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Abstract
Despite advancements in diagnostic and therapeutic strategies, early detection 
and improved prognosis of gliomas remain challenging. A  deeper understanding 
of glioma pathogenesis and the identification of reliable biomarkers are crucial 
for early diagnosis and the reduction of healthcare costs. Mitochondrial ribosomal 
protein S33 (MRPS33), a key component of mitochondrial protein synthesis, has not 
been well-characterized in terms of its expression profile, prognostic significance, 
and immunological relevance in glioma. This study aims to elucidate these aspects 
through bioinformatics analyses utilizing data from The Cancer Genome Atlas, 
Genotype-Tissue Expression Project, and Tumor Immune Estimation Resource 
databases through the Sangerbox platform. Our results indicate a pronounced 
upregulation of MRPS33 in glioma tissues, which is significantly associated with poor 
prognosis, heightened immune cell infiltration, and differential drug sensitivities. 
Furthermore, functional enrichment analyses suggest that MRPS33 is intricately 
involved in several key biological processes, thereby underscoring its potential role in 
glioma pathophysiology. In conclusion, our findings support the potential of MRPS33 
as a prognostic biomarker and therapeutic target in glioma, providing insights that 
may advance our understanding of disease mechanisms and inform future clinical 
strategies.
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1. Introduction
Glioma, which encompasses both glioblastoma multiforme (GBM) and lower-grade 
glioma (LGG), stands as one of the most significant and challenging diseases impacting 
human health across the globe, with a notably higher incidence observed in men 
than in women.1,2 Patients afflicted with this condition frequently experience a range 
of distressing symptoms, including persistent headaches, seizures, and cognitive 
impairments, all of which can severely diminish quality of life.3 Although prior research 
has identified associations between glioma and risk factors such as ionizing radiation 
exposure and certain genetic predispositions, the precise mechanisms driving glioma 
pathogenesis remain largely elusive and poorly understood.4,5 Despite continuous 
advancements in diagnostic tools and therapeutic interventions, significant hurdles 
persist, particularly in early detection and improving patient prognosis, both of which 
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have seen only marginal progress over recent decades.6-8 
These limitations underscore the urgent need to investigate 
glioma pathogenesis more thoroughly and to identify 
robust biomarkers that can facilitate early diagnosis, 
improve prognostic accuracy, and ultimately reduce 
medical costs associated with this formidable disease.

The mitochondrial ribosomal small subunit (MRPS) 
family has emerged as a promising group of cancer-
related biomarkers, providing valuable insights into the 
complex mechanisms underlying tumor development and 
progression.9-12 Furthermore, these ribosomal components 
play a crucial role in the regulation of cell fate by influencing 
apoptosis and other cellular processes that govern cell 
survival and death pathways.13 Among the members of this 
family, mitochondrial ribosomal protein S33 (MRPS33) 
stands out as a highly conserved protein essential for 
mitochondrial protein synthesis – an activity central 
to mitochondrial function, often described as the cell’s 
powerhouse.14 Notably, MRPS33 has been linked to various 
health conditions, including sleep apnea, and has been 
associated with healthy substance density in children,15,16 
indicating its potential importance in developmental 
biology. In addition, MRPS33 is considered essential for the 
intricate processes involved in tumorigenesis, highlighting 
its relevance in cancer biology.17 Despite these established 
associations, a conspicuous gap remains in the literature: 
no studies have yet reported on the specific involvement 
of MRPS33 in glioma, a form of brain tumor that poses 
considerable challenges in treatment and understanding of 
its underlying biology.

In this study, we investigated the associations between 
MRPS33 expression and various clinical and molecular 
features of glioma to determine its prognostic significance. 
Moreover, we conducted functional enrichment analyses 
to explore the potential biological roles of MRP33 in 
glioma progression.

