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Abstract. UTP4 is a critical component of ribosome
biogenesis, and its dysregulation may contribute to cancer
development. However, the role of UTP4 in cancer remains
unclear. The present study comprehensively investigated
the expression and prognostic significance of UTP4 across
multiple cancers, with a particular focus on gastric cancer
(GC). Integrated bioinformatics analysis of public datasets,
including The Cancer Genome Atlas, revealed that UTP4
is frequently overexpressed in various tumors and associ-
ated with poor prognosis. Further analysis uncovered its
correlations with genetic mutations, immune infiltration and
immune checkpoint expression. Based on these findings and
CRISPR-Cas9 screening predictions, the functional role of
UTP4 in GC cells was experimentally validated. The results
demonstrated that UTP4 knockdown significantly inhibited
cell proliferation, migration and invasion. These findings
highlight UTP4 as a novel pan-cancer biomarker and poten-
tial therapeutic target, providing a foundation for further
clinical investigations.

Introduction

The rising incidence of early-onset cancer has become a
critical global health concern, with the age at diagnosis
continuously decreasing. Gastric cancer (GC), ranked
as the fifth most common malignancy globally, presents
substantial clinical challenges due to its frequently hidden
early symptoms and the absence of effective diagnostic
tools (1,2). Consequently, numerous patients are diagnosed at
an advanced stage, resulting in a poor five-year survival rate
of ~20-30% (3,4).
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Despite therapeutic progress, including surgery, chemo-
therapy, radiotherapy and immunotherapy, the management of
GCremains challenging. Tumor heterogeneity,a complex tumor
microenvironment (TME), and frequent therapeutic resistance
often result in recurrence and unfavorable outcomes (5-9).
Therefore, identifying biomarkers that accurately predict
therapeutic efficacy in GC is imperative.

Recent studies emphasize the critical role of ribosome
biogenesis (RB) in cancer development. This complex process
involves the synthesis, modification, and assembly of ribosomal
RNA (rRNA). RB is fundamental to cellular function and is
tightly regulated. UTP4, also known as CIRH1A, functions as a
ribosomal RNA processing factor involved in the biosynthesis
of the small ribosomal subunit (10). Elevated UTP4 expression
levels have been closely associated with tumor growth and
disease progression across multiple cancer types.

For instance, reduced UTP4 expression has been shown
to significantly inhibit ribosome synthesis (11). Additionally,
mutations in the UTP4 gene are linked to North American
Indian Childhood Cirrhosis (NAIC), further highlighting
its essential role in RB (12,13). In colorectal cancer (CRC)
cells, RNA interference (RNAi)-mediated suppression of
UTP4 notably decreased cell proliferation and promoted
apoptosis (14). Similarly, in gliomas, high levels of UTP4 have
been strongly correlated with rapid tumor progression and
poor clinical outcomes (15). These collective findings suggest
that UTP4 serves as a pivotal regulator in RB and potentially
contributes to cancer progression.

The present study aims to evaluate UTP4 as a pan-cancer
prognostic biomarker and to validate its biological functions in
GC. By utilizing multi-omics data from TCGA and other data-
bases, the expression patterns of UTP4 were comprehensively
analyzed across multiple cancer types and its associations with
patient prognosis were examined. Additionally, through in vitro
experiments, the influence of UTP4 on GC cell proliferation,
migration and invasion was explored. The present findings offer
novel insights into UTP4's role in cancer biology and underscore its
potential as a prognostic biomarker and therapeutic target for GC.

Materials and methods

Data collection. RNA sequencing data and clinical
details regarding UTP4 were retrieved from The Cancer
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Genome Atlas (TCGA) database (http://cancergenome.
nih.gov/). Protein expression data were obtained from the
UALCAN database (http://ualcan.path.uab.edu/index.html).
Additionally, whole-genome CRISPR-Cas9 screening data
were downloaded from the DepMap portal (https://depmap.
org/portal/download/).

Genomic and protein alterations of UTP4 in pan-cancer.
RNA sequencing and clinical data covering 33 tumor types
were carefully analyzed after download from the TCGA data-
base. Expression levels in transcripts per million (TPM) were
converted using log2 transformation for accuracy. Differences
in UTP4 expression across tumor types were further analyzed
by constructing boxplots and paired plots in R (version 4.2.1)
using packages such as ggplot2 (version 3.3.6), stats
(version 4.2.1), and car (version 3.1-0). The Tumor Immune
Estimation Resource version 2 (TIMER2.0; http://timer.
cistrome.org/) was also used to compare UTP4 expression
between tumor and normal tissues.

The UALCAN platform (http://ualcan.path.uab.edu/index.
html) was utilized for additional analyses. The proteomics
module within UALCAN allowed comparisons of UTP4
protein expression between tumor and normal tissues, as well
as analyses of its association with clinical characteristics,
including cancer stage.

UTP4 expression at single-cell spatial transcriptomics level.
To further validate differences in UTP4 expression in cancer
and examine its gene expression profiles in specific cell types,
the Sparkle database (https:/grswsci.top/) was employed.
The Spatial Transcriptomics module was selected, and five
datasets were analyzed, namely ‘CESC: Human_Cervical _
Cancer (10x database)’, ‘GIST2: GSE203612-GSM6177609’,
‘HNSC2: GSE181300-GSM5494476_HNSCC201125T05’,
‘KIRC2: GSE175540-GSM5924030_ffpe_c_2’, and ‘CRC2:
IntestineCancer_10x_FFPE (10x database)’, to explore differ-
ences in UTP4 expression at single-cell resolution within
spatial transcriptomic contexts.

Prognostic and diagnostic value analysis. RNA sequencing
data and clinical information for the 33 tumor types were
standardized and analyzed for prognostic significance. Using
the R ‘survival’ package, Kaplan-Meier survival curves were
constructed, proportional hazards assumption tests were
performed, and survival regression models were fitted.

Receiver operating characteristic (ROC) curve analysis
was conducted using the timeROC package (version 0.4) to
evaluate diagnostic performance. The area under the ROC
curve (AUC) values, ranging from 0.5 to 1, were assessed
to determine diagnostic capability, with higher AUC values
indicating superior diagnostic accuracy (16).

UTP4 gene alteration analysis. To investigate UTP4 gene
alterations across different cancers, the cBioPortal platform
(https://www.cbioportal.org/) was utilized, an interactive tool
designed for analyzing multidimensional cancer genomic data-
sets. The study cohort was selected from the “TCGA PanCancer
Atlas Studies’, and the UTP4 gene was queried using cBio-
Portal's module to obtain relevant mutation information. The
‘Cancer Types Summary’ module provided an overview of

mutation frequencies and types associated with UTP4 across
various cancers. Additionally, the ‘Mutations’ module offered
detailed insights into mutation sites, counts, and types within
the UTP4 gene. Mutation data were subsequently visualized
using cBioPortal's visualization tools. To further analyze the
mutational landscape, the ‘Mutation Effect-Expression’ module
of the Sparkle database (https:/grswsci.top/) was employed.
This database enabled analysis of UTP4 mutation types and
single nucleotide variations (SN'Vs), revealing potential roles
for UTP4 gene alterations in cancer progression.

