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A B S T R A C T   

This study explored the diagnostic and therapeutic values of the LSM5 gene in two commonest types of gliomas, i. 
e., lower-grade glioma (LGG) and glioblastoma multiforme (GBM) by exploiting a bioinformatics-based database 
mining pipeline. LSM5 gene was reported to be upregulated at both mRNA and protein levels in both LGG and 
GBM tissues compared to adjacent normal tissues. Moreover, overexpression of LSM5 was later observed to be 
linked with glioma patients’ demographic status and advancing cancer stages. Additionally, a differential and 
distinct methylation pattern of the LSM5 promoter and coding sequence in glioma tissues was reported. The gene 
of our interest was also discovered to undergo multiple amplification events (frequency of alteration: 1.1%) in 
both LGG and GBM patients. Furthermore, LSM5 overexpression was reported to be correlated with the poor 
overall and relapse-free survival of glioma patients. Subsequently, the immune phenotype analysis revealed that 
the expression of LSM5 correlates with the abundance levels of various immune cells i.e., B cell, T cell, dendritic 
cell, and immunomodulators, i.e., IL10RB, CD48, CD274 in glioma microenvironment. Finally, functional 
enrichment analysis of the neighbor genes of LSM5 showed that most of the genes are involved in different 
pivotal cellular processes like RNA splicing, DNA mismatch repair, and DNA replication. Overall, this study 
suggests that LSM5 and its downstream products are potential candidates for glioma diagnosis and treatment.   

1. Introduction 

Gliomas, one of the most pervasive primary intracranial tumors, can 
be developed from both the glial cells and their precursors as well as the 
neural precursors or stem cells [1,2]. These tumors are classified based 
on their histology, location, differential patterns, and anaplastic features 
ranging from World Health Organization (WHO) grade I to IV [3] About 
50% of brain tumors in children develop from the region below the 
tentorium cerebelli, but in adults, a great majority of brain tumors 
originate from the cerebral hemispheres [4]. Malignant gliomas are 
caused by abnormalities in chromosomes and in growth-factor signaling 
pathways. On the basis of underlying genetic distinctions, glioblastomas 
(GBM; grade IV gliomas) can be categorized into primary and secondary 
subtypes [5]. The amplification of the epidermal growth factor receptor 

(EGFR) is restricted to primary glioblastoma, whereas TP53 deletion has 
been found to be the molecular characteristic of secondary glioblastoma 
[6]. On the other hand, individuals with pediatric neurofibromatosis 
type 1 (NF-1) are more likely to develop lower-grade gliomas (LGG) 
which involve mainly grade I tumors [7]. Among different types of gli
omas, GBM and LGG are the most commonest and lethal forms of gli
omas that are responsible for a significant health burden worldwide. 

Cellular components such as ion channels, protease, neurotransmit
ters, and extracellular matrix (ECM) are needed for glioma cell pene
tration, whereas, the motility is associated with Ca2+ signaling, voltage- 
gated Ca2+ channels, inositol 1,4,5- triphosphate receptors (IP3Rs), and 
transient receptor potential channels [8]. ECM is one of the components 
of the tumor microenvironment (TME). TME plays a vital role in the 
formation of malignant tumors because, in a healthy state it protects 
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against tumorigenesis, and when not, will lead to the formation of tu
mors [9]. 

Due to the diffusivity of brain tumors, the effects are more devas
tating than strokes or other types of brain damage. The severity of the 
disease varies depending on the type, grade, location, or duration of the 
disease. It is also associated with other health conditions like depression, 
anxiety, and insomnia. Overall, gliomas may affect the cognitive func
tioning of the affected patients [10]. The prognosis in cases of 
high-grade glioma is still poor, despite the progress in conventional 
therapies. The mobility of tumor cells is a major factor in the ineffec
tiveness of treatments such as the removal of tumors via surgical means. 
Radiation therapy is also affected by the tumor’s hypoxic nature. 
Furthermore, poor prognosis is associated with a high recurrence rate of 
glioma that halts the way to mitigating the disease. All of the afore
mentioned reasons call for novel therapeutic approaches and the 
establishment of new prognostic markers [11,12]. 

The Smith-like (Lsm) proteins alongside Sm proteins, encoded by the 
respective homologs of U6 small nuclear RNA and mRNA degradation- 
associated genes, belong to a large family of biologically important 
proteins involved in RNA processing inside the human body [13,14]. 
The LSM family consists of 13 different members: LSM1-LSM12, 
LSM14A, and LSM14B. While this family of proteins is involved in 
controlling a variety of cellular functions, they are primarily essential for 
the normal processing and stability of ribosomal RNAs [15]. The ring 