2. Methods
2.1. Analysis of MRPS33 expression in human cancer

Clinical data and RNA sequencing (RNA-seq) gene 
expression data from The Cancer Genome Atlas (TCGA) 
were analyzed using Sangerbox 3.018 (http://sangerbox.
com/) and the Xiantao platform (https://www.xiantao.
love/). Following the exclusion of data with missing clinical 
details, we included 529 LGG and 174 GBM samples for 
further analysis. Gene expression data were obtained in 
transcripts per million (TPM) format and normalized using 
log2(TPM+1) transformation. Normal tissue expression 
data were obtained from the Genotype-Tissue Expression 
(GTEx) database, version V8, with further details available 

on the official GTEx website (https://gtexportal.org/
home/datasets).19 Differential gene expression between 
normal and tumor samples was analyzed using the 
DESeq2 package.20,21 Additional gene expression datasets 
(GSE16011 and GSE61335) were retrieved from the Gene 
Expression Omnibus (GEO) database (https://www.
ncbi.nlm.nih.gov/geo/), a public repository of array-  and 
sequence-based genomic data.

2.2. Prognostic and clinical correlation analysis of 
MRPS33 in glioma

Tumor samples were divided into high and low MRPS33 
expression groups based on the median (50%) cutoff using 
the Xiantao platform. The survival package in R was used 
to examine the proportional hazards assumption and 
conduct Cox regression analysis. The rms package was 
used to construct and visualize nomogram models for 
clinical prediction.

2.3. Immune infiltration analysis of MRPS33 in glioma

Immune infiltration was assessed using the single-sample 
gene set enrichment analysis algorithm provided 
in the GSVA R package (version 1.46.0),22 based on 
24 immune cell-type gene markers derived from a 
published immunology study.23 RNA-seq data from the 
TCGA-Glioma project (https://portal.gdc.cancer.gov), 
processed using the STAR pipeline, were used for this 
analysis.

2.4. MRPS33 interaction networks

Gene‒gene and protein‒protein interaction networks 
for MRPS33 were generated using GeneMANIA24 and 
STRING,25 respectively.

2.5. Statistical analysis

Group differences were evaluated using Student’s t-test. 
p<0.05 was considered statistically significant.

3. Results
3.1. MRPS33 expression across cancers

MRPS33 expression was analyzed using data from 
the TCGA database. Elevated MRPS33 expression 
was observed in 15 cancer types, including GBM and 
LGG (Figure  1A). On integration of TCGA and GTEx 
datasets, MRPS33 expression was found to be significantly 
upregulated in gliomas (both GBM and LGG) as well as in 
25 other cancer types (Figure 1B). These findings suggest 
that MRPS33 is broadly dysregulated across multiple 
tumor types, including GBM and LGG, and may play a 
critical role in tumor progression.

https://dx.doi.org/10.36922/cp.4987


Cancer Plus MRPS33 and glioma

Volume 7 Issue 2 (2025)	 13� doi: 10.36922/cp.4987

3.2. MRS33 as an independent prognostic factor for 
glioma

MRPS33 expression was further assessed using GEO 
datasets, which confirmed its elevated expression in 
glioma samples (Figure  2A and B). We then analyzed 
the relationship between MRPS33 expression and glioma 
clinical features using TCGA data. High MRPS33 expression 
was significantly associated with higher World Health 
Organization (WHO) grade, isocitrate dehydrogenase 
(IDH) mutation status, histological subtype, and older age 
(Figure 2C-F).

Survival analysis of glioma patients in the TCGA 
cohort revealed that lower MRPS33 expression was 
associated with improved overall survival (OS), disease-
specific survival (DSS), and progression-free interval (PFI) 
(Figure 2G-I). In addition, subgroup analyses that patients 
with high MRPS33 expression – regardless of 1p/19q 
codeletion status, race (White), age (≤60), or gender, 
had poor prognoses (Figure  2J-N). Both univariate and 
multivariate Cox regression analyses indicated that WHO 
grade, IDH mutation status, histological subtype, gender, 
primary therapy outcome, and MRPS33 expression were 
significantly correlated with OS (Table 1).

To further assess the potential of MRPS33 as a glioma 
biomarker, we examined its correlation with other 
established glioma biomarkers26 and found that MRPS33 
expression was positively correlated with these markers 
(Figure 3). A prognostic nomogram was constructed using 
data from the TCGA glioma cohort to predict OS, DSS, 
and PFI, incorporating pathological stage and MRPS33 
expression as prognostic factors (Figure 4A-C). Based on 
calibration curves, the glioma nomogram demonstrated 
good predictive performance for glioma patient outcomes 
at 1, 3, and 5 years (Figure 4D-F). These compelling results 
further underscore the promising potential of MRPS33 as 
a valuable glioma biomarker, suggesting its relevance in 
clinical applications and future research endeavors.