Immune-related analysis. Multiple databases were used
to investigate the relationship between UTP4 and immune
processes. Initially, immune infiltration associated with UTP4
expression across various tumors was analyzed using the
Xiantao Academy (www.xiantaozi.com). Subsequently, the
Sparkle database (https:/grswsci.top/) was utilized to examine
associations between UTP4 expression and the tumor immune
microenvironment, including immune cells specifically in GC.
Finally, correlations between pan-cancer UTP4 expression and
tumor stemness, as well as immune checkpoints, were explored
using the SangerBox tool (http:/sangerbox.com/home.html).

Protein-protein interaction network and enrichment analysis.
The protein interaction network involving UTP4 was obtained
from the STRING database (https://string-db.org/) (17). Next,
the top 100 genes correlated with UTP4 expression were
retrieved from GEPIA2.0 (http:/timer.cistrome.org/) (18).
Utilizing the ‘clusterProfiler (version 4.4.4)’ package in R,
enrichment analysis was performed on the top 10 correlated
genes. This allowed the identification of crucial phenotypes
and signaling pathways involving UTP4 across pan-cancer
contexts. Additionally, Pearson correlations between UTP4
expression z-scores and GSVA scores for 14 tumor states were
analyzed using the ‘Pathway Analysis-Activity Score’ template
provided by the Sparkle database (https://grswsci.top/) (19).

Univariate Cox regression analysis in pan-cancer and
multivariate cox regression analysis in GC. The propor-
tional hazards assumption was verified using the ‘survival’
package in R, followed by univariate Cox regression analysis
conducted across various tumors. Specifically focusing on GC,
multivariate Cox proportional hazards regression analysis was
performed to assess the independent prognostic significance
of UTP4, adjusting for clinical variables including age, sex
and tumor stage. The results were illustrated through forest
plots displaying hazard ratios (HRs), 95% confidence intervals
(ClIs), and P-values for UTP4 and other clinical factors.

Bayesian colocalization analysis. Mendelian colocalization
analysis, a statistical method used to investigate genetic associ-
ations with diseases across multiple phenotypes, was employed
to identify shared genetic factors. To explore genetic asso-
ciations of UTP4 in pan-cancer and GC contexts, datasets for
pan-cancer (ieu-b-4966) and GC (ebi-a-GCST90018629) were
downloaded from the OpenGWAS database. Colocalization
analysis was conducted using the ‘coloc’ package. Results
were visualized through the ‘locuscompare’ function within
the ‘locuscompare’ package and the ‘stack_assoc_plot’ func-
tion from the ‘gassocplot2’ package. A posterior probability
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(PP.H4.abf) greater than 80% was set as the threshold indi-
cating robust evidence of colocalization (20).

Dependency score of UTP4 in various tumor cell lines.
Genome-wide CRISPR-Cas9 screening data were obtained
from the DepMap portal (https://depmap.org/portal/down-
load/). This dataset includes dependency scores for candidate
genes across numerous cancer cell lines, calculated using the
CERES algorithm. The CERES dependency scores for UTP4,
which were scaled such that 0 indicates a non-essential gene
and -1 denotes the median dependency of core essential genes,
were specifically analyzed. The 200 cell lines exhibiting the
most negative UTP4 dependency scores were selected and
visualized using bar plots.

Cell culture and transfection. The human normal gastric
epithelial cell line GES-1 and GC cell lines AGS and MKN-45
were purchased from Sai Bai Kang (Shanghai) Biotechnology
Co., Ltd. Cells were cultured in medium containing 5% fetal
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) at 37°C
with 5% CO,. Cells in optimal growth conditions were trans-
fected with CRISPR-Cas9 small guide RNA (sgRNA) lentiviral
vectors. A total of three distinct sgRNAs were designed against
the human UTP4 gene. Their RNA guide sequences (5'-3") are
as follows: sgRNA#1: AUGCCUUUGGAGGACCUAUU;
sgRNA#2: CGUCAGCAUUAGCGAUGAGA; and sgRNA#3:
GUAGCCCGAGACUCAUGACC.

The knockdown efficiency of all three sgRNAs was
initially evaluated by reverse transcription-quantitative
PCR (RT-qPCR). sgRNA#2 showed the strongest and most
consistent reduction in UTP4 mRNA levels and was there-
fore chosen to generate stable knockdown cell pools for all
subsequent functional experiments. A custom non-targeting
control (NTC) sgRNA was included in parallel to account
for potential non-specific effects associated with lentiviral
transduction and Cas9 activity. Its RNA guide sequence
is: GGCAGCGAGAUAACUUGACUC. All sgRNA lenti-
viral vectors were supplied by Shenggong Bioengineering
(Shanghai) Co.,Ltd. The initial gPCR screening data assessing
the knockdown efficiency of the three sgRNAs are provided in
Fig. S1 and Table SIII.

Cell Counting Kit-8 (CCK-8) assay. Cell viability following
sgRNA transfection was measured using the CCK-8 from
Shanghai Taosu Biotechnology Co., Ltd. Transfected cells were
seeded into 96-well plates at a density of 1x10° cells per well
and incubated overnight at 37°C. At 0, 1,2, and 3 days, 10 ul of
CCK-8 solution was added to each well, and absorbance was
measured at a wavelength of 450 nm.

RT-gPCR. Total RNA was extracted from cells using TRIzol
Universal RNA extraction reagent according to the manufac-
turer's protocol. RT-qPCR were performed using the Vazyme
genomic RT-qPCR kit and an ABI 7900HT Fast Real-Time
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The thermocycling conditions for PCR amplification
were as follows: Initial denaturation at 95°C for 30 sec; 40
cycles of denaturation at 95°C for 10 sec, annealing at 60°C
for 30 sec, and extension at 72°C for 30 sec. Quantification
was performed using the 224°4 method (21). Each experiment
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was repeated three times. The primer sequences used were
as follows: UTP4 forward, 5'-AGGTCCATCGAGTACGTT
TCT-3' and reverse, 5'-CACAGTGCCATCTGTTCGTG-3'".
GAPDH was used as an endogenous control for normalization.
The primer sequences for GAPDH were as follows: forward,
5'-GAAGGTGAAGGTCGGAGTC-3' and reverse, 5'-GAA
GATGGTGATGGGATTTC-3".

Wound healing assay. Prior to the scratch assay, cells were
serum-starved in medium containing 0.5% FBS for 12 h to
suppress cell proliferation. A baseline was drawn horizontally
at the bottom of each well in a six-well plate for reference. Once
cells reached near-confluence, a sterile pipette tip was gently
used to scratch a straight line along the baseline, creating a
wound. Images of the initial wound state were immediately
captured under a light microscope, and its width was recorded.
After 48 h, images of the wound area were captured again.
The wound area was precisely measured using ImagelJ soft-
ware (version 1.53t; National Institutes of Health) to assess cell
migration rates and wound closure efficiency.

Apoptosis assay. Cells were cultured in six-well plates
to an appropriate density. Cell apoptosis was assessed
following the manufacturer's protocol using the Annexin
V-AF488/PI Apoptosis Detection Kit (BioLegend-Shanghai
Yaji Biotechnology Co., Ltd.). The number of apoptotic cells
was quantitatively determined using a BD LSRFortessa flow
cytometer (BD Biosciences) and analyzed with BD FACSDiva
software (version 9.0; BD Biosciences).

Statistical analysis. Statistical analyses were performed
using R (version 4.3.0) and GraphPad Prism (version 10.3.0),
with visualization and specific tests conducted via R pack-
ages (ggplot2, survminer, pheatmap, timeROC). A two-sided
P<0.05 was considered to indicate a statistically significant
difference.

