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Comprehensive pan-cancer analysis of MTDH for human
tumor prognosis and as an immunological biomarker
including breast and kidney cancer
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Abstract. Metadherin (MTDH), initially discovered in
primary astrocytes of the human fetus through rapid subtrac-
tion hybridization and labeled as astrocyte elevated gene-1,
represents a widely recognized oncogene present in multiple
types of cancers. However, the role of MTDH in different
types of cancer remains unclear. To address this, a compre-
hensive analysis of MTDH across various types of cancers
was conducted by utilizing multiple databases such as The
Cancer Genome Atlas. The present analysis discovered that
MTDH exhibits differential expression in different types of
cancer and is associated with important factors including
tumor mutational burden and microsatellite instability. These
findings highlighted the significance of MTDH in the tumor
microenvironment and its involvement in the development
of immune cells in specific cancers. Furthermore, the results
of the present study indicated that the expression of MTDH
is strongly correlated with clinical prognosis, mutations and
immune cell infiltration. MTDH could serve as a potential

Correspondence to: Dr Lixian Yang, Department of Breast
Surgery, Xingtai People's Hospital, 818 Xiangdu Road, Xiangdu,
Xingtai, Hebei 054001, P.R. China
E-mail: yanglixian@hebmu.edu.cn

Abbreviations: GBM, glioblastoma multiforme; LGG, lower grade
glioma; BRCA, breast cancer; LUAD, lung adenocarcinoma; ESCA,
esophageal carcinoma; STES, stomach and esophageal carcinoma;
COAD, colon adenocarcinoma; PRAD, prostate adenocarcinoma;
STAD, stomach adenocarcinoma; HNSC, head and neck squamous
cell carcinoma; KIRC, kidney renal clear cell carcinoma; LUSC, lung
squamous cell carcinoma; LIHC, liver hepatocellular carcinoma;
SKCM, skin cutaneous melanoma; THCA, thyroid cancer; READ,
rectum adenocarcinoma; OV, ovarian serous cystadenocarcinoma;
PAAD, pancreatic adenocarcinoma; LAML, acute myeloid
leukemia; CHOL, cholangiocarcinoma; ACC, adrenocortical cancer

Key words:
pan-cancer

metadherin, prognosis, immune cell infiltration,

indicator of patient prognosis and potentially play a role in
modulating the immune system. Given its potential as a novel
immunological checkpoint, MTDH may be a viable target for
tumor immunotherapy.

Introduction

Remarkable advancements have occurred in the last few
decades regarding cancer diagnostic techniques and treatment
approaches, leading to enhanced patient survival rates and
overall well-being. Nevertheless, cancer remains a substan-
tial cause of morbidity and mortality worldwide, imposing a
considerable strain on healthcare systems and economies (1).
The tumor microenvironment (TME) plays a crucial function
in the initiation and advancement of human malignancies and
encompasses diverse cell types, including a substantial frac-
tion of infiltrating immune cells (2). The interactions between
immune components and stromal elements in TMESs remain
unclear. The identification of tumor-immune cell interactions
was made possible by the emergence of immune therapeutic
vaccines and checkpoint blockade (3). Immunotherapy has
emerged as a successful method of treating different forms of
cancer by reinvigorating the immune system of the body (4).
In contrast to conventional cancer therapies, immunotherapy
utilizes checkpoint-blocking drugs such as anti-CTLA-4,
anti-PD-1 and anti-PD-L1 to treat cancer (5). Consequently,
it is imperative to comprehensively understand various
immuno-phenotypes and authenticate novel therapeutic targets
in the realm of cancer treatment.

Metadherin (MTDH), also known as astrocyte elevated
gene-1 (AEG-1) and lysine-rich CEACAMI co-isolated, is an
integral protein of 64 kDa. MTDH was initially cloned from
primary human fetal astrocytes as a transcript induced by
human immunodeficiency virus 1 (6). MTDH plays a signifi-
cant role in the development and progression of various cancer
types including hepatocellular carcinoma (HCC), breast cancer
(BRCA), prostate cancer, gastric cancer, renal cancer, colorectal
cancer, non-small cell lung cancer, esophageal squamous cell
carcinoma and glioma. Its overexpression has been linked to
promotion of cancer invasion, angiogenesis, autophagy and
formation of metastases.In HCC,MTDH was shown to enhance


https://www.spandidos-publications.com/10.3892/ol.2024.14482

2 YANG et al: MTDH IN PAN-CANCER

cell invasion and migration, leading to increased metastatic
potential. In BRCA, MTDH expression is associated with poor
prognosis and decreased overall survival (OS) rates. In prostate
cancer, MTDH promotes angiogenesis, facilitating the growth
and spread of the tumor. In gastric cancer, MTDH contrib-
utes to tumor progression and resistance to chemotherapy.
Overall, the expression of MTDH in various cancer types is
a common factor in promoting cancer aggressiveness and the
formation of metastases. Understanding the mechanisms by
which MTDH influences these processes may provide new
insights for targeted therapies and improving patient outcomes
in these malignancies (7-11). MTDH downregulation leads to a
decrease in cell proliferation and an increase in apoptosis (12).
Conversely, overexpression of MTDH in invasive BRCA
is indicative of a negative prognosis (13,14). Additionally,
MTDH is known to enhance resistance to both chemotherapy
and tamoxifen (15-18). However, the assessment of MTDH in
prior investigations is currently restricted to only a handful of
malignancies; as a result, the overall clinical implications and
biological functions of MTDH in cancer remain ambiguous
and demand additional elucidation.

