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inhibitor in human cancer
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Abstract

Introduction: The role of MEG3 in human cancers remains incompletely
understood.

Objective: In this study, we elucidate the tumor-suppressive function of MEG3
across multiple cancer types, including ovarian cancer.

Methods: We systematically analyzed MEG3 expression in both tumor and normal
tissues using publicly available databases to investigate its regulatory implications
for clinical prognosis, pathological stage, tumor purity, chemotherapy resistance,
and immune cell infiltration. Furthermore, we explored the underlying regulatory
mechanisms of MEG3 by predicting upstream transcription factors and conducting
downstream functional enrichment analyses.

Results: Our findings demonstrate that MEG3 expression is significantly
downregulated in tumor tissues compared to normal counterparts. Moreover, MEG3
expression is associated with overall survival, relapse-free survival, and tumor, node,
metastasis staging across several malignancies. Notably, higher MEG3 expression is
negatively correlated with tumor purity and chemotherapy resistance. We identified
SPI1 as a potential upstream transcription factor regulating MEG3 expression.
Functional enrichment analysis revealed that MEG3 may exert its tumor-suppressive
effects through the modulation of the Hippo signaling pathway. In addition, MEG3
methylation was found to regulate the expression of genes involved in the cell
cycle of ovarian cancer cells and modulate the ovarian cancer microenvironment by
influencing immune cell infiltration.

Conclusion: These results collectively suggest that MEG3 may serve as a tumor
suppressor and represent a promising therapeutic target in human cancers.

Keywords: MEG3; Ovarian cancer; Suppressor; Tumor purity; Immune infiltration

1. Introduction

Long non-coding RNAs (IncRNAs) are RNAs with a length of more than 200 nucleotides
and without encoding peptides.! In recent years, IncRNAs have become significant
regulators in gene expression networks by controlling nuclear structure and transcription,
regulating messenger RNA (mRNA) stability, translation, and post-translational
modification in the cytoplasm.” Recent studies have shown that IncRNAs are related to
drug sensitivity and tumor purity, drawing broad consideration in the field of cancer
research.” An enormous number of studies have shown that the abnormal expression of
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IncRNAs produces a marked effect in tumorigenesis and
metastasis. The role of IncRNAs acting as oncogenes or
tumor suppressors in cancer remains controversial because
they assume various roles in different cancers.*

The IncRNA maternally expressed gene 3 (MEG3),
located on human chromosome 14q32, comprises 10 exons
and generates at least 12 distinct splice variants through
alternative splicing.” Accumulating evidence indicates
that MEG3 suppresses tumor cell growth, migration, and
invasion while promoting apoptosis through multiple
molecular mechanisms.®” Studies have demonstrated that
downregulation of MEG3 induces autophagy and enhances
cell proliferation in bladder cancer.® Conversely, restoration
of MEG3 expression inhibits cancer cell proliferation
and triggers apoptotic pathways.’” Moreover, MEG3
overexpression has been shown to significantly reduce tumor
proliferation, metastasis, and recurrence. Mechanistically,
MEGS3 contributes to the stabilization and accumulation of
the tumor suppressor p53'° and modulates genes involved in
the transforming growth factor-beta signaling pathway, which
play critical roles in cell invasion and immune regulation."
In addition, MEG3 interacts with various microRNAs
(miRs),"”" such as upregulating miR-211 to inhibit the
phosphoinositide 3-kinase (PI3K)/Akt and adenosine
monophosphate-activated protein kinase (AMPK) signaling
pathways, thereby suppressing cell proliferation, migration,
and invasion, and inducing apoptosis.**

In this study, we systematically investigated the
functional role of MEG3 in ovarian cancer by comparing
its expression levels between human ovarian cancer
tissues and adjacent normal tissues. We further evaluated
the association between MEG3 expression and clinical
prognosis, tumor purity, and its potential implications
for chemotherapy selection. Subsequently, we predicted
upstream  transcription  factors regulating MEGS3
expression and performed functional enrichment analysis
in the context of ovarian cancer. Finally, we examined the
correlation between MEG3 expression and immune cell
infiltration within the tumor microenvironment. This
research contributes to the understanding of the antitumor
impact of MEG3 in human cancer and guides the
prevention of tumor development and clinical treatment.