LSM1-7 ring resides in the cytoplasm, and the LSM2-8 ring can be seen in 
the nucleus. It is evident that LSM1 and LSM8 are responsible for spec
ificity, as LSM2-7 are present in both cytoplasm as well as in the nucleus. 
A study showed that a reduction in the level of LSM causes a reduction of 
U6snRNA. So, the LSM2-8 complex actually functions in pre-mRNA 
splicing and helps to stabilize the U6 small nuclear RNA by creating 
the U6snRNA core [15,16]. But the defect in LSM genes can lead to the 
formation of several types of cancer. Overexpression of LSM1 has been 
seen in the advancement of malignant phenotypes of mesothelioma, 
lung cancer, and prostate cancer [17]. Furthermore, LSM1 over
expression has been demonstrated in 87% of human pancreatic tumor 
samples [18]. Similarly, elevated expression of LSM12 in the exosomes 
of cancer tissues coupled with lower levels of CD4 + T cells in the tumor 
microenvironment suggests that high levels of LSM12 might promote the 
transfer of colorectal cancer [19]. Besides, the upregulation of LSM12 
has also been found to be associated with oral squamous cell carcinoma 
progression [20]. In addition, LSM4 knockdown has been found to 
prevent colony formation, migration, and glycolysis metabolism in 
ovarian cancer cells which highlights the therapeutic potential of tar
geting LSM protein knockdown [21]. Thus, it may be suggested that 
altered expression of LSM5 could be seen in tumors such as glioma which 
provides a novel prognostic and therapeutic role of the LSM5 gene in 
glioma. However, the roles of LSM family of genes in glioma develop
ment and progression remain unstudied to date, though aberrant RNA 

Fig. 1. Strategic flowchart of the overall pipeline followed in the database mining approach in this study for the LSM5 gene against glioma databases.  
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processing has been proven to be associated with gliomagenesis [22]. 
In this study, we studied the differential expression pattern of the 

LSM5 gene in glioma patients with specific conditions alongside 
methylation patterns of promoter and coding sequence in LGG and GBM 
patients (Fig. 1). Additionally, we investigated the somatic mutation and 
copy number alteration frequencies in LGG and GBM tissues. We have 
also analyzed the correlations between LSM5 expression and survival 
outcome of glioma patients alongside LSM5 expression and the abun
dance levels of immune cells and immunomodulators in the glioma 
microenvironment. Next, we identified genes that are co-expressed with 
LSM5 in glioma tissues along and carried out the functional enrichment 
analysis on the top positively co-expressed genes. Finally, we investi
gated the expression pattern and validated the effect of LSM5 expression 
on the overall survival of glioma patients from independent datasets. 
The scientific findings of this study will help assess the diagnostic and 
therapeutic values of the LSM5 gene and its downstream products in 
LGG and GBM and recommend LSM5 for clinical implications. 

2. Materials and methods 

2.1. Examining the differential expression pattern of LSM5 in Glioma 
tissues at the mRNA and protein levels 

In this step, the differential expression pattern of the LSM5 gene in 
LGG and GBM tissues at the mRNA level was examined from two 
different servers i.e., GEPIA 2 (http://gepia2.cancer-pku.cn/) and 
OncoDB server (http://oncodb.org/) [1,2]. GEPIA 2 offers a compara
tive RNA expression data analysis between cancerous and normal tissues 
on the data collected from The Cancer Genome Atlas (TCGA) and 
Genotype-Tissue Expression (GTEx) cohorts [23]. The GEPIA2 platform 
preprocesses RNA-seq data collected from the GTEx and TCGA cohorts 
by subjecting the raw data to principal component analysis in order to 
eliminate the batch variations and outliers, which are then normalized 
to Transcript Per Million (TPM) units to allow the users to carry out 
differential gene expression analysis using normal and cancerous sam
ples. Similar to the GEPIA2 server, OncoDB also retrieves the RNA-seq 
data of normal and cancer tissues from both TCGA and GTEx studies. 
The raw reads are then aligned to the human genome with human 
RefSeq transcriptome and STAR protocols, while unaligned reads are 
eliminated [24]. After that, the raw read counts are normalized and 
transformed into TPM units to facilitate the comparative expression 
value representation in the form of boxplots. Moreover, the OncoDB 
server also utilizes statistical methods to calculate the logarithmic fold 
change (log2FC) between the test and control variables. After that, we 
evaluated the expression levels of LSM5 in 39 different glioma cell lines 
using the Expression Atlas server (https://www.ebi.ac.uk/gxa/home) 
[25]. Later on, we explored the Tissue and Pathology modules of the 
Human Protein Atlas server (https://www.proteinatlas.org/) to examine 
the protein level expression of the LSM5 gene in glioma and adjacent and 
normal brain tissues by investigating the immunohistochemistry images 
obtained using the anti-LSM5 protein antibody [26]. We also assessed 
the protein level expression of the LSM5 gene by exploring the Clinical 
Proteomic Tumor Analysis Consortium (CPTAC) database integrated 
into the UALCAN server. The UALCAN server collects the proteomic 
expression data from the CPTAC database and then normalizes the log2 
transformed spectral count ratio values to facilitate differential protein 
expression analysis between cancer and normal samples by performing a 
student’s t-test. 