3.3. Correlation between MRPS33 gene expression 
and immune cell infiltration in glioma

Given the critical and multifaceted role of immune cells in 
glioma progression27,28 – a type of brain tumor – a thorough 
analysis was conducted to explore the intricate relationship 
between MRPS33 expression and the infiltration of 24 
distinct immune cell types. In the GBMLGG dataset, 
MRPS33 expression was significantly correlated with 15 

Figure 1. MRPS33 mRNA expression in tumor and normal tissues. (A and B) MRPS33 expression in pancancer analysis through (A) The Cancer Genome 
Atlas (TCGA) and (B) TCGA+ Genotype-Tissue Expression databases. Differential gene expression between normal and tumor samples was assessed 
using DESeq2. 
Notes: ns: p>0.05; *p<0.05; **p<0.01; ***p<0.001.
Abbreviation: MRPS33: Mitochondrial ribosomal protein S33
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Figure 2. Expression and prognostic analysis of MRPS33 in glioma. (A and B) Validation of MRPS33 expression in glioma via the Gene Expression Omnibus 
dataset. (C-F) Correlation between MRPS33 expression and clinical characteristics, including WHO grade (C), IDH mutation status (D), histological 
subtype (E), and age (F). (G-N) Correlations between MRPS33 and survival or demographic variables, including overall survival (G), disease-free 
survival (H), progression-free interval (I), and 1p19q codeletion: noncodel (J), race (White) (K), age (J), and sex (M and N). 
Notes: *p<0.05; **p<0.01; ***p<0.001.
Abbreviations: HR: Hazard ratio; MRPS33: Mitochondrial ribosomal protein S33; IDH: Isocitrate dehydrogenase. 
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major immune cell types (Figure 5A). Specifically, MRPS33 
expression was negatively correlated with memory T cells, 
central memory T cells, and natural killer cells, gamma 
delta T cells, follicular helper T cells, plasmacytoid 
dendritic cells, and CD8+ T cells, and regulatory T cells 
(Figure  5B-I). The observed diversity of both tumor and 
immune cell populations suggests that MRPS33 expression 
in glioma may vary significantly from its expression in 
various immune cell types. This highlights the complexity 
of the tumor microenvironment and underscores the 
potential implications for targeted immunotherapeutic 
strategies.

3.4. Gene interaction network of MRPS33 in glioma

The protein and gene interaction networks of MRPS33 
across cancers are shown in Figure 6A and B. We further 
examined the correlation between MRPS33 expression 
and that of several interacting genes specifically in glioma. 
This analysis uncovered significant positive correlations 
with LSM3, MRPS23, MRPL13, and MTIF2 (Figure  6C). 
Notably, these genes were highly expressed in glioma 
cases, and patients with elevated expression levels of 
these genes exhibited significantly worse prognoses 
(Figure 6D-E).

3.5. Functional analysis of MRPS33 in glioma

To elucidate the functional role of MRPS33 in glioma, we 
performed a correlation analysis using LinkedOmics.29 A 
heatmap was generated to illustrate genes mostly strongly 
correlated with MRPS33 expression (Figure  7A and B). 
The Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analysis indicated significant 
involvement in oxidative phosphorylation, ribosome, 
Parkinson’s disease, phosphorylation signaling cascades, 
and inositol phosphate metabolism (Figure  7C). Gene 
ontology (GO) annotation further revealed that the 
correlated genes are involved in translational elongation, 
mitochondrial gene expression, mitochondrial respiratory 
complex assembly, glutamate receptor signaling, and trans-
synaptic regulation (Figure 7D).