For public omics and clinical data, continuous variables are
presented as the mean + SD or median (IQR). Group compari-
sons used paired/independent t-tests, one-way ANOVA (with
Tukey's post hoc test), or Kaplan-Meier analysis (log-rank
test). The independent prognostic value of UTP4 was assessed
by Cox proportional hazards regression (assumption veri-
fied via Schoenfeld residuals). Diagnostic performance was
evaluated with time-dependent ROC curves. Correlations were
calculated using Pearson's coefficient. Functional enrichment
(GO/KEGG) was analyzed with the clusterProfiler package
(FDR-adjusted).

For in vitro data, results from =3 independent replicates
are shown as mean + SD. Comparisons used the independent
t-test (two groups) or two-way ANOVA with Tukey's post hoc
tests, as indicated.

Results

Abnormal expression of UTP4 in various tumors and normal
tissues. To examine differential UTP4 expression across
cancer types, RNA sequencing data from the TCGA data-
base were analyzed. UTP4 was significantly upregulated in
several cancers, including cholangiocarcinoma (CHOL), colon
adenocarcinoma (COAD), esophageal cancer (ESCA), head
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Figure 1. (A) UTP4 expression across pan-cancer types based on the TCGA dataset. (B) Comparison of UTP4 expression between paired tumor and normal
samples from TCGA. (C) UTP4 expression across pan-cancer types using the TIMER2.0 database. "P<0.05, "P<0.01 and ““P<0.001. TCGA, The Cancer
Genome Atlas; ns, not significant. ACC, adenoid cystic carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast cancer; CESC, cervical squamous
cell carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM,
glioblastoma multiforme; HNSC, head and neck cancer; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary
carcinoma; LAML, acute myeloid leukemia; LGG, low-grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung
squamous cell carcinoma; MESO, mesothelioma; OV, ovarian cancer; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma; PRAD, prostate
adenocarcinoma; READ, rectum adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, tenosynovial
giant cell tumor; THCA, thyroid carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal

melanoma.

and neck cancer (HNSC), hepatocellular carcinoma (LTHC),
lung adenocarcinoma (LUAD), lung squamous cell carcinoma
(LUSC), rectal adenocarcinoma (READ), stomach adenocar-
cinoma (STAD), bladder cancer (BLCA) and glioblastoma
(GBM) (P<0.05) (Fig. 1A). These findings suggest that UTP4
may play an important role in the initiation and progression
of multiple malignancies. Conversely, UTP4 expression was
significantly decreased in breast cancer (BRCA), kidney
chromophobe (KICH) and prostate cancer (PRAD) (P<0.05;
Fig. 1A). A follow-up analysis using cancer-paired samples
further supported these results. Pronounced differences in
UTP4 expression were observed across the corresponding

tumor types, consistent with the initial findings (Fig. 1B).
Additional validation using the TIMER?2.0 database confirmed
similar expression patterns. Although the difference in UTP4
expression in GBM did not reach statistical significance, other
cancer types exhibited expression trends consistent with the
TCGA analysis. Notably, cervical cancer (CESC) showed
significant upregulation of UTP4 (P<0.05; Fig. 1C).

Differential expression of UTP4 at the protein level. To
further characterize UTP4 expression at the protein level,
proteomic data from the UALCAN database were analyzed.
UTP4 protein levels were significantly elevated in multiple
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Figure 2. (A) UTP4 protein expression in COAD, HNSC, KIRC, PAAD, UCEC, LUAD, LUSC, glioblastoma multiforme and liver hepatocellular carcinoma
from the UALCAN database. (B) Differential UTP4 expression across pathological stages in COAD, HNSC, KIRC, PAAD, UCEC and LUAD. "P<0.05,
“P<0.01 and ""P<0.001. COAD, colon adenocarcinoma; HNSC, head and neck cancer; KIRC, kidney renal clear cell carcinoma; PAAD, pancreatic adenocar-
cinoma; UCEC, uterine corpus endometrial carcinoma; LUAD, lung adenocarcinoma; RCC, renal cell carcinoma; ns, not significant.

Moreover, UTP4 protein expression varied significantly
across pathological stages in COAD, HNSC, KIRC, PAAD,
UCEC and lung cancer (P<0.05; Fig. 2B). This stage-depen-
dent variation suggests that UTP4 overexpression is closely
linked to tumor development rather than being an isolated

cancer types, including COAD, HNSC, kidney renal clear
cell carcinoma (KIRC), pancreatic adenocarcinoma (PAAD),
endometrial carcinoma (UCEC), LUAD, LUSC, GBM
and LIHC (P<0.05; Fig. 2A). These findings reinforce the
hypothesis that UTP4 may contribute to tumor progression.
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C

Figure 3. (A-E) Tissue images displaying UTP4 expression in cutaneous squamous cell carcinoma, gastrointestinal stromal tumor, head and neck squamous
cell carcinoma, clear cell renal cell carcinoma and colorectal cancer datasets, respectively. Each shows the predominant cellular composition per spot after
spatial transcriptomic deconvolution and UTP4 localization within spatial transcriptomes.

molecular event, supporting its potential role in cancer
progression.

Differential expression of UTP4 in single cells. Single-cell spatial
transcriptomic analysis was conducted to precisely evaluate
UTP4 expression differences among various cancers and cell
types (22). This approach allowed detailed exploration of UTP4
expression in specific cellular populations (23,24). The results
demonstrated that in human cervical squamous cell carcinoma
samples (Human_Cervical_Cancer), UTP4 expression was
mainly detected in tumor and epithelial cells (Fig. 3A). Similarly,
gastric stromal tumor (GSE203612-GSM6177609) samples
showed predominant UTP4 expression in tumor and epithelial
cells (Fig. 3B). In head and neck squamous cell carcinoma
(GSE181300-GSM5494476_HNSCC201125T05), UTP4 expres-
sion was concentrated predominantly in tumor cells (Fig. 3C).
In clear cell renal cell carcinoma (GSE175540-GSM5924030_
ffpe_c_2) samples, UTP4 was expressed not only in tumor cells
but also in macrophages (Fig. 3D). In CRC (IntestineCancer_10x_
FFPE) samples, UTP4 expression was primarily localized to
tumor and epithelial cells (Fig. 3E). These single-cell spatial
transcriptomics findings highlight that UTP4 is predominantly
expressed in tumor and epithelial cells in various tumor tissues,
suggesting its critical involvement across multiple cancer types.

Prognostic and diagnostic value of UTP4 in pan-cancer.
A comprehensive survival analysis was conducted to
evaluate the prognostic significance of UTP4. Elevated

UTP4 expression significantly correlated with poor prog-
nosis in multiple cancers, including ACC (P=0.021), HNSC
(P=0.008), GBMLGG (P<0.001), LUAD (P=0.010), LGG
(P=0.015), LIHC (P=0.036), PAAD (P=0.025), SARC
(P=0.048), STAD (P=0.023) and OSCC (P=0.038) (Fig. 4A).
These results imply that UTP4 may be a robust indicator of
adverse outcomes, underscoring its importance in cancer
progression and patient survival. By contrast, high UTP4
expression correlated with favorable prognosis in KIRC
(P<0.001) (Fig. 4A). Furthermore, ROC curve analysis evalu-
ated the diagnostic accuracy of UTP4. UTP4 demonstrated
strong diagnostic performance in KICH (AUC=0.959),
STAD (AUC=0.894), LIHC (AUC=0.823) and OSCC
(AUC=0.810) (Fig. 4B), and moderate diagnostic ability
in HNSC (AUC=0.787), GBMLGG (AUC=0.630), LUAD
(AUC=0.795), and PAAD (AUC=0.682) (Fig. 4B). Analysis
of survival rates by sex showed that the association between
UTP4 expression levels and prognosis was more significant
in females (Fig. 4C). Notably, although UTP4 expression was
significantly associated with overall survival (OS), it showed
no statistically significant correlation with the disease-free
interval (DFI) (P=0.39; Fig. S2). This discrepancy suggests
that high expression of UTP4 may not directly drive early
tumor recurrence but instead predominantly influences
disease progression after recurrence. These findings empha-
size the significant prognostic and diagnostic relevance
of UTP4 across various cancer types. Collectively, the
results support the utility of UTP4 as a potential biomarker
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and provide a basis for developing cancer diagnostic and
prognostic assessment tools.

