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A non-metastatic cell 1, also known as NM23 and NM23-H1, was the first gene identified among the
13 metastasis suppressor genes. While increasing research indicates the crucial role of non-metastatic
cell 1 in the development of various tumors, its biological significance in urological tumors remains
unclear. Therefore, we conducted a comprehensive analysis of the functional characteristics and
prognostic value of the non-metastatic cell 1 gene in urological tumors. Our findings revealed high
expression of non-metastatic cell 1 in five types of urological tumors, while only kidney chromophobe
renal cell carcinoma exhibited downregulation. Survival analysis demonstrated a significant
correlation between high non-metastatic cells 1 expression and poor prognosis in urological tumors.
Furthermore, we investigated the mutation status and methylation levels of non-metastatic cells 1 in
urological tumors, finding that amplification and mutation are the primary mutation types observed,
with a substantial decrease in the promoter methylation level of non-metastatic cells 1 in urological
tumor tissues. Immunoinfiltration analysis indicated a connection between aberrant non-metastatic
cell 1 expression and immune cell infiltration, including B cells, clusters of differentiation 4 T cells,
clusters of differentiation 8 T cells, neutrophils, macrophages, and dendritic cells. The functional
enrichment results suggested that non-metastatic cells 1 may contribute to genomic instability by
interfering with chromosome segregation, small nuclear ribonucleic acid binding, and spliceosome
function, which could have significant implications for the mutations and immune evasion occurring
during the development of urological tumors. In conclusion, our study comprehensively outlines the
progress, prognosis, and immune significance of non-metastatic cell 1 in human urological tumors.
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Cancer is a global health issue that significantly
impacts human health and quality of life. With the
increasing global aging population, the number of
cancer-related deaths has risen considerably. Data
has shown that cancer is the leading or second
leading cause of death before the age of 70! Among
various tumor types, genitourinary tumors, such as
Bladder Cancer (BLCA), prostate cancer, and kidney
cancer, have a higher incidence in older adults and
males, leading to a substantial societal burden®.
Therefore, the identification of valuable tumor genes
is crucial in elucidating the potential mechanisms
underlying the occurrence and development of
different genitourinary tumors.

Non-Metastatic Cell 1 (NMET1) (also known as NM23
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and NM23-H1) is the first gene identified among the
13 Metastasis Suppressor Genes (MSGs). It has been
proven to be associated with the occurrence and
development of various tumors. NMEI1 is located
on chromosome 1721 and encodes the NMEI
protein, which consists of 166 amino acids and
possesses metastasis-inhibitory functions®4. NME1
messenger Ribonucleic Acid (mRNA) expression is
reduced in highly metastatic cells. Previous studies
have found a negative correlation between NMEI
expression and metastatic potential in non-small cell
lung cancer, Ovarian Cancer (OV), breast cancer,
and liver cancerP®®., However, there is currently a
lack of relevant research on the role of NMEIL in
genitourinary tumor occurrence and development.
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This study utilized various bioinformatics methods
to assess the expression of NME1 and investigate
the potential molecular mechanisms of NMEI in
the pathogenesis and clinical prognosis of human
genitourinary tumors. The expression profiles
of NME1 and the corresponding survival status
were comprehensively analyzed using The Cancer
Genome Atlas (TCGA) and UALCAN datasets.
Additionally, gene enrichment analysis indicated
the involvement of NME1 in the occurrence and
development of genitourinary tumors. Furthermore,
the potential significance of NME1 in anti-tumor
immune response and gene alteration analysis was
explored, providing insights for further functional
experiments.