The present study aimed to thoroughly examine the
expression pattern of MTDH in various types of cancer by
utilizing publicly available transcriptional and clinical data.
Additionally, the authors performed comprehensive analyses
on discrepancies in mutations, protein levels, prognostic
significance and biological functions associated with MTDH.
Furthermore, the relationship between MTDH and infiltra-
tion of immune cells, microsatellite instability (MSI), tumor
mutational burden (TMB), immune-related genes and immune
checkpoint genes in TMEs were assessed. Moreover, in the
present study, the potential of MTDH as an immunotherapy
target for diverse forms of cancer was appraised through the
utilization of immunotherapy cohorts.

Materials and methods

Data source and availability. The possible impact of the
MTDH gene on cancer was investigated by utilization of
various databases. The UCSC Xena database (https://xena.
ucsc.edu/) provided RNA expression and clinical data from
The Cancer Genome Atlas (TCGA) and Genotype-Tissue
Expression (GTEx) (19). Information regarding DNA copy
number and methylation was obtained from the cBioPortal
database (https://www.cbioportal.org/). Reactome database
(reactome.org/) was used for enrichment analysis. CancerSEA
(biocc.hrbmu.edu.cn/CancerSEA/home.jsp) was used to
comprehensively analyze MTDH function in pan-cancer at
single-cell resolution. The expression data were standardized
by converting them to log2 (x+0.001). Comparisons of MTDH
expression profiles among different tumor types and adjacent
normal tissues were conducted using TIMER2 (20).

Cell lines and cell culture. To verify the expression of MTDH
in BRCA and kidney cancer, the normal breast cell line
MCFI10A, the BRCA cell lines MCF7, BT549 and SK-BR3,
the normal kidney cell line 293T, and the kidney cancer cell
ACHN and 786-0 were obtained from Procell Life Science &
Technology Co., Ltd. (https:/www.procell.com.cn/). The cell
lines were maintained in Dulbecco's Modified Eagle's Medium

supplemented with 10% fetal bovine serum (Procell Life
Science & Technology Co., Ltd.) and 1% penicillin-strepto-
mycin at 37°C in a 5% CO, atmosphere.

Collection of pathological samples. Between August 2021 and
April 2023, a collective of 20 BC tissues, 18 kidney cancer
tissues, along with their respective normal tissue samples, were
obtained from Xingtai People's Hospital (Xingtai, China). The
breast cancer samples were all female, aged 28-65 years, while
the kidney cancer patients included 11 men and 7 women, aged
36-68 years. Tissue samples were frozen in liquid nitrogen and
stored in a refrigerator at -80°C. Tissue sections were 7 ym thick.
Approval for the current investigation was obtained from the
Medical Ethics Committee of Xingtai People's Hospital [approval
no. 2021(031)] and the research was conducted following the
guidelines of the Declaration of Helsinki (as revised in 2013).
Written informed consent was obtained from all patients.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Cells and tissue were used to isolate
total RNA with the TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) as per the manufacturer's instructions.
The first-strand cDNA was synthesized using the Takara
PrimeScript RT reagent kit (Takara Bio, Inc.) according to the
manufacturer's instructions. The RT-qPCR assay was carried
out using the SYBR Premix Ex Taq (Takara Bio, Inc.) following
the manufacturer's protocol. The following primer pairs were
used for gPCR: MTDH forward, 5-"AAATGGGCGGACTGT
TGAAGT-3' and reverse, 5'-CTGTTTTGCACTGCTTTAGCA
T-3'; and GAPDH forward 5-GTCTCCTCTGACTTCAAC
AGCG-3' and reverse 5-ACCACCCTGTTGCTGTAGCCA
A-3'. GAPDH was utilized as a reference for relative quantifica-
tion in the experiment. The following thermocycling conditions
were used for qPCR: Initial denaturation at 95°C for 5 min;
followed by 40 cycles of denaturation at 95°C for 5 sec, 60°C for
30 sec and 72°C for 30 sec, with a final extension step at 72°C for
2 min. The relative mRNA expression was calculated using the
comparative cycle threshold (2"22°4) method (21).

Protein level analysis of MTDH in multiple cancers. The
Human Protein Atlas (HPA) database (https:/www.protein-
atlas.org/) was employed to examine the protein levels of
MTDH in both human tumor and normal tissues. Additionally,
the string database (https://string-db.org/) was utilized to
construct the protein-protein interaction (PPI) network
associated with MTDH (22). Furthermore, the Metascape
(https://metascape.org/) database was utilized for conducting
Gene Ontology (GO) enrichment analysis (23).