2.2. 2.2. analyzing the LSM5 overexpression pattern across the 
demographic and clinical conditions of Glioma patients 

We examined the expression pattern of the LSM5 gene across 
different demographic and clinical conditions of glioma patients i.e., 
age, sex, Isocitrate Dehydrogenase (IDH) mutation status, glioma 
grades, and histological subtypes using the Chinese Glioma Genome 

Atlas (CGGA) server (http://www.cgga.org.cn/) [27]. The associations 
were evaluated utilizing the RNA-seq data (n = 693) obtained from 
glioma patients. This online platform includes processed RNA-seq data 
collected from >700 patients with glioma that were then mapped and 
counted with RSEM and STAR methods, respectively. Expression values 
of genes that show an expression level of >0 in at least half of the 
samples are then normalized into fragments per kilobase million tran
scriptome fragments (FPKM). The CGGA server then offers the associa
tion analysis between different gene/mRNA level features with the 
cancer clinical manifestation of brain cancer patients by performing an 
ANOVA. The result was considered significant based on the p-value 
cutoff of <0.05. 

2.3. Determining the LSM5 promoter and coding sequence methylation 
pattern in LGG and GBM patients 

The promoter and gene body methylation pattern of the LSM5 gene 
was first inspected by the OncoDB server. This analysis platform showed 
the significant methylated probes across the LSM5 promoter and coding 
sequence in LGG (n = 516) and GBM tissues (n = 148) obtained from the 
Illumina methylation 450k array studies of TCGA cohorts. After that, we 
inspected the UALCAN database (http://ualcan.path.uab.edu/) to 
extract methylation differences in LSM5 promoter per different age 
groups of LGG patients utilizing the TCGA LGG cohort [28]. Addition
ally, we also examined the methylation difference in LSM5 promoters 
based on the sample types of GBM tissues (i.e., normal and cancerous 
samples) using the TCGA GBM cohort. The methylation difference in the 
LSM5 gene coding promoter was determined by performing a student’s 
t-test between the control and test samples in the UALCAN server. Later 
on, the results were analyzed based on the p-value of the experiment. 
Lastly, we explored the Gene Set Cancer Analysis (GSCA) server 
(http://bioinfo.life.hust.edu.cn/GSCA/) to investigate the correlation 
between LSM5 gene methylation and its mRNA level expression and 
different survival rates of LGG and GBM patients [29]. 

2.4. Examining the somatic mutation and copy number alteration 
frequency in LSM5 gene in LGG and GBM tissues 

At first, we utilized the cBioPortal server (https://www.cbioportal. 
org/) to investigate the somatic mutation and copy number alteration 
(CNA) frequency in LSM5 gene by investigating different LGG and GBM 
cohorts involving whole genome sequence from glioma patients [30]. A 
total of 8 studies submitted by MSK, TCGA, CPTAC, and others spanning 
genome sequence data from more than 3970 LGG and GBM patients 
were selected for the analysis. The analysis parameter values were kept 
at default during this experiment. Later, the OncoPrint and Cancer Types 
Summary modules were inspected to examine the frequency of somatic 
mutations and CNAs in the LSM5 gene in LGG and GBM tissues. Lastly, 
we explored the mutation module of the GSCA online-based tool to 
examine the types of CNAs present in the LSM5 gene in LGG and GBM 
patients. We also examined the association between LSM5 mutations 
and their mRNA level expression and glioma patients’ survival rate from 
the GSCA server. 

2.5. Correlation analysis between LSM5 expression and Glioma patients’ 
survival conditions 

In this step, we first used the PreCog online-based web tool (https://p 
recog.stanford.edu/) to assess the association between the LSM5 
expression and LGG and GBM patients’ overall survival (OS) [31]. Later, 
the GEPIA2 server was utilized to evaluate the correlation between 
LSM5 gene expression and relapse-free survival (RFS) of glioma patients. 
Both the servers were first mounted to use TCGA LGG and GBM cohorts 
for analysis. The data were then divided into two groups, 
high-expression and low-expression, with both lower threshold values of 
50% of the mean. Finally, we assessed the hypothesis by performing a 
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log-rank t-test between two groups. Lastly, we also examined the impact 
of LSM5 expression on the OS of primary and recurrent glioma patients 
from the CGGA server. 

2.6. Determining the association between LSM5 expression and the 
abundance of immune cells and modulators in Glioma patients 

We first utilized the TIMER 2.0 server (http://timer.cistrome.org/) 
to examine the association between LSM5 expression and infiltration 
levels of different immune cells, i.e., B cell, T cell, dendritic cell in the 
glioma microenvironment [32]. TIMER 2.0 utilizes immune deconvo
lution studies on TCGA data to estimate the infiltration levels of different 
immune cells in cancer tissues and adjacent normal tissues with different 
integrated algorithms. We used the immune module of the TIMER 2.0 
server to assess the association between LSM5 gene expression and 
different immune cells i.e., B cell, T cell, and dendritic cell (DC) infil
tration levels in LGG and GBM tissues. We later investigated the TISIDB 
server (http://cis.hku.hk/TISIDB/) to examine the association between 
LSM5 expression and infiltration levels of different immunomodulators, 
i.e., stimulators and inhibitors in glioma patients [33]. The TISIDB 
server determines such association from the samples collected from 
cancerous and adjacent normal tissues during bulk RNA sequencing. The 
results were then obtained in the form of a scatter plot and interpreted 
based on the spearman correlation coefficient and p-value of the 
association. 