2. Materials and methods

2.1. Gene Expression Profiling Interactive Analysis
(GEPIA) database

The GEPIA web server (http://gepia.cancer-pku.cn) is a
publicly accessible platform designed for the analysis of
gene expression profiles in tumor and normal tissues based
on data from The Cancer Genome Atlas (TCGA). In this
study, GEPIA was utilized to validate the expression levels

of MEG3 across various human cancers and corresponding
normal tissues. In addition, the association between MEG3
expression and tumor, node, metastasis (TNM) stage was
assessed using this platform.

2.2. Kaplan-Meier plotter database

The Kaplan-Meier plotter (http://kmplot.com/analysis/
index.php?p=background) is an online platform for
survival analysis that provides comprehensive and well-
curated datasets. It was employed in this study to evaluate
overall survival (OS) and relapse-free survival (RES)
outcomes. We chose the best cutoft as the threshold to
distinguish high-risk and low-risk groups.

2.3. LinkedOmics database

The association between MEG3 expression and tumor
purity across multiple cancer types was investigated using
the LinkedOmics platform (http://www.linkedomics.org/
login.php). This platform was further utilized to perform
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analyses of genes correlated
with MEG3 expression in ovarian cancer. The GO analysis
encompassed three domains: Biological process (BP),
cellular component (CC), and molecular function (MF).

2.4. Cancer Cell Line Encyclopedia (CCLE) database

The CCLE database (https://sites.broadinstitute.org/ccle)
is a comprehensive online resource that provides gene
expression, methylation, gene mutation, copy number
variation, and chemoresistance data for various cancer cell
lines. It was utilized in this study to investigate resistance
to chemotherapeutic agents and to elucidate the regulatory
impact of MEG3 methylation on the expression of
associated genes.

2.5. Prediction and verification of MEG3
transcription factor

The JASPAR database (http://jaspar.genereg.net) was
employed to predict transcription factors and their
corresponding binding sites that may regulate MEG3
expression by analyzing the nucleotide sequence of the
MEG3 promoter region. The predicted results were
subsequently validated using the Cistrome Data Browser
(http://cistrome.org/db/).

2.6. Tumor Immune Estimation Resource (TIMER)
database

TIMER (http://timer.cistrome.org) is a comprehensive
resource for the systematic analysis of immune infiltration
across diverse cancer types. It was applied to analyze
the correlation between MEG3 expression, immune
infiltration, and immune cell biomarkers in ovarian cancer.
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2.7. Statistical analysis

Statistical analyses were performed automatically through
the online databases utilized in this study. A p<0.05 was
considered statistically significant, and results with a
false discovery rate <0.05 were regarded as statistically
noteworthy.

3. Results

3.1.The expression of MEG3 is downregulated in
human pan-cancer and is related to OS, RFS, and
TNM stage

Analysis of data from TCGA revealed that MEG3 expression
was downregulated in the majority of cancer types
compared to corresponding non-tumor tissues, including
adrenocortical carcinoma (ACC), bladder urothelial
carcinoma (BLCA), breast invasive carcinoma (BRCA),
cervical squamous cell carcinoma and endocervical
adenocarcinoma (CESC), kidney chromophobe (KICH),

kidney renal papillary cell carcinoma (KIRP), liver
hepatocellular carcinoma (LIHC), lung adenocarcinoma,
lung squamous cell carcinoma (LUSC), ovarian serous
cystadenocarcinoma (OV), pancreatic adenocarcinoma
(PAAD), rectum adenocarcinoma (READ), stomach
adenocarcinoma (STAD), thyroid carcinoma (THCA),
uterine corpus endometrial carcinoma (UCEC), and uterine
carcinosarcoma. The difference in MEG3 expression was
particularly pronounced in gynecological malignancies
(Figure 1). Furthermore, survival analysis demonstrated
that MEG3 expression was significantly associated with OS
and RFS. Patients with high MEG3 expression exhibited
poorer OS in BLCA, KIRP, STAD, and THCA, as well as
reduced RFS in CESC and STAD, compared to those with
low expression. In contrast, elevated MEG3 expression was
linked to improved OS in PAAD and READ, and enhanced
RFS in BLCA, LIHC, LUSC, and PAAD (Figure 2). In
addition, MEG3 expression in TNM stage II tumors was
significantly lower than in stage I tumors in certain cancers,
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Figure 1. MEG3 expression is downregulated in human pan-cancers, including ACC, BLCA, BRCA, CESC, KICH, KIRP, LIHC, LUAD, LUSC, OV, PAAD,
READ, STAD, THCA, UCEC, and UCS. The red columns indicate the expression levels of MEG3 in cancer tissues, and the blue columns represent normal
tissues.

Note: *p<0.05.