Mutation landscape of UTP4. To improve understanding
of the mutational characteristics of UTP4 across different
cancers, detailed analyses were conducted. Significant
variations in UTP4 mutation frequencies and types were
observed among cancer types. High mutation frequencies
occurred in UCEC (mutation 4.35%, amplification 0.19%,
deep deletion 0.95%), BLCA (mutation 0.97%, amplifica-
tion 1.95%, deep deletion 0.73%, multiple alterations
0.24%), ESAD (mutation 1.65%, amplification 1.65%, deep
deletion 0.55%), PRAD (amplification 0.4%, deep dele-
tion 2.63%), CHOL (amplification 2.78%), COADREAD
(mutation 2.69%), OV (amplification 0.34%, deep deletion
2.23%), SKCM (mutation 2.03%, amplification 0.23%),
BRCA (mutation 0.55%, amplification 0.18%, deep deletion
1.38%), DLBC (deep deletion 2.08%), and STAD (mutation
0.91%, amplification 0.23%, deep deletion 0.68%) (Table SI,
Fig. 5A). Further analysis using cBioPortal identified
R328Q and P593L/A as the most frequent mutation sites in
UTP4. These mutations appeared in multiple cancers and
were each supported by at least three samples (Fig. 5B).
Statistical evaluation revealed that missense mutations
predominated in UTP4, followed by nonsense mutations,
while SNVs were mainly single nucleotide polymorphisms
(SNPs) (25,26) (Fig. 5C). These findings indicate that UTP4
mutations vary significantly across cancers, suggesting
diverse functional roles. Different mutation types might
influence UTP4 functionality, potentially affecting cancer
initiation and progression. For instance, missense mutations
may alter UTP4 protein structure and function, disrupting
RB and cancer cell proliferation; nonsense mutations may
result in premature termination of UTP4 proteins and loss
of function; and SN'V-type SNPs may affect the regulation
of UTP4 gene expression.

Relationship between UTP4 and immune cells and microor-
ganisms in the TME. Associations between UTP4 expression,
immune cells and microorganisms within the TME were
further explored. UTP4 expression negatively correlated with
most immune cells across pan-cancer analyses, indicating its
potential role in inhibiting immune cell infiltration or func-
tion. However, positive correlations were noted with specific
immune cell subsets, such as T helper cells, central memory
T cells and Th2 cells (Fig. 6A). Moreover, UTP4 expression
exhibited significant correlations with various microorgan-
isms in the TME. Specifically, in STAD and COAD, UTP4
positively correlated with most microorganisms; in ESCA,
it showed negative correlations; in READ and HNSC, both
positive and negative correlations were observed (Fig. 6B).
These results reflect the complex functional roles of UTP4
across cancers. In GC specifically, elevated UTP4 expression
negatively correlated with infiltration of most immune cells
but positively correlated with particular immune subsets,
including Common lymphoid progenitor_ XCELL, T cells
CD4+Th2_XCELL,and T cells CD4+ Th1_XCELL (Fig. 6C).
Thus, UTP4 may regulate immune responses and microbial
composition in the TME, influencing cancer progression and
patient prognosis.

Correlation analysis of UTP4 with tumor stemness and
immune checkpoints. Tumor stemness refers to the stem
cell-like capacity of tumor cells for self-renewal and differenti-
ation, enabling aggressive proliferation and metastasis (27,28).
Tumor stem cells significantly contribute to tumor recurrence
and therapy resistance (29). To investigate the role of UTP4 in
tumor stemness, correlations between UTP4 expression and
tumor mutational burden (TMB) and microsatellite instability
(MSI) were analyzed. UTP4 expression positively correlated
with TMB in KIRC, UVM, BRCA, HNSC, LUSC, MESO,
LGG, CESC, STES, PAAD, OV, READ, GBMLGG, LIHC,
GBM, PRAD, DLBC, KIPAN, ACC, SARC, LUAD, STAD,
UCS, KIRP and UCEC (Fig. 7A). Similarly, UTP4 expression
positively correlated with MSI in LUSC, OV, BRCA, KIRP,
BLCA, STES, KIRC, CESC, PAAD, UCS, GBM, LIHC,
STAD, SARC, SKCM, UCEC, UVM and CHOL (Fig. 7B).
Immune checkpoint molecules are crucial for tumor immune
evasion. High UTP4 expression was significantly correlated
with immune checkpoint molecules in multiple cancers,
including DLBC, OV, KICH, PAAD, BLCA, BRCA, PCPG,
PRAD, UCEC, UVM, LIHC, KIPAN, KIRC, THCA, THYM,
HNSC, KIRP, LUSC and GBMLGG (Fig. 7C). These results
indicate that UTP4 may influence cancer progression and
metastasis by regulating tumor stemness, mutation burden and
immune checkpoint expression.

Enrichment analysis of UTP4-related genes and correlation
analysis of 14 tumor states in GC. To clarify the
molecular mechanisms of UTP4 in cancer, enrichment
analysis of UTP4-associated genes was performed. Firstly,
a protein-protein interaction network involving 11 proteins
related to UTP4 was obtained from the STRING database
(Fig. 8A). Subsequently, using GEPIA2.0, the top 100
genes co-expressed with UTP4 were identified (Table SII).
Among these, the top 10 genes, including NIP7, CIAPIN1
and SF3B3, exhibited strong pan-cancer correlations
with UTP4, illustrated by scatter plots (Fig. 8B). GO and
KEGG enrichment analyses (Fig. 8C and D) revealed
significant involvement of UTP4 in pathways such as RB,
RNA processing, and ribonucleoprotein particle assembly,
highlighting its essential role in cellular functions. RB is
critical for cellular protein synthesis and normal cellular
operations (30,31). UTP4's participation suggests roles in
various stages of ribosome assembly, potentially supporting
rapid cancer cell proliferation. GO analysis results included
biological processes (BP), cellular components (CC), and
molecular functions (MF). The BP and CC analyses indi-
cated that UTP4 is involved in pre-ribosome assembly and
biogenesis, processes essential for efficient protein synthesis
in cancer cells. Additionally, CC analysis suggested that
UTP4 might participate in the formation and regulation of
ribonucleoprotein granules, which influence mRNA storage
and translation. Dysregulated ribonucleoprotein granules
could disrupt gene expression control, thereby promoting
cancer development (32). BP results also indicated that
UTP4 might exhibit catalytic functions, particularly
ATP-dependent RNA-related activities. Abnormal RNA
processing and modification due to altered UTP4 activity
may disrupt RNA metabolism, consequently supporting
cancer cell proliferation and survival.