2.7. Identification of the top Co-expressed genes of LSM5 in Glioma 
tissues and their functional enrichment analysis 

In this step, we first retrieved all the co-expressed genes of LSM5 
from TCGA LGG and GBM cohorts (Firehose Legacy) found in the 
cBioPortal server. Later, we subjected the top 100 positively co- 
expressed genes of LSM5 from each glioma type to functional enrich
ment analysis i.e., KEGG (Kyoto Encyclopedia of Genes and Genomes), 
biological processes, molecular function, and cellular components with 
the help of the Clusterprofiler package in R studio [34]. Thereafter, we 
retrieved and visualized the top 10 enriched terms from each enrich
ment analysis with the help of the ggplot2 package [35]. Later, we also 
carried out a gene set enrichment analysis (GSEA) on all positively and 
negatively co-expressed genes of LSM5 in LGG and GBM tissues using the 
GSEA tool to understand the biological roles of the gene cluster better 
[36]. 

2.8. Validation of LSM5 gene expression and its impact on Glioma 
patients’ survival from independent dataset 

In this step, we investigated the expression pattern of the LSM5 gene 
from two independent microarray datasets i.e., GSE35493 and 
GSE50161 from the National Center for Biotechnology Information- 
Gene Expression Omnibus (NCBI-GEO) database [37–39]. GSE35493 
contains the total mRNA expression data from the pediatric brain cancer 
samples and adjacent normal brain tissue samples (n = 71). We only 
selected the glioma (n = 12) and normal brain samples (n = 9) for our 
analysis. Moreover, GSE50161 also incorporates the total mRNA 
expression profile of glioma (n = 34) and adjacent normal brain tissue 
samples (n = 13). The expression data were normalized (RMA) and log2 
transformed in R studio using the Bioconductor package [40]. The 
log2FC between the test and control variables was calculated using the 
LIMMA package [41]. We also evaluated the impact of LSM5 gene 
expression on the OS of glioma patients utilizing the clinical data (n =
74) of glioma patients from the GSE4412 dataset [42]. To validate the 
association, the clinical data were retrieved from the PrognoScan server 
and a long-rank t-test was performed between the higher and lower 
LSM5-expressing glioma patients using the survival and survminer 
packages in R studio [43–45]. 

3. Results 

3.1. Expression profile of LSM5 in Glioma and adjacent normal tissues at 
the mRNA and protein level 

We evaluated the mRNA level expression of LSM5 in glioma and 
adjacent normal brain tissues with the help of two different servers, i.e., 
GEPIA 2 and OncoDB. The analysis report from GEPIA 2 suggested that 
the LSM5 gene is highly expressed in LGG tissues (n = 518) than in 
adjacent normal brain tissues (n = 207) (p < 0.01) (Fig. 2a). In terms of 
GBM tissues, the cancerous samples (n = 163) again showed a higher 
level of expression when compared to the normal tissues (n = 207) (p <
0.01). The results obtained from the OncoDB server also indicated that 
LGG tissues express more LSM5 transcripts than the normal brain tissues 
as observed by a log2FC of 0.8 in cancerous tissues (p = 2.7e-69) 
(Fig. 2b). Moreover, LSM5 was also found to be highly expressed in GBM 
tissues (log2FC = 1.52, p = 7.3e-59) than in normal tissues from the 
OncoDB server. Later, we explored the LSM5 expression pattern in 39 
different glioma cell lines and we observed that the expression of our 
gene of interest ranged from 40 to 100 TPM in all glioma cell lines 
reflecting the noticeable higher expression of the LSM5 gene (Fig. 2c). 
Overall, the GB-1 cell line showed the highest LSM5 expression level 
followed by GAMG, LN-229, KNS-42, KNS-81, and so on. After that, we 
inspected the protein level expression of LSM5 in glioma tissues in 
comparison with the corresponding normal tissues by analyzing the IHC 
images of cancerous and normal brain samples reflecting protein level 
expression of LSM5 against the administered IHC antibody 
(HPA019054) from the HPA server (Fig. 3a). The normal tissues (i.e., 
cerebral cortex, cerebellum) showed no staining, whereas LGG and GBM 
tissues showed higher staining against the anti-LSM5 antibody admin
istered during the IHC experiment, suggesting that LSM5 is highly 
expressed at the protein levels in glioma tissues compared to the normal 
tissues. Lastly, we examined the protein level expression of the LSM5 
gene in glioma and normal brain tissues by exploring the CPTAC data
base. Similar to our previous analysis report, we also found that LSM5 
proteins are significantly and highly expressed in glioma tissues than in 
normal brain tissues (p = 2.60e-02) (Fig. 3b). 