Abbreviations: ACC: Adrenocortical carcinoma; BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell
carcinoma and endocervical adenocarcinoma; KICH: Kidney chromophobe; KIRP: Kidney renal papillary cell carcinoma; LIHC: Liver hepatocellular
carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; MEG3: Maternally expressed gene 3; OV: Ovarian serous
cystadenocarcinoma; PAAD: Pancreatic adenocarcinoma; READ: Rectum adenocarcinoma; STAD: Stomach adenocarcinoma; THCA: Thyroid carcinoma;
UCEC: Uterine corpus endometrial carcinoma; UCS: Uterine carcinosarcoma.
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Figure 2. MEG3 expression is associated with OS and RFS. High expression of MEG3 correlates with worse OS in BLCA (A), KIRP (B), STAD (C),
THCA (D), as well as better OS in PAAD (E), READ (F) than those with low expression levels. High expression of MEG3 correlates with worse RFS in
CESC (G), STAD (H), as well as better RES in BLCA (I), LIHC (J), LUSC (K), PAAD (L) than those with low expression levels.

Note: All p<0.05.

Abbreviations: BLCA: Bladder urothelial carcinoma; CESC: Cervical squamous cell carcinoma and endocervical adenocarcinoma; HR: Hazard ratio;
KIRP: Kidney renal papillary cell carcinoma; LIHC: Liver hepatocellular carcinoma; LUSC: Lung squamous cell carcinoma; MEG3: Maternally expressed
gene 3; OS: Overall survival; PAAD: Pancreatic adenocarcinoma; READ: Rectum adenocarcinoma; RFS: Relapse-free survival; STAD: Stomach

adenocarcinoma; THCA: Thyroid carcinoma.

including ACC, KICH, THCA, and BRCA. Similarly, in
ovarian cancer (e.g., OV), MEG3 levels were lower in TNM
stage IIB compared to stage IIA (Figure 3).

3.2. MEG3 negatively affects the purity of tumors

The LinkedOmics platform was further utilized to
investigate the association between MEG3 expression
and tumor purity. The results revealed that high MEG3
expression was correlated with reduced tumor purity in
BLCA (Spearman correlation = —0.35), BRCA (Spearman
correlation = —0.37), CESC (Spearman correlation = —0.24),
KICH (Spearman correlation = —0.51), OV (Spearman
correlation = —0.13), PRAD (Spearman correlation = —0.30),
THCA (Spearman correlation -0.44), and UCEC
(Spearman correlation = —0.30). These findings suggest
that MEG3 negatively regulates tumor purity (Figure 4).

3.3. MEG3 inhibits chemoresistance in human cancer

The CCLE database was utilized to explore the association
between MEG3 expression and chemotherapeutic
resistance across pan-cancer types. The results showed
that high MEG3 expression was correlated with lower
IC50 values for dactinomycin (Pearson correlation =
—0.45), tozasertib (Pearson correlation -0.33),
ERK5-IN-1 (Pearson correlation -0.24), paclitaxel
(Pearson correlation -0.19), YK-4-279 (Pearson
correlation —0.18), APR-246 (Pearson correlation
= -0.17), lapatinib (Pearson correlation —-0.14),
dinaciclib (Pearson correlation = —0.13), and afatinib
(Pearson correlation = —0.13), indicating enhanced drug
sensitivity (Figure 5). These findings suggest that MEG3
may exert antitumor effects by reversing resistance to
chemotherapeutic agents.
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Figure 3. High expression of MEG3 correlates with low tumor, node, metastasis (TNM) stage in human cancer. Expression of MEG3 is lower in more
advanced TNM stage in ACC (A), KICH (B), THCA (C), OV (D), and BRCA (E) than their low-TNM-stage counterparts.

Note: All p<0.05.

Abbreviations: ACC: Adrenocortical carcinoma; BRCA: Breast invasive carcinoma; KICH: Kidney chromophobe; MEG3: Maternally expressed gene 3;
OV: Ovarian serous cystadenocarcinoma; THCA: Thyroid carcinoma.
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Figure 4. High expression of MEG3 leads to a decrease in tumor purity in human cancers. MEG3 reversely controls tumor purity in BLAC (A), BRCA (B),
CESC (C), KICH (D), PRAD (E), OV (F), THCA (G), and UCEC (H).

Note: All p<0.01.