Evaluation of genetic alterations in MTDH. TMB was calcu-
lated using Perl scripts based on the total number of somatic
mutations per million bases. MSI scores were calculated
based on DNA-seq data from TCGA (https://www.cancer.
gov/ccg/research/genome-sequencing/tcga). The correla-
tion between MTDH expression and TMB or MSI was
assessed using Spearman's test by utilizing the ‘cor.test’
tool package of R software (https://www.r-project.org;
v.3.6.3). Radar plots showing the correlations were created
using the radar chart function of the ‘fmsb’ (cran.r-project.
org/web/packages/fmsb/index.html) package in R.



%ﬁ SPANDIDOS
'3,‘ PUBLICATIONS

Relationship between MTDH expression and survival
prognosis. To analyze the link between survival outcomes
and MTDH mRNA expression levels, the present
analysis employed both the Kaplan-Meier analysis and
the Cox proportional hazards model. The ‘maxstat’
(https://cran.r-project.org/web/packages/maxstat/) and
‘survival® (https://cran.r-project.org/web/packages/survival/)
R packages (24) were utilized for this investigation. To estab-
lish the most suitable thresholds, the ‘maxstat’ R package was
applied for the computation. The optimal thresholds were
determined using the ‘maxstat’ R package.

Tumor immune microenvironment and MTDH expression.
Data from genes linked to various immune-related pathways
such as chemokines, receptors, MHC, immunosuppressants,
immuno-stimulants, as well as immune checkpoint pathways
were extracted from each cancer sample. The gene expression
data was then used to calculate the tumor stroma score of each
patient using the ‘ESTIMATE’ R package (17). Additionally,
infiltration scores of immune-related cells in patients were
evaluated using the EPIC, Timer and quanTIseq methods from
the ‘IOBR’ R package (25).

Statistical analysis. Data were analyzed using SPSS 23.0
(IBM Corp.) and GraphPad Prism 8 (GraphPad Software,
Inc.). Pearson correlation coefficients were utilized to conduct
the correlation analysis between MTDH and all genes based
on TCGA data. Subsequently, MTDH-correlated genes were
selected for gene set enrichment analysis (12). To make group
comparisons, unpaired Student's t-test, paired Student's t-test,
Mann-Whitney U-test, or one-way ANOVA were employed.
One-way ANOVA was followed by Bonferroni's post hoc
test. Each experiment was replicated thrice and the data are
presented as the mean + standard deviation. To determine the
relationship between MTDH expression levels and patient
survival, univariate Cox analysis and Kaplan-Meier (KM)
plotter was used, followed by the log-rank test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Gene expression of MTDH. TIMER 2.0 analysis revealed that
the expression levels of MTDH were significantly increased
in BRCA, cholangiocarcinoma (CHOL), colon adenocar-
cinoma (COAD), esophageal carcinoma (ESCA), head and
neck squamous cell carcinoma (HNSC), kidney renal clear
cell carcinoma (KIRC), liver hepatocellular carcinoma
(LIHC), lung adenocarcinoma (LUAD), lung squamous cell
carcinoma (LUSC), rectum adenocarcinoma (READ) and
stomach adenocarcinoma (STAD). By contrast, the expression
of MTDH was significantly lower in thyroid cancer (THCA)
and uterine corpus endometrial carcinoma (UCEC) compared
with normal controls (Fig. 1A).

After including the normal tissues of the GTEx dataset as
controls, the difference in MTDH expression between normal and
tumor tissues was further evaluated. It was found that glioblas-
toma multiforme (GBM), lower grade glioma (LGG), GBMLGG,
BRCA, LUAD, ESCA, stomach and esophageal carcinoma
(STES), COAD, COADREAD, prostate adenocarcinoma
(PRAD), STAD,HNSC, KIRC, LUSC, LIHC, Wilms' tumor, skin
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cutaneous melanoma (SKCM), THCA, READ, ovarian serous
cystadenocarcinoma (OV), pancreatic adenocarcinoma (PAAD),
acute lymphoblastic leukemia, acute myeloid leukemia (LAML)
and CHOL showed higher expression in the tumor tissues. In
contrast with that in the control tissues, MTDH expression was
decreased in tenosynovial giant cell tumor (TGCT), uterine
carcinosarcoma (UCS), adrenocortical cancer (ACC) and kidney
chromophobe (KICH) tissues (Fig. 1B; P<0.05).

Immunohistochemistry images for MTDH protein expres-
sion in tumor and normal tissues were extracted from the HPA
database and analyzed. MTDH protein was overexpressed in
LUAD, LIHC, BRCA, KIRC, COAD and STAD, suggesting
that MTDH might play an oncogenic role in the development
of these types of cancers (Fig. 1C).

MTDH subcellular localization was obtained by immu-
nofluorescence localization of the nuclei, microtubules and
endoplasmic reticulum in A-431, U-20S and U-251 MG cells.
MTDH was located not only in microtubules and cytoplasm
but also in the nuclei (Fig. 1D). RT-qPCR analysis revealed
that in both BRCA and KIRC, the expression of MTDH was
higher in cancerous tissues or cells than in their corresponding
normal tissues or cells (Fig. 1E-H).