3.2. Expression pattern of LSM5 across various clinical and demographic 
features of Glioma patients 

In this step, we discovered the expression pattern of LSM5 across 
different clinical and demographic conditions of glioma patients. We 
found that LSM5 expression increases gradually and significantly with 
glioma grade (from WHO II to WHO IV) (p = 4.3e-10) (Fig. 4). More
over, given the prevalence of isocitrate dehydrogenase (IDH) mutations 
in glioma patients, we also evaluated the expression pattern of LSM5 in 
relation to IDH mutation status. Reportedly, IDH mutant glioma patients 
showed lower LSM5 expression levels than wild-type glioma patients (p 
= 3.4e-05). Additionally, LSM5 mRNA expression was also found to be 
correlated to the sex of glioma patients. For instance, though the asso
ciation was not found to be statistically significant, a lower p-value of 
0.077 indicated that male patients express more LSM5 mRNAs when 
compared to female glioma patients (Fig. 4). Moreover, LSM5 expression 
was also reported to significantly increase with the advancing age of 
glioma patients as our analysis suggested that >42 years age groups 
express more LSM5 transcripts than those observed for <42 years age 
groups (p = 0.03) (Fig. 4). Lastly, we evaluated the expression pattern of 
LSM5 mRNA across different histological subtypes of glioma patients. 
Surprisingly, there was a significant and gradual increase in LSM5 
mRNA expression with increasing histological subtypes of glioma pa
tients. As such, oligoastrocytoma patients were reported to express the 
least level of LSM5 followed by an upward trend of LSM5 expression 
along with a few events of the downward trend and finally reaching the 
maximum level of expression in terms of GBM and rGBM (p = 9.3e-08) 
(Fig. 4). 
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Fig. 2. (a) The expression pattern of LSM5 mRNAs 
represented as a boxplot in glioma and adjacent 
normal tissues (GEPIA 2). (Red box: glioma samples; 
black box: normal samples). Expression values are 
presented as size factor adjusted TPM units i.e., log2 
(TPM+1) units. (b) The mRNA level expression 
pattern of LSM5 is represented as in glioma and 
adjacent normal tissues (OncoDB). Expression values 
are presented as the TPM units. (c) The heatmap 
representation of mRNA level expression pattern of 
LSM5 gene (in TPM unit) in different glioma cell lines. 
(For interpretation of the references to color in this 
figure legend, the reader is referred to the Web 
version of this article.)   

Fig. 3. (a) The IHC images (visualized at 200 μm) of glioma and adjacent normal tissues representing the protein level expression of LSM5 against the administered 
antibody (HPA019054) of IHC staining. (b) The protein level expression pattern of LSM5 is represented as a boxplot in glioma and adjacent normal tissues from the 
CPTAC database. Z-values refer to the standard deviations from the median across different clinical samples (i.e., normal and cancer samples). 
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3.3. Methylation pattern of LSM5 gene in Glioma and adjacent normal 
brain tissues 

The methylation pattern of the LSM5 gene in glioma and 

corresponding normal tissues was analyzed using the OncoDB and 
UALCAN servers. The analysis report from the OncoDB server suggested 
that the LSM5 promoter and gene body contain mostly less methylated 
landscape in LGG tissues as observed by a higher number of 

Fig. 4. The mRNA level expression pattern of LSM5 
across glioma grades, IDH mutation status, glioma 
patient’s age, sex, and histological subtypes. LSM5 
expression was found to correlate with the selected 
demographic and clinical conditions of glioma pa
tients. IDH: Isocitrate dehydrogenase, A: Astrocy
toma, O: Oligoastrocytoma, rA: Recurrent 
Astrocytoma, AO: Anaplastic Oligoastrocytoma, rO: 
Recurrent Oligoastrocytoma, AA: Anaplastic Astro
cytoma, rGBM: Recurrent Glioblastoma, rAA: Recur
rent Anaplastic Astrocytoma, GBM: Glioblastoma.   