Abbreviations: BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell carcinoma and endocervical
adenocarcinoma; KICH: Kidney chromophobe; MEG3: Maternally expressed gene 3; OV: Ovarian serous cystadenocarcinoma; PRAD: Prostate
adenocarcinoma; THCA: Thyroid carcinoma; UCEC: Uterine corpus endometrial carcinoma.
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Figure 5. MEG3 reverses chemoresistance in human cancer. High expression of MEG3 correlates with low IC50 of chemotherapeutic drugs, including
dactinomycin (A), tozasertib (B), ERK5-IN-1 (C), paclitaxel (D), YK-4-279 (E), APR-246 (F), lapatinib (G), dinaciclib (H), and afatinib (I).

Note: All p<0.05.
Abbreviation: MEG3: Maternally expressed gene 3.

3.4.SPI1 acts as a transcription factor of MEG3

The JASPAR database was employed to predict potential
transcription factors that may regulate MEG3 expression.
The results revealed the top 10 transcription factors and
their corresponding binding sites with the strongest
predicted associations (Figure 6A). Among these, SPI1
exhibited the highest correlation, and its putative binding
site within the MEG3 promoter region is presented in
Figure 6B. To validate these predictions, the Cistrome
Data Browser database was utilized. A DNA-binding
peak between SPI1 and the MEG3 promoter region was
observed across multiple cell lines (Figure 6C), further
supporting the role of SPII as a transcription factor that
binds to and regulates MEG3 expression.

3.5. MEG3 plays important biological functions in
ovarian cancer

The differential expression of MEG3 between tumor and
normal tissues is most pronounced in ovarian cancer

compared to other cancer types. Therefore, we focused on
investigating the potential biological functions of MEG3
in ovarian cancer. GO functional enrichment analysis
was performed to explore the biological roles of MEG3
co-expressed genes. The results revealed that enriched
functions were primarily associated with translational
elongation (GO:0006414), nicotinamide adenine dinucleotide
(NADH) dehydrogenase complex assembly (GO:0010257),
and mitochondrial respiratory chain complex assembly
(GO:0033108) for BP; respiratory chain (GO:0070469),
oxidoreductase complex (GO:1990204), and NADH
dehydrogenasecomplex(G0:0030964)for CC;andstructural
constituent of ribosome (GO:0003735), ribosomal RNA
binding (GO:0019843), and oxidoreductase activity, acting
on NAD(P)H (GO:0016651) for MF (Table 1). Subsequent
KEGG pathway enrichment analysis indicated that mRNAs
positively co-expressed with MEG3 were predominantly
enriched in glycosaminoglycan biosynthesis, extracellular
matrix (ECM)-receptor interaction, and nicotine addiction
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Name Score Relative score Start End Predicted sequence B Name Score Relative score Start End Strand Predicted sequence
MA0080.2.SPI1 11.54 1.00 1301 1307 AGGAAGT MA0080.2.SPI1 11.54 1.00 1301 1307 + AGGAAGT
MAO0152.1.NFATC2 11.36 1.00 341 347 CCA MA0080.2.SPI1 8.328 0.89 82 88 AGGAAGG
MAO152.1.NFATC2  11.36 1.00 577 583 TTTTCCA MA0080.2.SPI1 7.819 0.88 517 523 - AGGAATT
MA0104.1.Mycn 10.53 1.00 1560 1565 CACGTG MA0080.2.SPI1 7.015 0.85 369 375 + GGGAAGC
MA0081.1.SPIB 10.47 1.00 510 516 AGAGGAA MA0080.2.SPI1 6.972 0.85 219 225 GGGAAAT
MA0081.1.SPIB 10.47 1.00 1299 1305 AGAGGAA MA0080.2.SPI1 6.972 0.85 1832 1838 v GGGAAAT
MA0498.2. MEIS1 10.35 1.00 472 478 TTGACAG MA0080.2.SPI1 6.792 0.84 768 774 + AGGCAGT
MA0004.1.Arnt 10.35 1.00 1560 1565 CACGTG MA0080.2.SPI1 6.792 0.84 1592 1598 + AGGGAGT
MAO0151.1.Arid3a 9.84 1.00 1617 1522 ATTAAA MA0080.2.SPI1 6.496 0.83 20 26 - GGGAAGA
MAO0130.1.ZNF354C  8.92 1.00 1661 1666 ATCCAC MA0080.2.SPI1 6.496 0.83 721 727 — GGGAAGA
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Figure 6. SPI1 acts as a transcription factor of MEG3. (A) The top 10 transcription factors of MEG3 and the binding sites with the strongest correlation.
(B) SPI1 binding site prediction provided by the JASPAR database. (C) SPI1 binds in the MEG3 promoter locus in TSU-1621-MT, ME-1, and K562 from

the Cistrome Data Browser databases.
Abbreviation: MEG3: Maternally expressed gene 3.