Associations between MTDH expression and clinicopathologic
variables. As illustrated in Fig. 2, high expression of MTDH
was significantly associated with sex in LAML (P=0.02),
SARC (P=0.03), kidney renal papillary cell carcinoma (KIRP;
P=0.00012), KICH + KIRC + KIRP (KIPAN) (P=0.00036),
LIHC (P=0.02), THCA (P=0.02) and ACC (P=0.04) (Fig.2A);
histological grade in GBMLGG (P=0.04), LGG (P=0.04),
KIPAN (P=0.0094), HNSC (P=0.03), KIRC (P=0.0094) and
PAAD (P=0.01) (Fig. 2B); tumor stage in cervical squamous
cell carcinoma and endocervical adenocarcinoma (CESC;
P=0.03), LUAD (P=0.02), BRCA (P=0.03), KIRP (P=0.01),
PRAD (P=0.0011) and KIRC (P=0.01) (Fig. 2C); pathologic
stage in KIRP (P=0.05), KIRC (P=0.03), UCS (P=0.01) and
bladder urothelial carcinoma (BLCA; P=0.02) (Fig. 2D);
N stage in BRCA (P=0.01), KIRP (P=0.0071) and PRAD
(P=0.01) (Fig. 2E); and M stage in KIRC (P=0.04) and LUSC
(P=0.02) (Fig. 2F).

DNA methylation analysis of MTDH. The present study
conducted a comparison between the methylation levels of
the MTDH promoter in normal tissues and primary tumor
tissues. By utilizing TCGA dataset, 12 tumor types [BLCA,
BRCA, LUAD, THCA, HNSC, KIRC, sarcoma (SARC),
LIHC, LUSC, PAAD, PRAD and UCEC] were analyzed as
depicted in Fig. 3A. The present analysis discovered notable
differences in methylation levels within the MTDH promoter
across various types of tumors and their corresponding
non-cancerous tissues. Significantly elevated methylation
levels were observed in SARC, PAAD, LUSC and KIRC
tumor samples compared with their respective normal tissue
counterparts. On the other hand, the methylation level of the
MTDH promoter was higher in normal tissues compared with
tumor tissues in LIHC, LUAD, HNSC, BLCA, BRCA, UCEC,
THCA and PRAD. The P-values for all the aforementioned
comparisons were P<0.05. Subsequently, a detailed analysis of
various typical RNA methylation patterns of the MTDH gene
was conducted using R software, as demonstrated in Fig. 3B.
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cancer. (A) TIMER shows the level of MTDH expression in The Cancer Genome Atlas tumors and nearby

tissues, if available. (B) Expression of MTDH in normal and cancerous tissues. (C) Representative immunohistochemistry images from the HPA database

showing MTDH protein expression in LUAD, LIHC, BRCA, KIRC, COAD and STAD tumor and normal tissues. (D) Immunofluorescence staining of the

Figure 1. Differential expression of MTDH in pan-

subcellular location of MTDH in the HPA database. (E) Comparison of MTDH mRNA expression levels between normal breast tissue and tumor tissues.

(F) Relative expression levels of MTDH mRNA in BRCA cells and a normal breast cell line. (G) Comparison of MTDH mRNA expression levels between

normal kidney tissue and tumor tissues. (H) Relative expression levels of MTDH mRNA in KIRC cells and a normal kidney cell line. "P<0.05, “P<0.01 and
“"P<0.001, “*"P<0.0005 vs. normal. MTDH, metadherin; HPA, Human Protein Atlas; LUAD, lung adenocarcinoma; LIHC, liver hepatocellular carcinoma;

BRCA, breast cancer; KIRC, kidney renal clear cell carcinoma; COAD, colon adenocarcinoma; STAD, stomach adenocarcinoma; ER, endoplasmic reticulum.
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Figure 2. MTDH expression and pan-cancer. Expression of MTDH in patients with different types of cancer of different (A) sex, (B) histological grade,

(C) tumor grade, (D) pathological stage, (E) lymph node grade and (F) metastatic stage. "P<0.05, “P<0.01 and ““P<0.001 vs. normal. MTDH, metadherin.
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Figure 3. Association between MTDH with methylation and methyltransferase. (A) The promoter methylation level of MTDH in LIHC, LUAD, HNSC, BLCA,
BRCA, UCEC, THCA, SARC, PRAD, PAAD, LUSC and KIRC. (B) The correlation between MTDH expression and m1A, m5C and m6A regulatory genes.
“P<0.05 and ““P<0.001. MTDH, metadherin; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; HNSC, head and neck squamous cell carci-
noma; BLCA, bladder urothelial carcinoma; BRCA, breast cancer; UCEC, uterine corpus endometrial carcinoma; THCA, thyroid cancer; SARC, sarcoma;
PRAD, prostate adenocarcinoma; PAAD, pancreatic adenocarcinoma; LUSC, lung squamous cell carcinoma; KIRC, kidney renal clear cell carcinoma.