12}
[=4
2
@ o 3 N
2 8, e 2 r 00 g
© 58c0sS © S
o 22589 b4 ~ 00/
s 5558 8
£ SFEnlL s - G20
: see s
- - 99
L 3
T g oo g
.M. + + + Uveal melanoma (TCGA, PanCancer Atlas) Se ‘ © S e
'el — o -~
2 + + + Uterine carcinosarcoma (TCGA, PanCancer Atlas) o » &~ y °
[a P 17} A =@
. + + + Liver hepatocellular carcinoma (TCGA, PanCancer Atlas) d m ® o 2 m
N
5 + + + Kidney chromophobe (TCGA, PanCancer Atlas) . W D © . FE -0
= . . P 2 — L 000 <
3 + + + Glioblastoma multiforme (TCGA, PanCancer Atlas) “ o < o - o I
= <
© m. + + + Kidney renal clear cell carcinoma (TCGA, PanCancer Atlas) 8 L & 2 n\w n>u P>v Mlnu
m.u A.n + + + Brain lower grade glioma (TCGA, PanCancer Atlas) L 2 ©
Q
. 5 + + + Sarcoma (TCGA, PanCancer Atlas) E 3 r 00/
< =
N m + + + Acute myeloid leukemia (TCGA, PanCancer Atlas) “ —
% W + + + Pancreatic adenocarcinoma (TCGA, PanCancer Atlas) ” o
S + + + Head and neck squamous cell carcinoma (TCGA, PanCancer Atlas) . 09 “
% + + + Thyroid carcinoma (TCGA, PanCancer Atlas) ° S i —
<
nLv + + + Testicular germ cell tumors (TCGA, PanCancer Atlas) S L oy m
© + + + Lungadenocarcinoma (TCGA, PanCancer Atlas; g 8 —
Z s 2 =
w + + + Kidney renal papillary cell carcinoma (TCGA, PanCancer Atlas) o = L oz m —
€ S >
< + + + Thymoma (TCGA, PanCancer Atlas) M. L 2 . .m m m
o
M + + + Cervical squemous cell carcinoma (TCGA, PanCancer Atlas) & o ® = -0 .m m _
>
H + + + Adrenocortical carcinoma (TCGA, PanCancer Atlas) e . m W W m ¢ [ |
e @ = -
M + + + Pheochromocytoma and paraganglioma (TCGA, PanCancer Atlas) ‘ ©
“ANn + + + Mesothelioma (TCGA, PanCancer Atlas) P ~ 001
[ &
~ + + + Lungsquamous cell carcinoma (TCGA, PanCancer Atlas) ' =
< + + + Stomach adenocarcinoma (TCGA, PanCancer Atlas, L [ ]
g o8 =
w + + + Diffuse large B-cell ymphoma (TCGA, PanCancer Atlas) =
o —
_.uLL + + + Breastinvasive carcinoma (TCGA, PanCancer Atlas) “ I < L 09 m
m + + + Skin cutaneous melanome (TCGA, PanCancer Atlas) ..m =
+ + + Ovarian serous cystadenocarcinoma (TCGA, PanCancer Atlas) L 4 . ..m ob m
+ + + Colorectal adenocarcinoma (TCGA, PanCancer Atlas) “ .I.w M
+ + + Cholangiocarcinoma (TCGA, PanCancer Atlas) .m ——
) o oz =
+ + + Prostate adenocarcinoma (TCGA, PanCancer Atlas) ° > =
+ + + Esophageal adenocarcinoma (TCGA, PanCancer Atlas) ] =
phag ( ) L4 S . N m— — Lo ——
+ + + Bladder urothelial carcinoma (TCGA, PanCancer Atlas) S S 3 2 o @ | ]
B L Q £ & £ ——
+ + + Uterine corpus endometrial carcinoma (TCGA, PanCancer Atlas) s m m & m_ M_ m_ W m
< FS S £ —
T R = = x ggs - 5 3 B B 5 8 g =
b ¥ » & 388 e 2 2 @ m « | 5 |—]
ey Kousnbayy uonesayy 2co< S 5 § s < QT =
Q% §82 2 2 @ @ t5 =
o= 580 e Y 5 83 e —
IM 23 o S > m D ——
Mm g o o = T T 1
| o] syuened # © Ay N <
= < E m o
[ 7514 a

Figure 5. (A) Frequency and alteration types of UTP4 across cancers. (B) Specific mutation sites and mutation types of UTP4 in pan-cancer. (C) Mutation

landscape of UTP4 in pan-cancer. TCGA, The Cancer Genome Atlas.


https://www.spandidos-publications.com/10.3892/mco.2026.2933

10

abDC

B cells

CD8T cells
Cytotoxic cells
DC
Eosinophils
iDC
Macrophages
Mast cells
Neutrophils
NK CD56bright cells
NK CD56dim cells
NK cells

pDC

T cells

T helper cells
Tem

Tem

TFH

Tgd

Th1 cells
Th17 cells
Th2 cells
TReg

STAD-Spirochaetes
STAD-Flavobacteriales
STAD-Spirochaetales
STAD-Tannerella
STAD-Capnocytophagea
STAD-Treponema
STAD-Lachnospiraceae
STAD-Spirochaetaceae
STAD-Spirochaetia
STAD-Actinobacteria_class
READ-Bacteroidetes
READ-Bacteroidales
READ-Granulicatella
READ-Carnobacteriaceae
READ-Bacteroidia
READ-Bacilli
HNSC-Spirochaetes
HNSC-Actinobacteria_phylum
HNSC-Veillonellales
HNSC-Micrococcales
HNSC-Spirochaetales
HNSC-Tannerella
HNSC-Rothia
HNSC-Veillonella
HNSC-Staphylococcus
HNSC-Porphyromonas
HNSC-Escherichia
HNSC-Treponema

Diales Family XIII. Incertae sedis
HNSC-Peptostreptococcaceae
HNSC-Staphylococcaceae
HNSC-Veilloneliaceae
HNSC-Micrococcaceae
HNSC-Spirochaetaceae
HNSC-Negativicutes
HNSC-Spirochaetia
HNSC-Actinobacteria_class
HNSC-Gammaproteobacteria
ESCA-Tenericutes
ESCA-Tissierellales
ESCA-Bifidobacteriales
ESCA-Mycoplasmatales
ESCA-Bacillales
ESCA-Aliprevotella
ESCA-Peptoniphilus
ESCA-Gardnerella
ESCA-Corynebacterium
ESCA-Peptoniphilaceae
ESCA-Bifidobacteriaceae
ESCA-Mycoplasmataceae
ESCA-Tissierellia