Table 1. Enriched Gene Oncology (GO) items

Enriched category Description Count NES p-value FDR
Biological process
GO: 0006414 Translational elongation 123 -3.359 <0.0001 <0.0001
GO: 0010257 NADH dehydrogenase complex assembly 49 -3.184 <0.0001 <0.0001
GO: 0033108 Mitochondrial respiratory chain complex assembly 68 -3.118 <0.0001 <0.0001
Cellular components
GO: 0070469 Respiratory chain 84 -3.271 <0.0001 <0.0001
GO: 1990204 Oxidoreductase complex 95 -3.260 <0.0001 <0.0001
GO: 0030964 NADH dehydrogenase complex 43 -3.098 <0.0001 <0.0001
Molecular function
GO: 0003735 Structural constituent of the ribosome 153 -3.828 <0.0001 <0.0001
GO: 0019843 rRNA binding 59 -2.726 <0.0001 <0.0001
GO: 0016651 Oxidoreductase activity, acting on NAD (P) H 96 -2.720 <0.0001 <0.0001

Abbreviations: FDR: False discovery rate; NADH: Nicotinamide adenine dinucleotide; NES: Normalized enrichment score; rRNA: Ribosomal RNA.

(Figure 7A). In contrast, mRNAs negatively co-expressed
with MEG3 were significantly enriched in ribosome,
proteasome, and oxidative phosphorylation, as determined
by the over-representation analysis (ORA) method
(Figure 7B). Similarly, pathways such as ECM-receptor
interaction, basal cell carcinoma, focal adhesion, ribosome,
proteasome, oxidative phosphorylation, DNA replication,
and graft-versus-host disease were also identified in the
Gene Set Enrichment Analysis (GSEA) results (Figure 7C).

Notably, the Hippo signaling pathway emerged as a
significant pathway in the KEGG enrichment outcomes.
The detailed pathway activation pattern is illustrated in
Figure 7D.

3.6. MEG3 methylation directs the expression of cell
cycle-related genes in ovarian cancer

Data on MEG3 methylation and expression profiles of
related genes in 18 high-grade serous ovarian cancer cell
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Figure 7. MEG3 plays important biological functions in ovarian cancer. The Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment results of
messenger RNAs positively (A) and negatively (B) co-expressed with MEG3 by the ORA method and Gene Set Enrichment Analysis (GSEA) method (C).

(D) Hippo signaling pathway diagram.

Abbreviations: ORA: Over-representation analysis; MEG3: Maternally expressed gene 3.

lines were obtained from the CCLE database. Analysis
revealed that increased MEG3 methylation was positively
correlated with elevated expression of cell cycle-associated
genes in ovarian cancer cell lines, including cyclin E2
(CCNE2; Pearson correlation = 0.54), cyclin O (CCNO;
Pearson correlation = 0.49), cell division cycle 14A
(CDCI14A; Pearson correlation = 0.62), cell division cycle
73 (CDC73; Pearson correlation = 0.48), cyclin-dependent
kinase-like 1 (CDKLI; Pearson correlation = 0.64), and
cell growth regulator with ring finger domain 1 (CGRRFI;
Pearson correlation = 0.54) (Figure 8).

3.7. MEG3 regulates immune cell infiltration and
immune biomarkers in ovarian cancer

Tumor microenvironment and immune infiltration are
important factors influencing the prognosis of patients.
To explore the interaction between MEG3 and immune
infiltration, the expression of MEG3 and the level of
immune cell infiltration were downloaded from the TIMER
database. MEG3 expression was positively associated with
natural killer (NK) cells (Spearman correlation = 0.29),
neutrophil cells (Spearman correlation=0.28), macrophages
(Spearman correlation = 0.21), and monocytes (Spearman
correlation = 0.13). Conversely, MEG3 expression was
negatively associated with B cells (Spearman correlation
= —0.27), CD4* T cells (Spearman correlation = —0.25),
CD8* T cells (Spearman correlation = —0.22), and myeloid
dendritic cells (Spearman correlation = -0.22) in OV
(Figure 9). Next, for further researching the role of MEG3

in tumor immunity, we probed into the connection
between MEG3 expression and immune cell biomarkers.
As displayed in Table 2, MEG3 was significantly positively
correlated with biomarkers of neutrophil cells (CD66D),
macrophage cells (INOS), and Th17 cells (STAT3), and
negatively correlated with biomarkers of T cells (CD2,
CD3D, CD3E), CD8+ T cells (CD8A), Th1 cells (TBET),
dendritic cells (HLA-DPA1, HLA-DPBI1, HLA-DQBI,
HLA-DRA), and immune checkpoint (CTLA4, GZMB,
TIM3).