Fig. 5. The promoter and gene body methylation 
pattern of LSM5 in (a) LGG and GBM tissues. (Beta 
value threshold: 0.7 to 0.5: hypermethylation, 
0.3–0.25: hypomethylation). Significant methylated 
probes between normal and glioma tissues were 
highlighted with red color dot symbols. (c) LSM5 
methylation pattern in LGG patients based on pa
tients’ age. (d) Comparative LSM5 methylation 
pattern between a normal brain and GBM tissues. (For 
interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of 
this article.)   
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hypomethylated probes with lower beta values (Fig. 5a). In the case of 
GBM tissues, similar to the LGG tissues, both the promoters and gene 
body of LSM5 were also found to contain multiple hypomethylated re
gions across its coding sequence (Fig. 5b). However, a slight pattern 
variation across the orientation of CpG islands in the LSM coding gene 
was observed between the LGG and GBM tissues. Additionally, a smaller 
number of methylation probes, specifically toward the downstream re
gion of the 5’ end, was found to have slightly hypermethylated regions 
in both LGG and GBM tissues (Fig. 5). Next, we explored the methylation 
difference of the LSM5 gene in accordance with the advancing age of 
LGG patients from the UALCAN server. Interestingly, the 61–81-year-old 
group of LGG patients showed a significantly lower level of LSM5 
methylation when compared to the methylation level in the 21–40 years 
group (p = 9.97e-05) (Fig. 5c). Additionally, the most advanced LGG 
patients (61–81 years) also showed a lower level of LSM5 methylation in 
comparison to their immediate predecessors (41–60 years). Thereafter, 
we examined the promoter methylation status of LSM5 in GBM tissues 
based on sample types i.e., normal brain tissue and GBM tissues. Though 
no significant association was observed, a lower p-value of the analysis 
indicated that LSM5 is hypomethylated in GBM tissues compared to the 
normal brain tissues (p = 2.79e-01) (Fig. 5e). Lastly, we inspected the 
impact of LSM5 methylation on its mRNA level expression and survival 
rates in LGG and GBM patients. Unsurprisingly, lower methylation of 
our gene of interest was positively correlated to the mRNA expression of 
LSM5 in LGG and GBM tissues (Supplementary Fig. S1a). Additionally, 
the lower methylation level of LSM5 was negatively associated with the 
overall (OS), disease-specific (DSS), and progression-free (PFS) survival 
of LGG and GBM patients (Supplementary Fig. S1b). 

3.4. Frequency of somatic mutations and copy number alterations in LGG 
and GBM tissues 

The frequency of LSM5 somatic mutation and CNAs was determined 

using the cBioPortal server. The analysis report suggested that the LSM5 
gene underwent amplification events in most of the selected studies with 
an alteration frequency of 1.1% (Fig. 6a). However, no sign of point 
mutations, i.e., nonsense, or missense mutations was observed across the 
LSM5 coding gene in LGG and GBM tissues. The analysis result on the 
distribution of LSM5 CNAs in LGG and GBM tissues reflected that GBM 
tissue contained most of the amplification events though other cohorts, 
i.e., LGG and GBM also showed that the LSM5 underwent amplification 
events (Fig. 6b). The analysis of the frequency of CNAs of the LSM5 gene 
in LGG and GBM tissues from the GSCA server also indicated that GBM 
tissues contain the greatest number of amplification events compared to 
LGG tissues (Fig. 6c). Interestingly, a small portion of the genomic 
studies involving LGG and GBM tissues showed the presence of a het
erozygous deletion. Later, we investigated the impact of LSM5 mutations 
on the mRNA level expression of LSM5 in LGG and GBM tissues. LSM5 
CNAs were found to be positively associated with their mRNA level 
expression in glioma tissues (Fig. 6d). Lastly, the impact of LSM5 CNAs 
on different survival rates of LGG and GBM patients was investigated 
from the GSCA server too. The presence of CNAs in LSM5 coding genes 
was found to be negatively associated with the OS, DSS, and PFS of both 
LGG and GBM patients (Fig. 6e). 

3.5. Association between LSM5 expression and Glioma patients’ survival 
conditions 

The survival analysis of cancer patients in relation to specific gene 
expression is paramount in the discovery of biomarkers. In this step, we 
utilized two different servers i.e., PreCog and GEPIA 2 to investigate the 
association between LSM5 expression and OS and RFS of glioma pa
tients. We found that LSM5 overexpression was significantly and nega
tively correlated with the OS of LGG patients (HR:1.87, p < 0.001) 
(Fig. 7a). Moreover, a higher HR of 1.38 signified that LSM5 over
expression might be a detrimental cause of GBM patients’ poor 

Fig. 6. (a) The distribution of the CNAs present in 
LSM5 genes in LGG and GBM patients. The colored 
column represents the LSM5 altered patients over the 
total columns. (b) Bar diagram representation of the 
frequency of LSM5 alterations (y-axis) in relation to 
different LGG and GBM studies (x-axis). (c) Types of 
different CNAs present in the LSM5 gene in LGG and 
GBM tissues. (d) Bubble plot representation of the 
correlation between LSM5 alteration and its mRNA 
expression in LGG and GBM tissues. (e) Bubble plot 
representation of the correlation between LSM5 
alteration and different survival rates of LGG and 
GBM patients. PFS: progression-free survival; OS: 
overall survival; DSS: disease-specific survival.   
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prognosis (p = 0.02) (Fig. 7b). In the case of RFS, LSM5 overexpression 
was again found to be responsible for the unfavorable survival in LGG 
patients (HR:1.70, p < 0.001) (Fig. 7c). On the contrary, LSM5 over
expression was found to be associated with favorable RFS of GBM pa
tients (HR:0.77) (Fig. 7c). However, though the association was not 
found to be significant (p = 0.22), considering the sample number of 
TCGA GBM (n > 500) cohorts, it was observed that LSM5 may predict 
the favorable RFS in a considerable number of GBM patients. Lastly, the 
predictive potential of LSM5 gene expression in primary and recurrent 
gliomas was evaluated from the CGGA server. LSM5 expression was 
found to be negatively associated with the OS of primary glioma and, 

