the inverse of beta value.
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The metabolic derivatives of androgens, Androstenediol
(3beta,17beta) monosulfate, and 5alpha-androstan-3alpha,17-
beta-diol disulfate were found to be significantly associated with
an increased risk of endometrioid histology EC, suggesting a
potential role of androgen in the development of endometrial EC.
Previous studies have found that androgen metabolites, including
testosterone and dehydroepiandrosterone sulfate were all risk
factors of EC and were potential prognostic markers of EC[24,25].
This may be due to the fact that androgens can be converted into
estradiol under the action of aromatase, and long-term estrogen is
a risk factor for EC[26]. Nevertheless, the role of androgens in EC
remains contradictory and how important are androgens in
determining the fate of EC is still unknown. 4-methylhex-
anoylglutamine, a kind of glutamine metabolites, was found to be
a risk factor of nonendometrioid EC in our study. Currently,
various studies have found that glutamine metabolism plays an
important role in tumor development, exerting its influence
through intricate interactions with the tumor microenvironment
across various cancer types, such as glioma, ovarian cancer,
breast cancer, and prostate cancer[27–29]. Our results showed the
potential role of glutamine metabolism in the development of
nonendometrioid EC and additional research was necessary to
verified this underlying relationship.

Among the overlapping proteins in the endometrial subtype,
sodium-dependent and chloride-dependent neutral and basic
amino acid transporter B(0 + ) (SLC6A14) protein is a membrane-
bound amino acid transporter, playing a crucial role in the
transportation of specific amino acids, with a particular emphasis
on neutral amino acids. Its malfunctioning is correlated with
several pathological states and it is upregulated in many solid
tumors[30]. As a result, we suggest that SLC6A14 may play a
significant role in the pathogenesis of endometrial EC by through
the amino acid metabolism. Fibroblast growth factor 8 (FGF8),
belonging to the Fibroblast Growth Factor (FGF) family, is
another overlapping protein. This family includes a variety of
proteins that regulate cell growth, differentiation, and develop-
ment. Some studies have suggested that FGF8 may play a role in
promoting the invasion and migration of certain tumors[31,32].
Signal peptide, CUB, and EGF-like domain-containing protein 1
(CUBE1) is a transmembrane protein with a signal peptide, a
CUB domain, an EGF-like domain, and a compression region[33].
Some studies have found that CUBE1 can enhance the malig-
nancy and stemness of tumor cells and can be diagnostic and
prognostic markers of some tumors[34,35]. Repulsive guidance
molecule A (RGMA) is a membrane-associated protein primarily
functions in the central nervous system. Concerning studies have
demonstrated that RGMA is linked to the pathogenesis of pros-
tate cancer, colon cancer, and breast cancer[36,37]. Protein eva-1
homolog C (EVA1C) is a membrane protein-coding gene, and
only one study has investigated its function in the immuno-
oncologic interactions[38]. The above proteins have not been
investigated in the area of EC. Further research is needed to
explore their roles and potential contributions to endometrial EC.
Concerning the overlapping proteins in the nonendometrial
subtype, the Gamma-Glutamyltransferase 2 (GGT2) protein
functions as an enzyme involved in the metabolism of
glutathione[39]. Hence, we postulate that GGT2 could play a
substantial role in the pathogenesis of nonendometrial EC by
influencing glutathione metabolism. Growth factor receptor-
bound protein 7 (GRB7) typically interacts with growth factor
receptors such as HER2, EGFR, and plays a regulatory role in

processes such as cell growth, differentiation, and migration[40].
The expression of GRB7 is often closely correlated with HER2
expression[41,42]. Additionally, in conjunction with unpublished
data from our research group, it was observed that there is a
higher prevalence of HER2-positive patients in nonendometrioid
subtype compared to endometrioid subtype. This suggests a
potential close association between GRB7, HER2, and the
occurrence and development of nonendometrioid EC and relative
researches are needed. Pregnancy-Specific Beta-1-Glycoprotein 5
(PSG5) protein is expressed during pregnancy. The specific bio-
logical functions of the PSG family are not fully understood[43].
C-C motif chemokine 25 (CCL25) and Interleukin-32 (IL32)
both play crucial roles in regulating the immune response[44,45],
indicating the potential relevance of immune therapy in
nonendometrial EC.

There are still some limitations in this study. First, due to the
restriction of the GWAS data, we could only divide the EC into
the endometrioid subtype and nonendometrioid subtype instead
of the molecular subtype of EC, which is currently the standard
classification of EC[46]. Nevertheless, our findings remained
relevant, aligning with the classical Bokhman classification in
rough[46]. Secondly, the GWAS data were from various popula-
tions and databases, which may differ in their design, cohort, and
quality. Consequently, there might be inherent biases across dif-
ferent GWAS datasets, potentially impacting the reliability of our
results. Despite these limitations, our study still contributes to the
in-depth understanding of EC etiology and appeals to further
investigation to validate and refine our findings. The future
research direction was to validate the results through cellular,
animal, and clinical samples, stratified by distinct molecular
subtypes, thereby enhancing the clinical applicability of this
study. And the search for crucial plasma proteins and metabolites
in the pathogenesis of EC holds potential for future prevention,
diagnosis, and treatment strategies, underscoring the significance
of this study.

Conclusion

To conclude, this study revealed the causal relationships of
plasma metabolites and proteins with two EC subtypes.
Significant associations were identified, with notable differences
observed between endometrioid and nonendometrioid EC at
both metabolite and protein levels. The findings offer novel
insights into gene-protein-metabolites interactions, potentially
influencing future EC treatments.
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