WEI et al: UTP4 1S A NOVEL BIOMARKER FOR GASTRIC CANCER

Correlations between UTP4 and Immune cells

*[*

x

H

H H
*H
*

X oK N X

*

*

*H

X
X
X

X H X
XK N X

X
A
X

A

*
*
X

H H X H X

B % % R & % B %

*

%

* p<0.05

X % B X k& % % X

X
HOHHHH KK

H K K A A

% % % % % % %
*

Cor

A

wm 1.0

X

I

* % %

*

X

0.5

%
*
*

H H H H

HOH H K K H X

HOA Kk A H N A

*
*
BB % ok B % b B N o ok ¥ %k A X
*
*
® % % 4 % % % % X % % % % % A

%

0.0

X

X

HOH Kk H ok K ok N o N X A

X
H oK H X

A N A oH

-0.5

*
* 4 & X %

X

X

A

%
%

-1.0

A

%4

*

L
%

*

*

4
*
%
%

HOH H K H M K M A

X
H

*

*

X K

Aok K M H R M K H

*

*

*
*
X

*4
*4

A
E
b

%
%

*
X
*

*

HooH ok K K K
*

A
*

.
%
% % % %k
® % % F
*

%
% % % X

%

%
*

S EVMEEEEEEE

ACC
BLCA
BRCA | H % % H %
CESC
CHOL
COAD
DLBC
ESCA | # % %
HNSC | ¥ % 4
KICH
KIRC
KIRP
LAML

' '|m1 X ﬂTnumu

I

T | l”1|1h| |

ESCA-Mollicutes
COAD-Firmicutes
COAD-Clostridiales
COAD-Hungatella
COAD-Branesiella
COAD-Eubacterium
COAD-Synergistaceae
COAD-Eubacteriaceae
COAD-Clostridiaceae
COAD-Clostridia

|

0.002

[0.003
[0.006
0.012
0.037
<0.00
p.o11

p.017
[0.009
10.005
0.013
00.003
[0.001
p.013
[p.007
p.012
10.005

10.008
0.045
p.014
[0.036
[0.007
[0.031
00.026
[p.007
[0.008

0.047

-0.4 -0.2 0.0 0.2 0.4
UTP4 Relevance to microorganism

Immune cell

LIHC
LUAD
LUSC

MESO
oV
PAAD

@)

Microenvironment score_XCELL-

Common XCELL-

UNTER

Mast cell activated_CIBERSORT-ABS

Endothelial cell_EPID

Endothelial cell_.MCPCOUNTER

PCPG | ¥
PRAD
READ
SARC
SKCM
STAD
TGCT

THCA
THYM
UCEC
ucs
UvM

CellType

*)| TMEscore

Progenitor
Neutrophil
(| Myeloid-dendritic

Mast

T

Macrophage

Endothelial

| 1 |

CD4T
e

—0.25 0.00 0.25
UTP4 Correlation coefficient in STAD

Figure 6. (A) Correlations between UTP4 expression and 24 immune cell types across pan-cancer. ‘P<0.05. (B) Correlations between UTP4 expression and intra-
tumoral microbes in pan-cancer. (C) Correlations between UTP4 and immune cells specifically in gastric cancer. ACC, adenoid cystic carcinoma; BLCA, bladder
urothelial carcinoma; BRCA, breast cancer; CESC, cervical squamous cell carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC,
diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck cancer; KICH, kidney chromophobe; KIRC,
kidney renal clear cell carcinoma; KIRP, kidney renal papillary carcinoma; LAML, acute myeloid leukemia; LGG, low-grade glioma; LIHC, liver hepatocellular
carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian cancer; PAAD, pancreatic adenocarcinoma;
PCPG, pheochromocytoma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD,
stomach adenocarcinoma; TGCT, tenosynovial giant cell tumor; THCA, thyroid carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma;
UCS, uterine carcinosarcoma; UVM, uveal melanoma.



‘”D SPANDIDOS MOLECULAR AND CLINICAL ONCOLOGY 24: 24, 2026 11

A T™B B MsI
n pValue DLBCRH T pValue
THYM(N=118)- 0.0
ESCAQN<180)- 0.2 0.2
|04 04
? 0.6 N 0.6
08 et E’ 08
o 1.0 L = 1.0
BRCAQ i
HNSCO- =
Loo E
CESC(N=286)
o — maon -
READ( .
- - 3
— —
e — m :
: i : . . —
-0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4
Correlation coefficient (Pearson) Correlation coefficient (Pearson)
3
Q
C &
' AA AZ VEGFB Correlation coefficient
4 d4 ADORA2A
Vyyy| LAG3 -10-d500 05 10
oy CTLA4 pValue
AAA PDCD1
444 mar oo 05 10
VED-Y IO L
nhibitory
Ad444 BTLA @ Stimulatory

SLAMF7
VTCN1
IL13
24 v dddd a1
.y a4 et
A48 848448 444 4444 A‘%A 44444 Eﬁ CD276

e ﬁ‘ﬁd\§‘ HAVCR2

N

e

TGN
ARA

CD274
IL10

- . | EDNRB
IL12A
TGFB1
C100rf54
HMGB1
CX3CL1
ENTPD1
ICAM1
TLR4

L4448 A4 A4 A4 sl

AL Ay 4 a4 ; y. BTNGA
VY.V, 7 VI IV P V. : 4 BTNSA
VYvY.L Y VIV Y.r Y.y vPVY ey 4 TNFSFe

‘ ‘ AA IFNA1
IFNA2
IL1A
IL1B
CD70
TNFSF9
ICOSLG
CD80
IL2RA
ICOS
PRF1
TNFRSF9
CXCL10
CXCL9
CD40
TNF
ITGB2
CD28
CD40LG
TNFRSF18

S0
w
m
-
o

GZMA
CCL5
TNFRSF14
CD27
TNFRSF4

hh
%

B
AR
GG

QQ%E%SB%R28828§8395835‘3%93@ B3 BIREL
23121221521 1323398321989833293308%8 8003089
UE;EESE%6555‘E’5533355EEEEEE:EEEEEEEEEEEEE
Q> [=] <7000 oz < [ONONONaal o a @ <0 Z2-4aa
3823 RLg s EZESZEE05 S5 0E2RRFEE9R088F52335
gf=2ag Ro> “¢¥FEf $O6EH50R°¥ 3IWes-% 375k

o
<
© 3
(8]
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GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological processes; CC, cellular components; MF, molecular functions.



dz| SPANDIDOS
B) PUBLICATIONS

A B

UTP4-Overall survival

MOLECULAR AND CLINICAL ONCOLOGY 24: 24, 2026

13

Group Total (N) HR (95% Cl) P value Characteristics ~ Total (N) HR (95% CI) Multivariate analysis P value Multivariate analysis
ACC 79 2506 (1.148-5472) | ———— 0,021 ,
BLCA 411 1032(0.771-1.382) 0.8319 |
BRCA 1086  1.113(0810-1532) 0.5087 uTP4 370 !
CESC 306 1.134(0.710-1.809) o~ 0.5988 !
CHOL 35 0902(0357-2278) ~4— 08277 Low 185 Reference !
COAD 477 1.041(0.707-1.533) = 0.8386 .
DLBC 48 1.423 50346— 5.860; —————— 0.6249 High 185 1430 (1.015-2.016) o 0.041
ESCA 163 0.908 (0.557-1.478)  +6= 0.6966 . I
GBM 188 0.819(0584-1149) 0.2486 Pathologic T stage 362 !
HNSC 503 1.440 (1.099-1.887) o= 0.0082 - " .y X
KICH 64 4.188 (0.869- 20.189) 0.0743 eference |
KIRC 541 0512 (0.376-0697) @! 2.17e-05 |
X ——
KR 290 0634 (03471158 b o 1301 2 78 5217 (0704-38628) ¥ 0.106
LAML 139 1013 (0.665-1.542) 4= 0.9531
LGG 530 1549 (1089-2203) 1o~ 0.0149 T3 167 6.189(0.849-45.142)  |—*® A 0072
LHC 373 1452 (1.025-2.050) o~ 0.0359 |
LUAD 530 1462(1094-1952) o 0.0101 T4 i 5858 (0780-43402) 0.084
LUSC 496 0.961(0.733-1261) 0.7748 ) X
MESO 86 1560 (0.071-2507)  r-o—s 0.0663 Pathologic N stage 352 '
ov 379 1.035(0.800-1.339) & 0.7912 o o e |
PAAD 179 1.605(1.060-2429)  ho— 0.0253 elerence X
PCPG 184 0.980 (0.244-3.938) —p——— 0.9770
PRAD 501 0.970 (0.279-3.367)  +——s 0.9618 AL 97 1.508 (0.911-2.496) b 0111
READ 166 0.505 (0.219- 1.163) o 0.1084 |
SARC 263 1494(1003-2227) Lo 0.0485 N2 " 1420 (0.830- 2.429) e 02
SKCM 457 1293 (0.984-1697)  for 0.0649 \ ) .
STAD 370 1470 (1.056-2.046)  po~ 00226 2.542(1.525-4.238) X <0.001
TGCT 139 0.955 (0.134- 6.778) ————— 0.9629 A . |
THCA 512 1.020(0.383-2.718)  ——— 0.9688 o !
THYM 119 0347 (0.084- 1.438) &~ 0.1446 s . !
UCEC 553 1447 (0.962-2.176)  ro—s 00763 = Reference X
ucs 57 0.885 (0.451- 1.739) 6 0.7233 i
UM 80 1.196 (0.510-2.808)  ~lo— 0.6807 >65 204 1,653 (1.162-2.351) 4 0.005
T T T T T T T
00 25 50 75 100 5 10