hence, its overexpression was discovered to be able to predict the un
favorable OS of the primary glioma state (p < 0.001) (Supplementary 
Fig. S2). Additionally, LSM5 overexpression was also found to be 
negatively associated with the OS of recurrent glioma patients (p <
0.01) (Supplementary Fig. S3). 

3.6. Association between LSM5 expression and immune infiltration levels 
in Glioma microenvironment 

The correlation between LSM5 expression and the abundance of 
different immune cells in the glioma microenvironment was established 

Fig. 7. Kaplan-Meier plot representation of the correlation between LSM5 mRNA expression and the OS of (a) LGG and (b) GBM patients. Association between LSM5 
expression and the RFS of (c) LGG and (d) GBM patients. The vertical tick mark on the plot represents an event (death). LSM5 expression was found to be associated 
with both the OS and RFS of glioma patients. 

Fig. 8. Scatter plots representing the correlation between the abundance level of different immune cell population and LSM5 mRNA expression in (a) LGG and (b) 
GBM patients. A disproportionate level of association between LSM5 mRNA expression and the abundance of different immune cells was observed. 
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from the TIMER 2.0 server. LSM5 expression was found to be negatively 
associated with the B cell infiltration level in LGG patients (Cor: 0.205, p 
= 6.23e-06) (Fig. 8a). Additionally, LSM5 also showed a negative as
sociation with the CD8+ (Cor: 0.14, p = 2.22e-03) and CD4+ T (Cor: 
0.17, p = 1.88e-04) cell infiltration levels in LGG microenvironment. On 
the contrary, dendritic cell (DC) infiltration was observed to be posi
tively associated with LSM5 expression levels in LGG patients (Cor: 
0.135, p = 3.17–03) (Fig. 8a). Similar to LGG patients, LSM5 expression 
was observed to be negatively associated with the infiltration levels of B 
cells in GBM patients (Cor: 0.253, p = 2.88e-03) (Fig. 8b). However, in 
contrast to LGG patients, LSM5 expression was discovered to be posi
tively associated with the CD8+ T cell abundance level in the GBM 
microenvironment (Cor: 0.14, p = 2.22e-03). Again, CD4+ T cell 
abundance level showed a similar correlation pattern i.e., negative as
sociation in GBM patients as that were observed in LGG patients (Cor: 
0.377, p = 5.77e-06) (Fig. 8b). On the contrary, LSM5 expression 
showed again a different pattern of association with DC in GBM patients 
compared to LGG patients that is its expression was discovered to have a 
negative correlation with the DC cell abundance level in GBM patients 
(Cor: 0.265, p = 1.73e-03) (Fig. 8b). Overall, LSM5 showed a stronger 
correlation with most of the immune cells in GBM patients compared to 
the LGG microenvironment (Cor: ~ |2.5–3.8|). Later, we investigated 
the association between LSM5 expression and the infiltration levels of 
different immunomodulators such as immune inhibitors and immunos
timulators from the TISIDB server. We observed that LSM5 expression is 
positively associated with the infiltration levels of IL10RB and CD48 in 
both LGG and GBM patients (Cor:>0.19, p < 0.01). On the contrary, 
CD274 showed a negative association with the expression levels of LSM5 

in LGG and GBM patients (Cor:<-0.15, p < 0.05) (Supplementary 
Fig. S3). 

3.7. Functional relevance of the Co-expressed genes of LSM5 in LGG and 
GBM tissues 

The top 100 positive co-expressed genes of LSM5 from LGG and GBM 
tissues were utilized in the KEGG pathway and functional enrichment 
analysis. The KEGG pathway analysis revealed that most of the genes 
were involved in the function of the spliceosome, DNA replication, 
nucleotide excision repair, mismatch repair, proteasome activity, ho
mologous recombination, and so on (Fig. 9a). The biological processes 
analysis on the top co-expressed genes revealed that the genes were 
predominantly involved in RNA splicing. Moreover, a significant num
ber of genes were also found to be involved in maintaining some other 
crucial biological processes i.e., DNA replication, DNA strand elonga
tion, RNA localization, maintaining the function of the spliceosome, 
ribonucleoprotein biogenesis, and so forth (Fig. 9b). The major molec
ular functions of the top co-expressed genes of LSM5 in glioma tissues 
were observed to be the structural constituents of the ribosomes. Addi
tionally, a considerable number of genes were found to be involved in 
single-stranded DNA binding, ribonucleoprotein complex binding, cat
alytic activity on RNA, ATP-dependent activity on DNA, damaged DNA 
binding, telomeric DNA binding, DNA polymerase activity (Fig. 9c). The 
cellular component analysis on the top neighbor genes of LSM5 in gli
oma tissues revealed that most of the gene products were predominantly 
involved in the spliceosome complex (Fig. 9d). Lastly, all the co- 
expressed genes of LSM5 were utilized in the GSEA analysis. The 