MATERIALS AND METHODS
Gene expression analysis:

The TCGA database was downloaded from UCSC
XENA (https://xenabrowser.net/datapages/) to obtain
a standardized pan-cancer dataset. R version 4.0.3
was used for the normalization of the downloaded
gene expression data, and the ggplot2 package was
used for mRNA expression differential analysis. In
addition, the Gene Expression Normal and Tumor
Tissues 2 (GENT2) database (http://gent2.appex.
kr/gent2/) was utilized to validate the differential
expression. The expression of NME1 was analyzed in
all TCGA genitourinary tumors in relation to patient
pathological staging. Furthermore, quantitative
Reverse Transcription Polymerase Chain Reaction
(qRT-PCR) was performed to examine the expression
of NMEI! in clinical pathological tissues of BLCA.
The tissue specimens were obtained from the First
Affiliated Hospital of Shihezi University in Xinjiang.
Total RNA was extracted from frozen lesion tissues
collected during surgery using the RC101 (VAZYME,
CN) reagent kit, followed by reverse transcription
using the R312 (VAZYME, CN) reagent kit. The
A260/A280 ratio was calculated to assess RNA
quality and purity. Q711 (VAZYME, CN) Beta (p)-
actin was used as the reference gene for qRT-PCR
analysis under the recommended thermal cycling
conditions. The Cycle Threshold (CT) values were
recorded, and the 2-#2°T method was employed to
calculate the relative expression of NME]1. Finally,
the protein expression level of NME1 was further
validated through immunohistochemically staining
intensity in genitourinary tumors using the Human
Protein Atlas (HPA).
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Survival analysis:

The expression of NMEI holds prognostic value
for patients, obtained through the UCSC from the
TCGA database for survival data. The TCGA tumor
patients were divided into high-expression and low-
expression groups based on cut-off values. The
survival analysis of the tumors was carried out using
the survival package and survminer package, with
the COX regression verifying the significance of the
data.

Gene alteration analysis:

Mutation characteristics the alteration frequency,
mutation types, mutation site information, and
three-dimensional structures of candidate proteins
in all TCGA tumors were collected using the
cBioPortal data. The correlation between NME1 and
Microsatellite Instability (MSI), Tumor Mutational
Burden (TMB) in urological tumors was then
calculated.

Methylation level:

The methylation data for NME1 was downloaded
from the TCGA database, and the correlation between
NMEI expression and gene promoter methylation
was analyzed for six types of urological tumors.

Infiltration of immune cells:

The TIMER algorithm was used to analyze the
correlation between NMEI expression and the level
of immune infiltration, as well as the correlation with
immune cells, in different urological tumors.

Gene enrichment:

The protein-protein interaction network was
analyzed using the BioGRID website. The top 100
genes related to NME1 were obtained from TCGA
urological tumor tissues and normal tissues using
the GEPIA2.0 software. Pearson correlation analysis
was then performed between NMET1 and the selected
genes. Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment analysis
were conducted to explore the potential biological
functions and signaling pathways of NMEI in
urological tumors. A p<0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

First, we investigated the expression levels of NMEI
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in pan-cancer using TCGA and GTEX databases. As
shown in fig. 1A, except for Kidney Chromophobe
Carcinoma (KICH) and Acute Myeloid Leukemia
(LAML), NMEI1 expression in most tumors was
significantly higher compared to adjacent normal
tissues. To supplement the validation of expression
differences due to the lack of data from some normal
tissues, we used data from the GPL570 platform in the
GENT?2 database. As shown in fig. 1B, there was no
significant difference in NMEI1 expression in Adrenal
Cortex Carcinoma (ACC),BLCA, Blood Cancer (BC),
bone cancer, Squamous Cell Carcinoma of the Head
And Neck (HNSC), kidney Clear Cell Carcinoma
(KIRC), lymph node cancer, OV, Laryngeal Cancer
(LARY), Skin Cancer (SKCM), Small Intestinal
Cancer (SIC), Splenic Cancer, Stomach Cancer
(STAD), Oral Cavity Cancer (CESC), Vaginal
Cancer (VA) and Vulvar Cancer (VUV) compared
to adjacent normal tissues. Next, fig. 1C shows that
NMEI expression in urinary system tumors such as
ACC, BLCA, Prostate Adenocarcinoma (PRAD),
KIRC, and Kidney Papillary Cell Carcinoma (KIRP)
was upregulated, while it was downregulated in
KICH. Furthermore, we explored the relationship
between NMEI1 expression and pathological stage
and lymphatic metastasis of urinary system tumor
patients. We found significant effects of NMEI
expression on the stage and metastasis of patients
in ACC, KIRP, and KIRC (fig. 1D). Experimental
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evidence from RT-PCR showed significantly
upregulated relative expression levels of NMEI
in clinical BLCA specimens compared to adjacent
tissues (fig. 1E). Finally, we further verified the
immunohistochemically staining intensity of NME1
in urinary system tumors using the Human Proteome
Atlas (HPA). The HPA results demonstrated strong
or positive expression of NME]1 primarily in BLCA,
kidney cancer, and prostate cancer tissues (fig. 1F).
In conclusion, we observed elevated expression of
NMEI1 in these tumors.