4, Discussion

Cancer is a major global public health problem® with
complicated pathogenesis, which is associated with
multiple gene mutations, epigenetic changes, and
chromosome translocation, deletions, and amplifications.'¢
Although numerous studies have confirmed that
IncRNAs are involved in a series of processes regulating
oncogenes, tumor suppressor genes, tumor biology, tumor
proliferation, chemotherapy resistance, and metastasis,"
understanding the functions and detailed characteristics
of a large number of IncRNAs in various cancers is a
challenging task.

As an antitumor agent or tumor suppressor, MEG3
is downregulated in various tumor tissues. Our results
demonstrated that MEG3 expression was significantly
lower in tumor tissues compared to normal tissues—
findings consistent with previous reports.'® Notably, in
gynecological malignancies—including cervical cancer,
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Figure 8. The expansion of MEG3 methylation upregulates the expression of genes related to the cell cycle in ovarian cancer cell lines, including CCNE2
(A), CCNO (B), CDCI14A (C), CDC73 (D), CDKLI (E), and CGRRFI (F).

Note: All p<0.05.

Abbreviations: CCNE2: Cyclin E2; CCNO: Cyclin O; CDCI4A: Cell division cycle 14A; CDC73: Cell division cycle 73; CDKLI: Cyclin-dependent kinase-
like 1; CGRRF1I: Cell growth regulator with ring finger domain 1; MEG3: Maternally expressed gene 3.
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Figure 9. The expression of MEG3 and the level of immune cell infiltration in OV. The correlation of MEG3 expression with NK cell, neutrophil,
macrophage, monocyte, B cell, CD4* T cell, CD8" T cell, and dendritic cell infiltration levels.

Note: All p<0.01.

Abbreviations: MEG3: Maternally expressed gene 3; NK: Natural killer; OV: Ovarian serous cystadenocarcinoma.

ovarian cancer, endometrial cancer, and uterine sarcoma— Dong et al.®** and Guo et al."* demonstrated that MEG3
the differential expression of MEG3 is more pronounced. induces apoptosis by modulating the Notch signaling
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Table 2. Correlation analysis between MEG3 and biomarkers
of immune cells in ovarian serous cystadenocarcinoma
determined by the TIMER database

Immune cell Biomarker R value p-value
Neutrophil CD66b 0.26 3.39e-05
M1 macrophage INOS 0.21 1.12e-03
Th17 STAT3 0.16 1.18e-02
T cell (general) CD2 -0.19 2.42e-03
CD3D -0.25 5.28e-05
CD3E -0.18 4.28e-03
CD8'T cell CD8A -0.18 5.43e-03
Th1 TBET -0.15 1.52e-02
Dendritic cell HLA-DPAI -0.20 1.25e-03
HLA-DPBI -0.22 5.74e—04
HLA-DQBI -0.16 9.61e-03
HLA-DRA -0.26 3.55e-05
Immune checkpoint CTLA4 -0.15 1.62e-02
GZMB -0.24 1.51e-04
TIM3 -0.14 2.68e-02

Abbreviations: MEG3: Maternally expressed gene 3; TIMER: Tumor
Immune Estimation Resource.

pathway, PI3K, and its downstream proteins in endometrial
carcinoma. Wang et al.”’ showed that MEG3 inhibits
cancer cell proliferation and instigates their apoptosis
by regulating the expression of suppressor gene PTEN
in ovarian cancer. Similarly, overexpression of MEG3
inhibits cell proliferation and epithelial to mesenchymal
transition in ovarian cancer by regulating miR-219a-5p/
epidermal growth factor receptor (EGFR) axis and miR-
30e-3p.?>* The difference in MEG3 expression affects the
prognosis in different types of cancer. There is significant
heterogeneity in the metabolic profiles, signaling pathway
activities, differentiation degrees, and genomic stability
across different tumor types. This diversity arises from
variations in the tumor microenvironment, the specificity
of epigenetic modifications and regulatory networks, as
well as dynamic alterations in protein function. Decrease
in MEG3 expression is also considered to be a marker of
tumor progression in ACC, KICH, THCA, OV, and BRCA.