Figure 9. (A) Forest plot of univariate Cox regression analysis results for UTP4 across pan-cancer. (B) Forest plot of multivariate Cox regression analysis results
for GC (STAD), including variables pathological T stage, pathological N stage, age and ‘UTP4 expression level’. ACC, adenoid cystic carcinoma; BLCA,
bladder urothelial carcinoma; BRCA, breast cancer; CESC, cervical squamous cell carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma;
DLBC, diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck cancer; KICH, kidney chromo-
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In GC, Pearson correlation analysis between UTP4 expres-
sion z-scores and GSVA scores of 14 tumor states showed
significant positive correlations with the cell cycle, DNA
damage and DNA repair (P<0.05; Fig. 8E). This suggests that
UTP4 may facilitate cell proliferation and tumor progression,
and its elevated expression might indicate increased DNA
damage coupled with active repair mechanisms in tumor
cells. Conversely, UTP4 expression negatively correlated
with angiogenesis, differentiation, epithelial-mesenchymal
transition, hypoxia, inflammation, quiescence and stemness.
However, the precise roles of UTP4 in these states require
further investigation.

Prognostic univariate and multivariate Cox regression.
To assess the prognostic significance of UTP4, pan-cancer
univariate and GC multivariate Cox regression analyses
were performed using RNA-seq data and clinical informa-
tion from 33 cancer types (TCGA database). Univariate
analysis revealed that UTP4 significantly influenced patient
prognosis in ACC (P=0.0211), HNSC (P=0.0082), KIRC
(P=2.17x10-5), LGG (P=0.0149), LIHC (P=0.0359), LUAD
(P=0.0101), PAAD (P=0.0253), SARC (P=0.0485) and
STAD (P=0.0226) (Fig. 9A). These findings indicate the
potential utility of UTP4 as a prognostic biomarker across
multiple cancers.

Subsequently, multivariate Cox regression was performed
for GC (STAD), including clinical variables (pathological
T stage, pathological N stage, age) with P-values <0.1 from
univariate analyses along with UTP4 expression. The results
demonstrated that UTP4 expression remained statistically
significant (P=0.041) after adjusting for clinical factors
(Fig. 9B), further validating UTP4 as an independent
prognostic factor in GC.

Colocalization analysis of UTP4 in pan-cancer and GC.
Colocalization analysis evaluates genetic associations between
genes and disease-related SNPs to elucidate potential disease
mechanisms (33). Colocalization of UTP4 with pan-cancer
GWAS data identified the locus rs74886619, displaying a poste-
rior probability of 1 (Fig. 10A). This result indicates potential
shared genetic mechanisms between UTP4 and pan-cancer,
emphasizing its importance. Similarly, in GC (STAD), colo-
calization analysis identified rs113952386 with a posterior
probability of 0.87 (Fig. 10B), suggesting a significant genetic
role for UTP4 in GC development.

Gene editing-CRISPR-Cas9 CERES growth essentiality
scores predict the effect of UTP4 knockout. To predict
the effect of UTP4 knockout on cancer cell proliferation,
CRISPR-Cas9 screening data from the DepMap database
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Figure 10. (A) Bayesian colocalization analysis of UTP4 with pan-cancer (ieu-b-4966). (B) Bayesian colocalization analysis of UTP4 with GC (STAD,

ebi-a-GCST90018629).

were analyzed to measure gene essentiality (34). Data scaling
ensured accurate scoring, with O representing non-essential
genes and -1 indicating median effects of core essential
genes. UTP4 dependency scores were frequently below -1.5,
approaching -2 in various cancer cell lines, such as BLCA,
BRCA and CESC (Fig. 11). These scores indicate that UTP4 is
essential in these cell lines, suggesting that its knockout might
significantly inhibit cancer cell proliferation or induce apop-
tosis, thereby confirming its role in cancer cell proliferation
and survival.

UTP4 knockout inhibits proliferation and migration, promotes
apoptosis in STAD. Based on genetic associations from colo-
calization analysis and CRISPR-Cas9 screening predictions,
the function of UTP4 in GC cells was further investigated.
First, gPCR was employed to evaluate UTP4 mRNA expres-
sion in normal gastric epithelial cells (GES-1) and GC cell
lines (AGS and MKN-45). UTP4 expression was significantly
higher in GC cell lines compared with normal epithelial cells
(Fig. 12A). Specific sgRNAs were designed to silence UTP4
expression effectively in both GC cell lines, and the efficacy
of the selected sgRNA (sgUTP4#2) was confirmed via qPCR

(Fig. 12B and C). Subsequent CCK-8, wound healing and
apoptosis assays showed a marked decrease in proliferation
of AGS and MKN-45 cells within 72 hours following UTP4
knockout (Fig. 12D and E). Furthermore, cell migration was
significantly reduced after 48 h (Fig. 12F and G). These find-
ings substantiate the critical role of UTP4 in GC cell migration,
suggesting its involvement in invasive processes related to
cancer progression. Additionally, apoptosis assays revealed a
significant increase in apoptosis rates following UTP4 deple-
tion. The apoptosis rate in AGS cells increased notably from
6.93 to 13.4%, and in MKN-45 cells from 16.04 to 28.3%
(Fig. 12H and I). These results indicated that UTP4 knockout
significantly inhibits GC cell proliferation and migration and
promotes apoptosis, validating its critical role in GC biology.