We used the R software’s survival package to
analyze the relationship between gene expression
and prognosis in each tumor. Statistical significance
of the prognosis was obtained using the logrank
test. Our findings revealed significant differences
in prognosis between high expression and 18 tumor
types, while low expression showed a significant
difference in prognosis in one specific tumor, OV
(fig. 2A). Additionally, we utilized the Kapan-Meier
package to analyze survival data of urogenital system
tumors, and the results indicated that high expression
of NME1 was associated with a poorer prognosis
in these tumors. These results suggest that NME1
may serve as a potential prognostic biomarker for
various urogenital system tumors. Specifically, the
expression profile and prognostic value of NME1 in
ACC and PRAD patients indicate its potential role as
an oncogene (fig. 2B).
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Fig. 1: (A): The differential expression of NME1 in pan-cancer based on the TCGA database; (B): GPL570 platform in the GENT2 database; (C):
The differential expression of NME1 in urogenital system tumors (ACC, BLCA, KICH, KIRC, KIRP and PRAD); (D): Differential expression of
NMEI1 in the clinical staging and metastasis of urogenital system tumors (ACC, KIRC and KIRP); (E): RT-PCR was conducted to validate the
differential RNA expression of NMET1 in clinical bladder cancer samples and (F): Pathological staining of BLCA, KIPAN, and PRAD in the HPA

database
Note: *p<0.05; **p<0.01; ***p<0.001 and ****p<0.0001
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Fig. 2: Prognostic values of NME1 expression. (A): NME1 survival analysis in pan-cancer and (B): NME1 survival analysis in urological tumors

(ACC, BLCA, KICH, KIRC, KIRP and PRAD)

Pan-cancer analysis revealed high amplification
of NME1 (>2 %) in breast infiltrating carcinoma,
mesothelioma, pancreatic adenocarcinoma, and
esophageal adenocarcinoma, with the highest
occurrence rate of "deep deletion" in malignant
melanoma at approximately 1.2 % (fig. 3A). As
shown in fig. 3B, we found that amplification and
mutation were the main mutation types of NMEI,
and they also demonstrated changes in the three-
dimensional structure of NMEIL. In addition, we
analyzed the potential association between NMEI1
gene alterations and the survival prognosis of pan-
cancer patients. However, we were unable to identify
a significant impact of NME1 gene alterations on
patient prognosis. These results require further
validation with more clinical patient data.

We further investigated the relationship between
NMEI! expression levels and TMB and MSI. The
sensitivity of tumor immune checkpoint inhibitors
is significantly related to TMB and MSI. The results
showed a significant positive correlation between
NME1 expression and tumor mutation burden in
ACC, KICH, and KIRC, with KICH having the
highest correlation coefficient (core=0.28). NMEI
expression was significantly positively associated
231
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with microsatellite instability in BLCA, KICH,
KIRC, and PRAD, with KIRC having the largest
correlation coefficient (core=0.16) (fig. 3B).

DNA methylation has been shown to affect
transcriptional repression and is involved in the
development of tumors®. Our data suggest that
the methylation level of the NMEIl promoter is
significantly decreased in urinary system tumor
tissues compared to normal tissues, indicating that
the transcriptional expression of NMEl may be
associated with changes in promoter methylation
(fig. 3C).