ACC, OV, BRCA and GBM revealed a positive correlation  Relationship between MTDH expression and prognosis in
between MTDH expression and prevalent RNA methylation — multiple cancers. To thoroughly evaluate the association
types including M6A, M5C and M1A. between MTDH expression and prognosis in patients with
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Figure 4. Association between the expression level of MTDH and OS. (A) Forest plots showing the relationship between the expression of MTDH and OS in
33 tumor types from The Cancer Genome Atlas. (B) Kaplan-Meier curves showing the association between the expression level of MTDH and OS in KIRC,
PAAD, BRCA, LGG, GBMLGG and KICH. MTDH, metadherin; OS, overall survival; KIRC, kidney renal clear cell carcinoma; PAAD, pancreatic adeno-
carcinoma; BRCA, breast cancer; LGG, lower grade glioma; GBM, glioblastoma multiforme; KICH, kidney chromophobe; HR, hazard ratio; CI, confidence

interval.

cancer, the correlation of MTDH with survival-related factors
such as OS, progression-free survival and disease-specific
survival (DSS) was examined across 33 different types of
cancer. This analysis was conducted through the use of
univariate Cox analysis and KM techniques.

OS. The present study demonstrated significant associations
between MTDH expression and OS for 6 types of cancer, including
GBMLGG [P<0.001, hazard ratio (HR)=1.735], PAAD (P=0.003,
HR=1.857), BRCA (P=0.002, HR=1.687), LGG (P<0.001,
HR=1.84), KICH (P=0.005, HR=10.296) and KIRC (P=0.01,
HR=0.676) (Fig. 4A). Kaplan-Meier OS curves demonstrated a
significant positive association between OS and low expression
of MTDH in GBMLGG (P<0.001), PAAD (P=0.004), BRCA
(P=0.002), LGG (P<0.001) and KICH (P=0.028); however, a
significant negative association was observed between OS and
low expression of MTDH in KIRC (P=0.011) (Fig. 4B).

DSS. MTDH expression was significantly associated with
DSS in BLCA (P=0.017, HR=1.541), BRCA (P=0.042,

HR=1.565), COADREAD (P=0.018, HR=0.581), COAD
(P=0.037, HR=0.588), GBMLGG (P<0.001, HR=1.813),
KIRC (P=0.013, HR=0.615), LGG (P<0.001, HR=1.869),
mesothelioma (MESO; P=0.02, HR=2.202) PAAD (P=0.016,
HR=1.784) and uveal melanoma (UVM; P=0.049, HR=2.597)
(Fig. 5A). Kaplan-Meier curves of DSS demonstrated that
high expression of MTDH was significantly associated with
a favorable prognosis in COAD (P=0.040), COADREAD
(P=0.020) and KIRC (P=0.013), and was significantly
associated with unfavorable prognosis in PAAD (P=0.016),
MESO (P=0.020), GBMLGG (P<0.001), LGG (P<0.001),
BRCA (P=0.045), BLCA (P=0.018) and UVM (P=0.049)
(Fig. 5B).

Progress free interval (PFI). Furthermore, the present study
demonstrated significant associations between the expres-
sion level of MTDH and PFI in 10 types of cancer: ACC
(P=0.024, HR=2.075), BLCA (P=0.006, HR=1.516), CESC
(P=0.042, HR=1.636), GBMLGG (P<0.001, HR=1.616),
KICH (P=0.021, HR=6.168), KIRP (P=0.012, HR=1.998),
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Figure 5. Association between the expression of MTDH and DSS. (A) Forest plots showing the relationship between the expression of MTDH and DSS in 33
tumor types from The Cancer Genome Atlas. (B) Kaplan-Meier curves demonstrating the association between the expression of MTDH and DSS in PAAD,
MESO, GBMLGG, LGG, BRCA, BLCA, UVM, COAD, COADREAD and KIRC. MTDH, metadherin; DSS, disease-specific survival; PAAD, pancreatic
adenocarcinoma; MESO, mesothelioma; GBM, glioblastoma multiforme; LGG, lower grade glioma; BRCA, breast cancer; BLCA, bladder urothelial carci-
noma; UVM, uveal melanoma; COAD, colon adenocarcinoma; READ, rectum adenocarcinoma; KIRC, kidney renal clear cell carcinoma; HR, hazard ratio;

CI, confidence interval.

LGG (P=0.013, HR=1.418), PAAD (P=0.014, HR=1.628),
STAD (P=0.006, HR=0.600) and UVM (P=0.042,
HR=2.229) (Fig. 6A). Kaplan-Meier curves demonstrated
that higher expression level of MTDH was significantly asso-
ciated with poor PFI in ACC (P=0.024), UVM (P=0.042),
BLCA (P=0.006), PAAD (P=0.014), LGG (0.013), KIRP
(P=0.012), KICH (P=0.021), GBMLGG (P<0.001) and
CESC (P=0.042) (Fig. 6B).

Summary of patient prognosis indicators. The results collec-
tively demonstrated a notable association between expression
of MTDH and prognosis in different cancer categories, such
as BLCA, BRCA, LGG and UVM. These findings support
a possible utility of MTDH as a biomarker for forecasting
patient outcomes.

Functional enrichment analysis of MTDH in pan-cancer.
To gain an improved understanding of the functions
and mechanisms of MTDH and the 100 central genes,
Metascape was utilized to analyze GO biological processes
(BP) and Reactome gene sets. The findings indicated that

MTDH and its adjacent genes are primarily associated with
biological processes such as assembly of ribonucleoprotein
complexes, DNA-directed transcription and processing of
mRNA. The Reactome pathways that these genes partake
in include ESR-mediated signaling, pathways impacted
by adenoid cystic carcinoma and viral infection pathways
(Fig. 7A). Additionally, to explore the connection between
MTDH and various types of cancer, a PPI network was
established using data sourced from the Metascape online
platform (Fig. 7B).