Chemotherapeutic agents are widely used in the clinical
management of malignant tumors, alongside surgery
and radiotherapy. Resistance to these agents represents
one of the primary factors contributing to poor patient
prognosis. Therefore, we focused on the role of MEG3 in
chemotherapeutic drug resistance. Our findings revealed
a negative correlation between MEG3 expression and the
IC50 values of multiple chemotherapeutic drugs, indicating
that higher MEG3 expression levels are associated
with increased drug sensitivity. Dactinomycin showed

the strongest association with MEG3 and is clinically
employed in the treatment of certain malignancies. It is
well-established that dactinomycin exhibits antitumor,
antibacterial, and antiviral activities. Its antitumor
mechanism involves interference with nucleic acid
synthesis and inhibition of DNA replication. In addition,
dactinomycin can induce cell differentiation and apoptosis,
suppress the activity of specific proteases, and modulate
the cell cycle.?* Dactinomycin is effective in the treatment
of neuroblastoma,” gestational trophoblastic tumor,
Hodgkin’s disease,” testicular tumors,”® and Wilms
tumor.” Moreover, it is often used in combination with
other drugs in tumor treatment; for example, the etoposide,
methotrexate, actinomycin D-cyclophosphamide,
vincristine (Oncovin) (EMA-CO) therapeutic schedule is
the most widely used multiagent regimen for gestational
trophoblastic tumor.*® MEG3 can enhance the sensitivity
and lessen the resistance of chemotherapeutic drugs,
improving the therapeutic effect and assuming a part in
repressing tumor growth.

Subsequently, SPI1 is considered the most potent
transcription factor regulating MEG3 expression.
Functional enrichment analysis revealed that MEG3-
associated genes were enriched in the Hippo signaling
pathway in ovarian cancer. The Hippo signaling pathway
regulates organ size by controlling cell proliferation,
apoptosis, and stem cell self-renewal.”’ In addition,
numerous studies have confirmed that this pathway plays
an important part in carcinostatic activities.”* It consists
of a conserved kinase cascade. In mammals, upon sensing
extracellular growth-inhibitory signals through upstream
membrane receptors, the pathway transmits signals
through a series of phosphorylation events that ultimately
inactivate the downstream effectors Yes-associated protein
and transcriptional coactivator with PDZ-binding motif
(TAZ),” thereby functioning as a key inhibitor of cell
growth. MEG3 is downregulated in ovarian tumor tissues,
concurrent with suppression of the Hippo signaling
pathway, suggesting that MEG3 may exert its antitumor
effects through the activation of this pathway.

Our study found that MEG3 methylation can affect
the expression of cell cycle and division-related genes in
ovarian cancer. CCNE2 is a member of the cyclin family
and a key regulator of the cell cycle. Its primary function
is to facilitate the transition of cells from the G0/G1 phase
to the S phase through binding to cyclin-dependent
kinase 2 (CDK2) and promoting phosphorylation of the
retinoblastoma protein. This protein plays a critical role
in cancer progression. It has been reported that CCNE2
is overexpressed in various human malignancies, and
consequently, inhibitors targeting CCNE2 have been
approved for the treatment of several cancer types.**
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CDKLY1, a serine-threonine protein kinase, functions as an
important regulator of tumor proliferation and invasion. It
has been reported that CDKL]I is upregulated in melanoma,
breast cancer, gastric cancer, and colorectal cancer.”** We
may regulate the proliferation and development of ovarian
cancer by managing the degree of MEG3 methylation.