Recent studies have shown that immune infiltration
is associated with the occurrence, progression,
and metastasis of human cancers. Using the R
software package ESTIMATE, stromal, immune,
and ESTIMATE scores were calculated based on
gene expression for each patient in each tumor. We
obtained immune infiltration scores for six types of
urinary system tumors and used the corr.test function
from the R package psych to calculate the Pearson’s
correlation coefficient between gene expression and
immune infiltration scores in each tumor. Significant
correlations between gene expression and immune
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infiltration were observed in four cancer types.
Specifically, a significant positive correlation
was found in KICH, while significant negative
correlations were found in BLCA, KIRC, and PRAD
(fig. 4A).

Using the Timer method from the R software
package Immuno-Oncology Biological Research
(IOBR), infiltration scores of B cells, T cells Clusters
of Differentiation (CD) 4, T cells CD8, Neutrophils,
Macrophages, and DCs were re-evaluated based
on gene expression for each patient in each tumor.
Eventually, we obtained immune cell infiltration
levels for four types of urinary system tumors.
Subsequently, the corr.test function from the R
package psych was used to calculate the Pearson's
correlation coefficient between gene expression
and immune cell infiltration scores in each tumor
to determine significant correlations. Ultimately,
a significant positive correlation was observed
between PRAD infiltration and NME1 expression.
Additionally, a positive correlation was found
between NME1 expression and KICH (fig. 4B).

We found that NME1 expression was significantly
correlated with the infiltration values of B cells, T
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cells CD4, T cells CD8, Neutrophils, Macrophages,
and DCs. These results suggest that NME1 might
serve as a novel immune-related biomarker in tumor
development.

Next, we used functional enrichment analysis
to evaluate the potential molecular mechanisms
of NMEL1 in the occurrence and development of
urogenital tumors. As shown in the figure, we
obtained 53 molecules that interact with NMEI
through the BioGRID web (fig. 5A). In addition,
we obtained the top 100 genes related to urogenital
tumors and NME1 from GEPIA2.0, and performed
enrichment analysis on them. GO and KEGG
enrichment analysis suggested that NME1 might
affect genome instability by influencing chromosome
segregation, small nuclear RNA (snRNA) binding,
and spliceosome function, leading to abnormal cell
cycle, lack of cell differentiation, and excessive cell
proliferation. On the other hand, the dysfunction of
cell cycle checkpoints would disrupt the balance
between oncogenes and tumor suppressor genes,
activate cell proliferation-related pathways, and
promote excessive cell division, ultimately promoting
tumor occurrence and progression (fig. 5B).
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Fig. 3: NME1 gene mutation in various cancers. (A): NME1 mutation in tumors and its 3D structure; (B) Correlation between TMB, MSI and
NMEI1 expression in urological tumors (ACC, BLCA, KICH, KIRC, KIRP and PRAD) and (C) NME1 methylation levels in urological tumors

(ACC, BLCA, KICH, KIRC, KIRP and PRAD)
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Fig. 4: NME1 gene mutation in various cancers. (A): NME1 mutation in tumors and its 3D structure; (B) Correlation between TMB, MSI and
NMEI1 expression in urological tumors (ACC, BLCA, KICH, KIRC, KIRP and PRAD) and (C) NME1 methylation levels in urological tumors
(ACC, BLCA, KICH, KIRC, KIRP and PRAD)
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Fig. 5: Functional enrichment analysis of NME1-related genes. (A): NMEI1 interacting molecules obtained from BioGRID database and (B): GO
and KEGG enrichment analysis of NME1-related genes
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Tumormetastasisistheleading cause ofdeathin cancer
patients. In a series of tumor cohort studies, NME1
has been associated with poor prognosis, survival, and
lymph node infiltration in various cancer patients!'%!!l.
However, no relevant relationship between NMEI
and genitourinary tumors has been established. In
our study, we conducted a comprehensive analysis of
NMEI1, a metastasis-suppressive gene, in 51 different
tumors. The expression of NME1 was significantly
upregulated in tumor tissues such as BRCA, BLCA,
CESC, KIRC, KIRP, PRAD, ACC, and UCEC, but
showed low expression in tumor tissues such as
KICH, LAML, and oral cancer. Overexpression of
NMEI1 in 18 tumor types, including KIRC, KICH,
ACC, and UVM, was associated with poor prognosis.
Similarly, high expression of NME1 was correlated
with poor prognosis in genitourinary tumors. These
results suggest that NME1 may serve as a potential
prognostic marker in genitourinary tumors. NME1
may function as an oncogene in ACC and PRAD
tumors.