Expression pattern of MTDH at single-cell levels. The
analysis of candidate molecules' functions at single-cell levels
is crucial and can be achieved using single-cell transcriptome
sequencing (25,26). Subsequently, the association between the
expression of MTDH and 14 functional states of cancer was
examined using single-cell sequencing data from CancerSEA
(biocc.hrbmu.edu.cn/CancerSEA/). Positive associations
with metastasis were observed in most types of tumors with
MTDH expression (Fig. 8A). In addition, Fig. 8B displayed the
significant correlation between the expression level of MTDH
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Figure 6. Association between the expression of MTDH and PFI. (A) Forest plots showing the relationship between MTDH expression and PFI in 33 tumor
types from The Cancer Genome Atlas. (B) Kaplan-Meier curves showing the correlation between MTDH expression and PFI in ACC, UVM, BLCA, PAAD,
LGG, KIRP, KICH, GBMLGG, CESC and STAD. MTDH, metadherin; PFI, progression-free interval; ACC, adrenocortical cancer; UVM, uveal melanoma;
BLCA, bladder urothelial carcinoma; PAAD, pancreatic adenocarcinoma; LGG, lower grade glioma; KIRP, kidney renal papillary cell carcinoma; KICH,
kidney chromophobe; GBM, glioblastoma multiforme; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; STAD, stomach adeno-

carcinoma.

and differentiation in metastasis, differentiation, proliferation,
inflammation, epithelial-to-mesenchymal transition (EMT)
and angiogenesis in AML, invasion in OV, proliferation in
RCC and stemness and EMT in prostate cancer. While in BC,
the expression of MTDH was positively related to apoptosis,
DNA repair and DNA damage (Fig. 8B).

Correlation analysis on TMB and MSI. The present study
investigated the correlation of TMB/MSI with MTDH expres-
sion. The findings demonstrated that there was a significant
positive correlation of MTDH expression with TMB in LUAD
(P=0.006), STAD (P<0.001) and STES (P<0.001), while
a significant negative correlation in THCA (P<0.001) was
observed (Fig. 9B). Moreover, it was found that MTDH expres-
sion was positively correlated with MSI in COAD (P=0.022),
STES (P<0.001) and TGCT (P=0.008) and negatively corre-
lated with MSI in BRCA (P=0.001), diffuse large B cell
lymphoma (P<0.001), LUAD (P=0.007), PRAD (P=0.002)
and THCA (P<0.001) (Fig. 9C).

Roles of MTDH on the regulation of immune cell infil-
tration. According to recent studies, it has been proven

that immune infiltration plays a crucial role in the onset,
advancement and spread of human malignancies (27-30).
Numerous computational models, including TIMER, EPIC,
QUANTISEQ, XCELL, MCPCOUNTER, CIBERSORT,
CIBERSORT-ABS and TIDE, were employed to investigate
the association between MTDH expression and the infiltra-
tion of diverse immune cell populations across various
cancer types. Remarkably, the present study uncovered a
significant positive association between neutrophil infiltra-
tion and MTDH expression specifically in cases of COAD
and THCA (Fig. 10A). In TGCT, a strong relationship
was observed between the presence of cancer-associated
fibroblasts and MTDH expression (Fig. 10B). Furthermore,
CD8H#) T cell infiltration in UVM showed a positive corre-
lation with MTDH expression (Fig. 10C). Additionally, in
SKCM, macrophage presence was linked to higher levels of
MTDH expression (Fig. 10D). These results suggested that
MTDH could serve as a promising immune-related indicator
for tumor progression.

Pearson's analysis of MTDH expression and functioning
of genes in immune regulation and immune checkpoints.
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To demonstrate the potential connections between MTDH
expression and immune status within tumors, an investiga-
tion was carried out analyzing immune-related genes and
immune infiltration patterns in the TME. The aim was to
examine the impact of MTDH on various cancers from an
immunological standpoint. The data from Fig. 11A and B
revealed a correlation between MTDH expression and a
wide range of immunoregulatory and checkpoint genes in
UVM, OV, READ, KIPAN and KIRC. Interestingly, even in
PRAD, which is typically considered a ‘cold’ tumor with low
immune activity and limited response to immunotherapy,
MTDH expression showed significant associations with
immune-related genes.

Discussion

MTDH, also known as AEG-1, is a key oncoprotein involved
in the advancement of different types of cancers. More specifi-
cally, MTDH plays a critical role in the tumor necrosis factor
alpha-induced protein 2 (TNFAIP2)-induced EMT in urothe-
lial carcinoma cells (31). Moreover, MTDH is implicated in
the regulation of the NF-kB pathway, impacting the metastatic
and proliferative capabilities of gastric cancer (32). In the case
of BRCA, the progression of the disease is closely linked to

elevated MTDH expression (33). Notably, various studies
emphasized the significant association between MTDH and
EMT in diverse cancer types, such as head and neck squamous
cell carcinoma, non-small cell lung cancer and nasopharyngeal
carcinoma (34-36).