The tumor microenvironment is a complex system,
comprising tumor cells, endothelial cells, ECM, fibroblasts,
and immune cells. All these components interact with
tumor cells as they grow. This mixture is considered
to play a considerable role in tumor growth, disease
progression, and drug resistance.”** Tumor purity is
defined as the proportion of tumor cells in tumor tissues.*
Our data showed that the expression of MEG3 was
contrarily associated with tumor purity, implying that we
can reduce the tumor purity and regulate immune cell
infiltration in the tumor microenvironment by increasing
the expression of MEG3. A variety of immune cells play
essential roles in regulating tumor growth. NK cells
were viewed as connected with immune surveillance in
1980. A few investigations have confirmed that patients
with NK cell dysfunction have a higher incidence rate of
cancer. Subsequently, many studies have found that the
function of NK cells in cancer patients was weakened.
The reduction of human NK cell activity increases the
risk of suffering from a variety of malignant tumors.*” NK
cells primarily execute the antitumor effect by secreting
cytotoxic perforin and granzyme upon activation through
cell-surface receptor-ligand interactions.* Macrophages
usually represent a double-sided function of accelerating
and restraining tumors. For example, M1 macrophages
mainly produce proinflammatory cytokines to enhance
the antitumor effect. However, M2 macrophages promote
tumor progression by inducing proliferation, angiogenesis,
ECM deposition, and cell migration.* Tumor-infiltrating
B cells exert antitumor activity through antigen
presentation and the release of granzyme. Regulatory B
cells inhibit immunity, promoting angiogenesis and tumor
development by releasing vascular endothelial growth
factor (VEGF) and interleukin (IL)-10.* The typical
antitumor immune cells are CD8" T lymphocytes, which
can recognize tumor cells in an antigen-specific way and
secrete cytotoxic molecules to kill them immediately.* In
the tumor microenvironment, dendritic cells absorb and
present antigens, resulting in the immune response of T
cells, which can affect the tumor-killing effect of T cells.*®
Importantly, the entire composition of immune cells is not
a binary antitumor or tumor-promoting environment, but
a mixture of these cell types. The eventual phenotype is
decided by the interaction between immune cells and non-
immune cells. These cells communicate with each other
through direct contact or the production of cytokines

and chemokines, and control tumor growth in the way of
autocrine and paracrine.*

We further found that MEG3 was associated with
immune checkpoints in ovarian cancer. In recent
years, immune checkpoint blocking therapy has shown
significant efficacy in the treatment of various types of
tumors.” Cytotoxic T-lymphocyte-associated protein
4 (CTLA-4) is expressed on regulatory T (Treg) and
activated T cells, sharing the B7 molecular ligand with
CD28. The combination of CTLA-4 and B7 can inhibit
the combination of B7 and CD28, interrupting T cell
activation and participating in the negative regulation of
immune response. Inhibitors targeting CTLA-4 can block
the combination of CTLA-4 and B7, thereby preventing the
generation of T cell inhibitory signals and enhancing the
specific antitumor immune response.*® Meanwhile, T-cell
immunoglobulin and mucin-domain containing-3 (TIM-
3) is a kind of T cell surface inhibitory molecule, which
can cause T cell exhaustion. Similar to CTLA-4, TIM-3 is
also one of the most studied immunotherapeutic targets
at present. It is selectively expressed in secreting T helper
cells (Th1 and Th17), Treg cells, dendritic cells, monocytes,
mast cells, NK cells, and tumor-infiltrating lymphocytes. It
is also expressed on tumor cells, such as melanoma, gastric
cancer, and B-cell lymphoma.*” As a promising inhibitory
receptor in many emerging immune checkpoints, TIM-3
hasachieved initial resultsin clinical trialsas a monotherapy
or combined with anti-programmed cell death 1 (PD-1)/
programmed cell death ligand 1 (PD-L1) drugs. The drug
types have been expanded from monoclonal antibodies to
double antibodies, and the indications cover blood tumors
and solid tumors. The future trend remains to be further
studied.”

One of the key strengths of this study lies in its
comprehensive pan-cancer analysis combined with an
in-depth investigation of ovarian cancer. Systematic
comparisons of MEG3 expression levels between tumor
and adjacent normal tissues across multiple malignancies
provide robust evidence that MEG3 is consistently
downregulated in various cancers, particularly in
gynecological tumors. Furthermore, the association
between MEG3 expressionand critical clinical parameters—
such as OS, RFS, and TNM staging—highlights its potential
prognostic significance. The integration of multiple
molecular and cellular factors—including tumor purity,
chemotherapy resistance, DNA methylation patterns, and
immune cell infiltration—enhances the analytical depth
and extends beyond conventional descriptive expression
profiling. In addition, the examination of upstream
transcriptional regulation, notably the identification
of SPI1 as a putative transcription factor modulating
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MEG3 expression, along with downstream functional
enrichment analyses implicating pathways such as Hippo
signaling, constitutes a significant strength and offers
a plausible mechanistic framework for understanding
MEG3’s role in tumorigenesis. This study provides the
first multidimensional evidence of the antitumor effects
of MEG3 in ovarian cancer, offering novel insights into
strategies for tumor prevention and clinical management.

5. Conclusion
This study revealed the antitumor effect of MEG3 as a

potential therapeutic target or tumor marker, potentially
contributing to the comprehensive prevention and treatment
of ovarian cancer.
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