3.6. Drug sensitivity analysis of MRPS33

Using the gene set cancer analysis platform,30 we 
assessed the correlation between MRPS33 expression 
and drug sensitivity based on data from the Genomics 
of Drug Sensitivity in Cancer (GDSC)31 and Cancer 
Therapeutics Response Portal (CTRP)32 databases. 
According to the GDSC analysis, MRPS33 expression 
was positively correlated with sensitivity to several drugs, 

Table 1. Univariate and multivariate Cox regression analyses of clinical characteristics associated with overall survival 
in glioma patients

Characteristics Total (N) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) p‑value Hazard ratio (95% CI) p‑value

WHO grade 636

G2 223 Reference Reference

G3 245 2.967 (1.986 – 4.433) <0.001*** 2.056 (1.297 – 3.259) 0.002**

G4 168 18.600 (12.448 – 27.794) <0.001*** 6.333 (2.010 – 19.952) 0.002**

IDH mutation status 688

Wild type 246 Reference Reference

Mutant 442 0.116 (0.089 – 0.151) <0.001*** 0.374 (0.231 – 0.606) <0.001***

Gender 698

Female 297 Reference Reference

Male 401 1.250 (0.979 – 1.595) 0.073 2.089 (1.326 – 3.292) 0.002**

Primary therapy outcome 464

PD 112 Reference Reference

SD 148 0.440 (0.294 – 0.658) <0.001*** 0.412 (0.248 – 0.684) <0.001***

PR 65 0.167 (0.073 – 0.385) <0.001*** 0.199 (0.071 – 0.558) 0.002**

CR 139 0.131 (0.063 – 0.273) <0.001*** 0.167 (0.078 – 0.361) <0.001***

MRPS33 698 2.245 (1.744 – 2.890) <0.001*** 1.282 (0.755 – 2.179) 0.358

Notes: *p<0.05, **p<0.01, ***p<0.001.
Abbreviations: CR: Complete response; IDH: Isocitrate dehydrogenase; PD: Progressive disease; PR: Partial response; SD: Stable disease; 
WHO grade: World Health Organization grade.
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including dasatinib, olaparib, RG-108, and daporinad, 
indicating that elevated MRPS33 expression may 
enhance the therapeutic efficacy of these compounds. 
Conversely, MRPS33 expression showed a negative 
correlation with sensitivity to other compounds such as 
HBX-41108, GW-405833, STF-31, and marinopyrrole 
A, suggesting that increased MRPS33 expression 
could potentially diminish the effectiveness of these 
particular drugs (Figure  8A). In parallel, analysis using 
the CTRP database revealed that MRPS33 expression 
was positively correlated with increased sensitivity to 
multiple chemotherapeutic agents, including bleomycin 
(50 µM), BX-795, olaparib, RO-3306, camptothecin, and 
docetaxel. These results further support the notion that 
MRPS33 may play a significant role in mediating drug 
response. However, MRPS33 expression was negatively 
associated with sensitivity to dabrafenib and PLX4720, 
indicating a complex and potentially context-dependent 
relationship between MRPS33 expression and drug 
efficacy (Figure 8B).

4. Discussion
Gliomas remain one of the most challenging tumors in 
neuro-oncology, necessitating continued research into their 
pathogenesis, early detection, and innovative therapeutic 
approaches aimed at enhancing patient outcomes. The 
identification of novel cancer biomarkers and therapeutic 
targets is critical, and bioinformatics analysis of tumor 
datasets is of paramount importance, as it provides critical 
insights into the molecular underpinnings of various 
malignancies.33-35

In pediatric populations, MRPS33 has previously 
been significantly associated with bone mineral density 
and lean body mass,16 as well as with the development of 
sleep-disordered breathing phenotypes.15 However, there 
has been a conspicuous lack of studies investigating the 
potential role of MRPS33 in glioma prognosis or immune 
regulation.

In our research, we discovered that MRPS33 expression 
was notably upregulated across a wide array of cancer 