However, limited data are available regarding the
prognostic significance of MTDH in varying types of solid
cancers. The present study also uncovered that MTDH serves
as a detrimental factor in BRCA, CHOL, COAD, ESCA,
HNSC, KIRC, LIHC, LUAD, LUSC, READ and STAD,
whereas acting as a protective element in THCA and UCEC,
indicating that MTDH possessed contrasting roles in different
cancer types. Varied levels of MTDH expression may signify
distinctive underlying mechanisms and functions in disparate
tumor categories. The authors were interested in the mecha-
nism of action of MTDH in BRCA and kidney cancer because
of the differential expression of MTDH in both BRCA and
kidney cancer from previous studies in the literature and
bioinformatics analyses, and the significant effect on their
prognosis (13,37). Through RT-qPCR analysis, the present
study evaluated MTDH expression in BRCA and renal clear
cell carcinoma tissues and cell lines, confirming that MTDH
levels were elevated in these tissues and cell lines compared
with their normal counterparts.
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Subsequently, the association between MTDH expression =~ KIPAN, THCA and ACC were higher in women. However,
and sex in pan-cancer was investigated. It was noticed that  the underlying mechanism remains to be further explored. In
LAML and LIHC were higher in men, while SARC, KIRP, addition, MTDH expression was positively connected with
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histological grade in GBMLGG, LGG, KIPAN, HNSC, KIRC
and PAAD. Furthermore, the expression of MTDH associated
with the T stage in CESC, LUAD, BRCA, KIRP, PRAD and
KIRC, N stage in BRCA, KIRP and PRAD, M stage in KIRC
and LUSC, and pathological stage in KIRP, KIRP, UCS and
BLCA, further suggesting that it plays a pivotal role in tumor
development.

To investigate the underlying reasons behind the high
expression of MTDH across multiple types of cancer, the
present study involved the analysis of the methylation of the
DNA promoter as well as RNA modifications including m1A,
m2C and m6A methylation. The present findings revealed
patterns of hypomethylation within the promoter region of
MTDH in diverse cancer tissues. This observation provides
some insight into the potential explanation for the overexpres-
sion of MTDH mRNA in these cancer types. Additionally, it
is worth noting that RNA m6A methylation serves as a crucial
mechanism that influences the regulation of RNA expression.
In the current study, a total of 21 genes related to RNA m6A
methylation were collected and a comprehensive correlation
analysis was conducted to explore the relationship between
MTDH and these m6A methylation-associated genes across
various types of cancers. The results from this analysis revealed
a significant and consistent association between MTDH and
m6A methylation-related genes in the context of pan-cancer.
This discovery strongly suggested that the mechanism under-
lying m6A methylation could have a crucial role in governing
the expression of MTDH in cancerous tissues. Zhang et al (38)

further demonstrated that the pathway involving MTDH, m6A
RNA methylation and EMT might contribute to the develop-
ment of immunotherapy resistance in BRCA, while the present
study focused on the validation of MTDH in BRCA and kidney
cancer, as well as the functional clustering of MTDH-related
genes in GO and Kyoto Encyclopedia of Genes and Genomes,
which has its own unique innovation points.

Cox proportional hazards model analysis (including OS,
DSS and PFI) and Kaplan-Meier analysis were conducted to
investigate the prognostic significance of MTDH expression
in pan-cancer. The analysis revealed an association between
the high expression of MTDH in GBMLGG, PAAD, BRCA,
LGG, KICH and a positive impact on OS. Interestingly, the
expression of MTDH was negatively correlated with OS of
KIRC, and the mechanism remains to be further studied. An
association was observed between elevated MTDH levels and
unfavorable DSS in PAAD, MESO, GBMLGG, LGG, BRCA,
BLCA and UVM. Additionally, the PFI findings demonstrated
that MTDH posed a significant risk factor for patients with
ACC, UVM, BLCA, PAAD, LGG, KIRP, KICH, GBMLGG
and CESC. MTDH overexpression influences the bleak prog-
nosis of BRCA, and thereby, targeting MTDH was proposed
as a potential therapy for this disease according to a previous
investigation (13). Given these findings, it was hypothesized
that MTDH inhibition could serve as a promising approach for
therapeutic targets in various tumor types.

There have been substantial advancements and
numerous significant breakthroughs in the field of cancer
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Figure 10. Correlation analysis between metadherin expression and (A and B) T cell, (C) B cell and (D) macrophage ydelta.
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Figure 11. Correlation between the expression of MTDH and chemokine, chemokine receptor, MHC, immunostimulatory, immuno-inhibitory and immune
checkpoints. (A) Correlation between the expression of MTDH and chemokine, chemokine receptor, MHC, immuno-stimulator, and immuno-inhibitor.
(B) Correlation between the expression of MTDH and immune checkpoints. "P<0.05. MTDH, metadherin; MHC, major histocompatibility complex.