NMEI1 has a dual regulatory role in the process of
tumor occurrence and development. In the early
stages of tumor formation, NMEI is overexpressed
in primary tumors compared to adjacent non-
tumor tissues, but its expression is subsequently
downregulated during metastasis development!!?,
NMEI1 has multiple effects in regulating metastasis
cascade steps, including cell migration!"!, growth
and  differentiation!!*!3]  signal  transduction,
transcription  regulation!'®8],  and  apoptosis.
Additionally, NMEI1 has other molecular activities,
such as histidine-dependent protein kinase (histidine
phosphorylation transferase) activity!'>?”), abnormal
nucleoside triphosphates activity?", and binding
to lipid bilayers®?!. Therefore, the NME1 gene
family exhibits multifunctionality, and its impact
on metastatic progression may be contradictory in
various cancers. Previous studies have found that
the expression of NMEI1 is negatively correlated
with metastatic potential in melanoma and
epithelial tumors such as breast, liver, colon, and
cervical cancer®?*2¢. However, in hematological
malignancies such as ovarian and prostate cancer,
the opposite relationship is observed, where
upregulation of NM23-H1 is associated with poor
prognosis?’?*l. Research on neuroblastoma has also
reported a positive correlation between NM23-H1
expression and tumor progression'®). Furthermore,
the S120G missense mutation has been found in
invasive cases, which appears to be a tumor-specific
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mutation in this tumor typel*”). However, few studies
have identified the functional connection between
NME1 and genitourinary tumor development.
Although NME1 has been shown to be upregulated
in melanoma®!, its detailed role and potential
mechanisms in genitourinary tumors remain unclear
and require further research. Our study revealed that
amplification and mutations are the main mutation
types of NME1, which can be observed in melanoma,
infiltrating breast cancer, mesothelioma, pancreatic
adenocarcinoma, and esophageal adenocarcinoma.
Additionally, the promoter methylationlevel of NME 1
was significantly decreased in genitourinary tumor
tissues. The expression of NME1 was significantly
positively correlated with tumor mutation burden
in ACC, KICH, and KIRC, and with microsatellite
instability in BLCA, KICH, KIRC, and PRAD.
Single-cell sequencing and gene enrichment analysis
indicated that genes associated with NME1 may
regulate various cancer biological functions, such as
chromosome segregation and snRNA binding.

Infiltrating immune cells play a crucial role in
regulating cancer cell recognition and tumor
growthP'32. B cells are best known for their ability
to produce antibodies, such as Immunoglobulin (Ig)
M, IgG, IgE, and IgAP?. Exhaustion of effector
B and T cells can help tumor cells evade immune
surveillance, thereby reducing the overall survival
of cancer patientsP¥. In this study, we found a close
correlation between NMEI expression and immune
cell infiltration, including B cells, T cells (CD4
and CDB8), neutrophils, macrophages, and dendritic
cells. These results suggest that NME1 may be an
effective immune therapy target, providing new
hope for clinical treatment of tumor patients. The
relationship between NME1 expression in cancer
patients and immune checkpoint is a topic that needs
to be explored further in more preclinical and clinical
trials.

In summary, utilizing comprehensive bioinformatics
analysis techniques, NMEI1 exhibits abnormal
expression in various tumor tissues and may serve
as a novel potential prognostic and immune-
related biomarker in genitourinary tumors. It plays
a significant potential role in the occurrence and
development of tumors. We explored the expression
levels of NMEI, clinical prognosis, methylation
values, gene mutations, and immune modulation in
genitourinary tumors. The results indicate that the
role of NME1 in tumors involves a complex network
regulation process that is influenced by multiple
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factors. Further experimental validation is required
to elucidate its specific biological behavior and
mechanisms.
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