Figure 3. Correlation between MRPS33 expression and established glioma biomarkers. (A-F) Correlation between MRPS33 expression and the expression 
of EGFR (A), IDH1 (B), IDH2 (C), DAXX (D), TERT (E), and MYB (F).
Abbreviation: MRPS33: Mitochondrial ribosomal protein S33.
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Figure 4. Nomogram and calibration curves for predicting 1-, 3-, and 5-year survival outcomes in glioma patients. (A-C) Nomogram integrating MRPS33 
and other prognostic factors to predict overall survival, disease-free survival, and progression-free interval in glioma patients based on The Cancer Genome 
Atlas data. (D-E) Calibration curves comparing predicted survival probabilities (X-axis) with actual observed outcomes (Y-axis).
Abbreviation: MRPS33: Mitochondrial ribosomal protein S33.
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Figure  5. Correlation between MRPS33 expression and immune cell infiltration in glioma. (A) Correlation between MRPS33 expression 
and immune cell infiltration levels using the Tumor Immune Estimation Resource database. (B-I) Correlations between MRPS33 
expression and specific immune cell types: effector memory T cells (Tem) (B), central memory T cells (Tcm) (C), natural killer cells 
(D), gamma delta T cells (E), follicular helper T cells (F), plasmacytoid dendritic cells (G), CD8+ T (H), and regulatory T cells (I).  
Notes: *p<0.05, **p<0.01, ***p<0.001.
Abbreviation: MRPS33: Mitochondrial ribosomal protein S33.
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types, including glioma. Higher MRPS33 expression was 
significantly correlated with poorer OS, DSS, and PFI in 
patients diagnosed with glioma. These compelling results 
clearly suggest that MRPS33 may play a pivotal role in 
the pathophysiology of glioma. Furthermore, calibration 
curves and nomogram analyses reinforced the predictive 
value of MRPS33 in clinical prognosis.

Collectively, our findings support the view that the 
MRPS family, of which MRPS33 is a member, holds 
considerable promise as a group of tumor markers in 
the ongoing quest for effective cancer diagnostics and 
therapeutics.9-12

Gliomas account for approximately 81% of all 
malignancies affecting the central nervous system, 
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Figure 6. Interaction network analysis of MRPS33.(A and B) MRPS33 interaction network at the protein (A) and gene (B) levels across multiple cancers. 
(C) Correlations between MRPS33 expression and LSM3, MRPS23, MRPL13, and MTIF2 in glioma. (D-E) Expression levels and prognostic significance 
of LSM3, MRPS23, MRPL13, and MTIF2 in glioma. 
Notes: *p<0.05, **p<0.01, ***p<0.001.
Abbreviations: TCGA: The Cancer Genome Atlas; GTEx: Genotype-Tissue Expression; MRPS33: Mitochondrial ribosomal protein S33.
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underscoring their clinical significance. Over the past 
decade, the advent of immunotherapy has dramatically 
reshaped the treatment landscape for various tumors, 
offering new hope and strategies for combating these 
challenging conditions.36 However, the intricate interaction 
between gliomas and immune infiltration remains complex 
and incompletely understood, presenting both significant 
challenges and promising opportunities for researchers 
and clinicians alike.37

The glioma microenvironment, a specific form of the 
tumor microenvironment, is characterized by a pronounced 
state of immunosuppression, primarily driven by tumor-

associated macrophages and microglia (TAMs). These cells 
can constitute a staggering 30 – 50% of the tumor’s cellular 
population. TAMs play a critical role in suppressing T-cell 
activity through the secretion of immunosuppressive 
cytokines, including transforming growth factor-beta 
and interleukin-10, while simultaneously promoting 
angiogenesis and tumor invasion. Furthermore, additional 
components such as immune checkpoint molecules, 
myeloid-derived suppressor cells, and regulatory T cells, and 
highly expressed programmed death-ligand 1 contribute 
to a network of immunosuppressive mechanisms that 
significantly hinder the antitumor immune response.38-40 

Figure  7. The Kyoto Encyclopedia of Genes and Genomes (KEGG) and gene ontology (GO) enrichment analyses of MRPS33-related genes in 
glioma. (A and B) Heatmaps showing the top 50 genes positively (A) and negatively (B) correlated with MRPS33. (C and D) KEGG pathway (C) and GO 
biological process (D) enrichment analyses for MRPS33-related genes.
Abbreviations: FDR: False discovery rate; MRPS33: Mitochondrial ribosomal protein S33. 
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Figure 8. Drug sensitivity analysis of MRPS33. (A and B) Analysis of human cancer CTRP (A) and GDSC (B) data for the correlation between MRPS33 
expression and drug sensitivity.
Abbreviations: CTRP: Cancer Therapeutics Response Portal; FDR: False discovery rate; GDSC: Genomics of Drug Sensitivity in Cancer; MRPS33: 
Mitochondrial ribosomal protein S33.