immunotherapy over the past few decades. These advance-
ments have led to improved clinical outcomes for patients
with different types of cancer (39). The application of immu-
notherapy in the treatment of tumors has not only enhanced
the overall quality of life but also improved the survival
rates (40). However, it is crucial to note that the immunosup-
pressive nature of the TME can promote tumor progression,
invasion and resistance to therapy (41). Tumor cells can
evade immune detection by activating immune checkpoints,
leading to a potential decrease in T cell effectiveness against
these cells. The field of cancer immunotherapy has seen
significant advancements with the development of immune
checkpoint inhibitors, offering a promising strategy. The use
of high-throughput sequencing technologies has led to the
identification of numerous new immune checkpoints (42).
The present research set out to explore the potential of
MTDH as an innovative target for immunotherapy in the
TME. The current study findings indicated a strong link

between elevated MTDH levels and estimation, stromal
and immune scores. Moreover, a direct connection between
MTDH expression and both MSI and TMB was noticed.
Furthermore, a thorough evaluation of MTDH along with
other immune checkpoints was carried out. The outcomes
displayed a favorable relationship between MTDH and
various immune checkpoints, showing that MTDH expres-
sion correlated with the majority of immunoregulatory genes
and checkpoint genes in UVM, OV, READ, KIPAN, KIRC
and PRAD. This in-depth analysis provided evidence for
the potential of MTDH in signaling the immune microenvi-
ronment. Additionally, MTDH demonstrated potential as a
prognostic marker for the immunotherapy response.

In TMEs, the presence of inflammatory cells can either
facilitate or hinder tumor growth as well as the efficacy of
anti-tumor immunotherapy. It is of utmost importance to
comprehend the role played by these cells in the development of
effective cancer treatments (43). T cells, an essential component



; DIDOS
EJ PUBLICATIONS

of the defense of the adaptive immune system against cancer,
play a critical role. Regulatory T cells (Tregs), essential in
creating immunosuppressive surroundings, inhibit the differ-
entiation and activation of CD4(+) helper T cells and CD8(+)
cytotoxic T cells (44). Throughout the immune response to
tumors, Tregs secrete cytokines such as IL-35, TGF-p and
IL-10. These cytokines inhibit the ability of the body to fight
against tumors and support the growth and development of
cancer (45). Tumor-associated macrophages (TAMs), a crucial
component of TMEs, can regulate inflammation. Additionally,
TAMs possess the capability to either aid, impede, or initiate
tumor development through the secretion of cytokines and
modulation of other immune cells (46,47). Growing research
indicates that macrophages associated with tumors, specifically
the M2 subtype, are crucial in fostering an immune-suppressive
TME by aiding in the enlistment of Tregs and hindering the
development and activity of T cells (48,49). Tumor-associated
neutrophils exhibit diverse effects on tumor immunity based
on their subtypes, which can either be anti-tumorigenic
or pro-tumorigenic, as indicated by several studies (50).
Non-neoplastic cells necessitate the presence of tumor mesen-
chyme's essential elements known as cancer-related fibroblasts
(CAFs). Their significance lies in their ability to advance tumor
progression and metastasis through their support to cancer cell
growth, invasion and survival. CAFs employ diverse intricate
mechanisms to interact with tumor cells, such as the secretion
of extracellular matrix, growth factors and cytokines (50).
The present study delved into the correlation between MTDH
and the presence of inflammatory cells in the TME. It was
found that MTDH demonstrates a significant association with
various types of inflammatory cells across different cancer
types, including macrophages, M2 macrophages, T cells,
Tregs, CAFs, monocytes, neutrophils and natural killer cells.
These results indicated that MTDH is closely linked to both
tumor cells and the surrounding stromal cells within the TME.
Furthermore, MTDH has been identified to play a crucial role
in several immune-related pathways, influencing the prolifera-
tion, activation and migration of mast cells, T cells, fibroblasts
and macrophages. Overall, the current findings strongly
suggested that MTDH contributes to the development of an
immunosuppressive microenvironment in cancer.

Using CancerSEA, pan-cancer single-cell investigations
on MTDH were conducted. The current analysis revealed a
positive correlation between MTDH and apoptosis, as well as
DNA repair, in certain tumor types. Across different cancer
categories, MTDH was found to stimulate MAPK, PI3K/AKT
and WNT/b-catenin pathways, ultimately encouraging various
indicators of aggressive cancer traits. These characteristics
include tumor expansion, spread, angiogenesis and resilience
against chemotherapy (10,51).

In general, it is important to consider the limitations of the
present study. Initially, it is essential to note that these findings
primarily stem from bioinformatics analysis. To ascertain the
potential function of MTDH, it is necessary to conduct in vivo and
in vitro experiments. Additionally, it is imperative to acknowledge
that systematic bias may have been introduced by the utilization of
microarray and sequencing data from various databases. Another
limitation is the retrospective nature of the data employed in
the present study. Therefore, for further validation, prospective
studies should be conducted. The relevant experimental studies in
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the present study are only for two cancer types, BRCA and kidney
cancer, and the authors will continue to explore the function of
MTDH in other cancer types in the future.

In conclusion, upregulation of MTDH was significantly
associated with prognosis, immune cell infiltration, mutations
of tumor-associated genes and its promoter methylation in
multiple cancers, especially BRCA and renal cancer. MTDH
may act as a novel biomarker for survival and immunotherapy
across cancers in the immediate future.
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