Discussion

Ribosomes are increasingly recognized as critical drug targets
and prognostic markers in cancer treatment. Their central
roles in protein synthesis, biomolecule assembly and regula-
tion of cell proliferation are closely associated with tumor
initiation and progression (35,36). In particular, ribosomes
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Figure 11. Visualization of CERES growth essentiality scores for UTP4 across the top 200 pan-cancer cell lines (y-axis represents CERES scores; x-axis
indicates different cell lines; colors represent different tumor types). BLCA, bladder urothelial carcinoma; BRCA, breast cancer; CESC, cervical squamous cell
carcinoma; CHOL, cholangiocarcinoma; CRC, colorectal cancer; ESCA, esophageal carcinoma; GBAD, gallbladder adenocarcinoma; LAML, acute myeloid
leukemia; LIHC, liver hepatocellular carcinoma; MESO, mesothelioma; MM, multiple myeloma; NSCLC, non-small cell lung cancer; OV, ovarian cancer;
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uterine corpus endometrial carcinoma; UVM, uveal melanoma.

regulate translation initiation, RB, and cellular signaling,
making them attractive targets for anticancer therapy (37,38).
Ribosome-targeted therapies have effectively suppressed
cancer cell proliferation, migration and survival, particularly
in drug-resistant tumor cells and cancer stem cells (39,40). For
example, specific drugs such as CX-5461 (an RNA polymerase
I inhibitor) and GCN2 inhibitors (genome integrity protein
kinase 2 inhibitors) block ribosomal RNA synthesis, inhibit
protein synthesis, and induce apoptosis in cancer cells (40,41).

UTP4 is essential for pre-ribosomal RNA processing,
particularly in the nucleolar maturation of 18S rRNA, and is
crucial in RB. Elevated UTP4 expression potentially supports
rapid cancer cell proliferation by promoting RB. Moreover,
studies indicate that UTP4 may also function as a transcrip-
tional regulator (42). In the present study, the expression
patterns and prognostic implications of UTP4 were system-
atically analyzed across multiple cancers and experimentally
confirmed its biological significance in GC.

In the present study, UTP4 expression was initially assessed
and validated in GC using RNA and protein data from the TCGA
cohort, confirming that UTP4 is significantly upregulated in
most cancer types. Single-cell spatial transcriptomic analysis
further verified high UTP4 expression in various tumor cell
populations. Given the strong prognostic and diagnostic signif-
icance of UTP4 identified in the TCGA cohort, its functional
mechanisms were explored through multi-omics approaches.
Functional analyses indicated that UTP4 gene mutations,
mainly missense and nonsense mutations, commonly occur
in multiple cancers, potentially influencing UTP4 function
and promoting tumorigenesis. Additionally, UTP4 expression
negatively correlated with the infiltration of several immune
cells but positively correlated with specific populations such
as T helper cells, Tcm cells and Th2 cells. This suggests UTP4
may contribute to an immunosuppressive TME, enabling
immune evasion. Moreover, high UTP4 expression correlated
positively with microbial presence in TMEs, especially in GC
and CRC, potentially further accelerating tumor progression.
The present findings also indicated that UTP4 may influence
cancer progression and metastasis by regulating tumor stem-
ness, mutational burden and immune checkpoint molecules.

Univariate and multivariate regression analyses confirmed
that UTP4 serves as an independent prognostic indicator in
GC. Bayesian colocalization genetic association analysis and
CRISPR-Cas9 predictions further validated UTP4's functional
role. The present study further demonstrated that high UTP4
expression was significantly correlated with poor OS but not
DFI. This discrepancy suggests UTP4 does not primarily
drive initial tumor recurrence; instead, it plays a key role in
accelerating disease progression and lethality post-recurrence.
Thus, UTP4 mainly acts in advanced disease stages, driving
progression and poor outcomes, supporting its potential as a
therapeutic target for advanced tumors. Specifically, UTP4
knockdown significantly reduced proliferation and migra-
tion while promoting apoptosis in GC cell lines (AGS and
MKN-45). These results confirm the pivotal role of UTP4
in GC development, reinforcing its potential as a therapeutic
target and prognostic biomarker.

Notably, UTP4 functions not only at the mRNA level
but also as a circular RNA (circRNA-CIRH1A), exhibiting
significant expression in various cancers associated with
cell proliferation, migration and invasion (43,44). CircRNAs
commonly act as ‘sponges’ for specific miRNAs, thus
regulating downstream signaling pathways (44,45). For
instance, circRNA-CIRHI1A influences the PI3K/AKT and
JAK2/STATS3 signaling pathways by sponging miR-1276,
an interaction validated in osteosarcoma cells (46). These
findings suggest that elevated UTP4 expression may affect
cancer progression via both protein-coding and circular
RNA mechanisms. Therefore, distinguishing whether the
cancer-promoting effects of UTP4 are mediated primarily
by its mRNA or circRNA form is critical. Although system-
atic pan-cancer analyses demonstrated that UTP4 mRNA
promotes tumorigenesis, the precise roles of its circRNA
form remain unclear. A recent study indicated that circular
RNAs function as inhibitors or activators influencing GC
initiation and progression, emphasizing their potential utility
as diagnostic biomarkers and therapeutic targets (47). The
experimental findings of the present study clearly demon-
strated UTP4's impact on GC cells; however, as the entire
UTP4 gene was targeted for knockout, potential effects of
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its circRNA form cannot be excluded. Clarifying the distinct
roles of UTP4 in different RNA forms will provide deeper
insights into its diverse functions in cancer biology, opening
new avenues for targeted therapeutic development.

Currently, studies linking UTP4 abnormalities to disease
are limited, with most studies focused on North American
Indian childhood cirrhosis. The role of UTP4 in other diseases
remains largely unexplored. Research on UTP4's relationship
with cancer is predominantly restricted to CRC, leaving its
involvement in other cancers unclear. Studies indicate that
cancer cells produce neuroendocrine mediators, activating
central neuroendocrine axes and establishing bidirectional
communication with autonomic and sensory nerves. This
process disrupts metabolic, immune, and circadian homeo-
stasis. UTP4 might facilitate the production of neuroendocrine
mediators by enhancing RB, thereby activating central neuroen-
docrine pathways, regulating immune-metabolic homeostasis,
and promoting cancer-related homeostatic disruption (48).
Therefore, the present study addresses an existing research
gap, has innovative significance, and provides a foundation for
future research.

However, the current findings primarily depend on
publicly available databases. The inherent batch effect, vari-
ations in data quality and sample processing heterogeneity
in these databases may introduce biases, impacting the accu-
racy of UTP4 expression measurements and cross-cancer
comparisons. These factors should be taken into consid-
eration when interpreting the findings of the present study
and their generalizability. Additionally, non-random sample
selection could limit the generalizability of our findings
across different populations and cancer subtypes. Therefore,
additional clinical data are necessary to confirm the poten-
tial of UTP4 as a reliable biomarker. Though the current
pan-cancer analysis points to a wide-ranging involvement
of UTP4 in tumorigenesis, functional validation has thus
far been confined exclusively to GC. Thus, subsequent
studies are warranted to verify its functional relevance in
other malignancies. The present study is predominantly
reliant on analyses of public databases and lacks validation
using prospective clinical cohorts or fresh tissue samples,
which represents a major barrier to its clinical translation.
Furthermore, the current functional evidence remains
insufficient: The absence of in vivo data, particularly from
murine models, greatly impairs the rigorous validation of
UTP4's role in tumorigenesis and therapeutic response.
Therefore, future studies should integrate animal model
experiments and clinical sample validation to fully confirm
its translational potential.

In conclusion, UTP4 exhibits high expression across
various cancers and correlates significantly with prognosis
in multiple cancer types, including GC. Its expression shows
notable associations with TMB, MSI, immune checkpoints,
immune cells and microorganisms in a pan-cancer context.
In vitro experiments validated the oncogenic function of
UTP4 in GC cells, further supporting its value as a prognostic
biomarker.
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