BA

Although cytotoxic T cells and natural killer cells are present 
within the glioma microenvironment, their numbers and 
functional capacity are typically insufficient to mount an 
effective immune response against tumor progression.38 
In addition, the immune evasion mechanisms employed 
by gliomas significantly exacerbate treatment challenges, 
posing a formidable barrier to effective therapeutic 
intervention.39,41 This dual mechanism – comprising both 
immune suppression and immune evasion – enables 
gliomas to grow unchecked and resist conventional 
therapeutic approaches that may be effective in other 
cancer types.

In our comprehensive study, we found that MRPS33 
expression was significantly associated with the infiltration 
levels of 15 major immune cell types within the glioma 
microenvironment. This suggests a potential link between 
MRPS33 expression and immune modulation in glioma. 
Notably, MRPS33 expression was negatively correlated 
with several immune cell populations, including central 
memory T cells, effector memory T cells, natural killer cells, 
gamma delta T cells, follicular helper T cells, plasmacytoid 
dendritic cells, CD8+ T cells, and regulatory T cells. To 
the best of our knowledge, this study represents the first 
exploration linking the MRPS family to tumor therapy from 
an immunological perspective, highlighting the potential 
significance of MRPS33 in this context. Our findings 
suggest that MRPS33 could serve as a crucial regulatory 
factor within the realm of immunotherapy, warranting 
further in-depth investigation into its functional roles and 
therapeutic implications.

To gain a deeper understanding of the intricate 
role that MRPS33 plays in the context of glioma, we 

conducted a series of comprehensive analyses, which 
included gene‒gene interaction mapping, KEGG 
pathway analysis, and GO enrichment assessments. Our 
research revealed 20 genes that interact with MRPS33, 
with significant positive correlations observed between 
MRPS33 and LSM3, MRPS23, MRPL13, and MTIF2. It is 
noteworthy that MRPS23, another member of the MRPS 
gene family, has been shown to facilitate breast cancer 
metastasis and diminish sensitivity to CDK1 inhibitors, 
highlighting its critical role in cancer progression.42,43 
Furthermore, a recent study has identified MRPS23 
as a promising prognostic biomarker for glioma, 
underscoring its clinical relevance.44 These findings 
collectively suggest that MRPS33 may also exert multiple 
functional roles within the glioma microenvironment. In 
addition, our functional enrichment analysis indicated 
that MRPS33-associated genes in glioma are intricately 
involved in several biological processes, including 
oxidative phosphorylation, ribosome function, the 
pathophysiology of Parkinson’s disease, phosphorylation 
signaling cascades, inositol phosphate metabolism, 
translational elongation, mitochondrial gene expression, 
mitochondrial respiratory complex assembly, the 
glutamate receptor signaling pathway, and trans-synaptic 
regulation. Importantly, many of these signaling pathways 
have previously been implicated in the regulation of 
malignant glioma phenotypes.45

Finally, our data revealed a significant relationship 
between MRPS33 expression and sensitivity to a diverse 
array of antineoplastic drugs, further emphasizing the 
considerable potential of MRPS33 in tumor treatment and 
therapeutic strategy development.
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However, it is important to note that this research is 
strictly confined to the realm of bioinformatics, and as 
such, it carries inherent limitations. Looking ahead, it 
will be crucial to further validate MRPS33 expression in 
glioma through both in vitro and in vivo experiments. 
These studies will provide a clearer understanding of the 
role MRPS33 which plays in regulating the malignant 
phenotype associated with glioma. In addition, we aim 
to elucidate the biological mechanisms underlying 
MRPS33 activity. It is also essential to investigate the 
potential connections between MRPS33 and the immune 
microenvironment, as well as its impact on drug sensitivity, 
both of which require thorough experimental validation. 
In future research, we will concentrate on designing and 
implementing relevant experiments to analyze these 
critical issues in greater detail. This will enhance the depth 
and robustness of our research, solidify our conclusions, 
and ultimately provide a robust theoretical foundation for 
the continued development of MRPS33 as a promising 
tumor marker.

5. Conclusion
A comprehensive bioinformatic investigation of MRPS33 
has provided valuable insights into its potential role in 
glioma prognosis and diagnosis. These findings support 
the possibility of MRPS33 serving as a reliable biomarker. 
Furthermore, this extensive analysis could pave the way 
for the future development of MRPS33 as a therapeutic 
target, with the potential to improve patient outcomes and 
advance the field of neuro-oncology.
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