Fig. 9. (a) The bubble plot representation of the top 10 enriched terms from KEGG analysis of the top neighbor genes of LSM5 in LGG and GBM tissues. The 
functional enrichment analysis report on the neighbor genes of LSM5 in LGG and GBM tissues represented in the form of bar plots: (b) biological processes, (c) 
molecular function, and (d) cellular component analysis. 
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results indicated that most of the top positively co-expressed genes of 
LSM5 in both tissues were majorly involved in crucial biological pro
cesses like G to M phase transition of the cell cycle, P53 pathway, 
unfolded protein response, and so forth (Supplementary Fig. S4). 
Additionally, the positively co-expressed genes of LSM5 were also found 
to receive higher enrichment scores for functions like epithelial to 
mesenchymal transition, E2F targets, and DNA repair. 

3.8. Expression pattern and survival impact of LSM5 gene on Glioma 
patients in independent datasets 

In this step, we evaluated the expression pattern of the LSM5 gene in 
two different publicly available microarray datasets i.e., GSE35493 and 
GSE50161. The LSM5 gene was observed to be highly expressed in gli
oma tissues (n = 12) compared to the adjacent normal brain tissues (n =
9) from GSE35493 dataset (log2FC: 2.35, p = 1.44e-08) (Fig. 10). 
Similarly, our gene of interest was also discovered to be highly expressed 
in glioma samples (n = 34) with a log2FC of 1.79 than in adjacent 
normal samples (n = 13) from the GSE50161 dataset (p = 6.45e-09) 
(Fig. 10). Later, we also examined the impact of LSM5 gene expression 
on the OS of glioma patients from the GSE4412 dataset (n = 74). LSM5 
overexpression was found to be significantly and negatively associated 
with the OS of glioma patients, suggesting its potential to be a prognostic 
marker for glioma stratification (p = 0.044) (Fig. 10). 

4. Discussion 

This study employed a comprehensive bioinformatics-based omics 
database exploration strategy to unravel the multi-factorial diagnostic 
and therapeutic values of the LSM5 gene in human brain cancer glioma. 
Differential gene expression analysis can facilitate the optimum under
standing of the functional roles of specific genes in healthy cells and 
oncogenic development [46–48]. Initially, the DEG analysis revealed 

that the gene of our interest is significantly upregulated in LGG and GBM 
tissues compared to the adjacent normal tissues, suggesting its possible 
underlying mechanism in the oncogenic development of normal brain 
tissues and subsequent metastasis. Additionally, a disproportionate level 
of LSM5 upregulation was observed across different age groups, sex 
statuses, and histological subtypes of glioma patients. Moreover, the IHC 
image inspection on the protein level expression of LSM5 in glioma 
tissues suggested that the LSM5 gene is also highly expressed in glioma 
tissues at the protein level. Therefore, the differential level of LSM5 
transcriptional and translational product expression may be adopted to 
capture the glioma condition, pathologic stages of glioma, site of 
metastasis, and metastatic potential of glioma cells. Additionally, 
LSM5-based diagnostic measures may also help determine the response 
to any LSM5-targeted therapeutic approaches for glioma patients. 

Aberrant gene methylation pattern is one of the major epigenetic 
etiological factors for cancer development. Abnormal methylation pat
terns of different genes can subject healthy cells to tumorigenic trans
formation by altering the expression levels of the concerning gene [49]. 
More specifically, promoter hypomethylation is associated with the 
upregulation of a particular gene in cancer tissues [50]. In this experi
ment, we recorded that the LSM5 promoter is hypomethylated in glioma 
tissues compared to normal tissues. Later, the hypomethylation pattern 
of the LSM5 promoter was found to be correlated with its mRNA level 
overexpression in glioma tissues. Therefore, our analysis suggests that 
the hypomethylated LSM5 promoter might be responsible for its over
expression in glioma tissues. Furthermore, the aberrant methylation 
patterns of different genes can provide a greater sensitive measure for 
glioma diagnosis and, unlike other pathologic testing options, abnormal 
DNA methylation is observed at an earlier stage of cancer development 
[51]. Additionally, tracking the gene methylation pattern from the 
bodily fluid of patients i.e., serum, can provide an accurate way of gli
oma stratification in a non-invasive manner [52]. In this study, the LSM5 
gene was found to have a distinct DNA methylation pattern in LGG and 

Fig. 10. The expression pattern and survival impact of the LSM5 gene in glioma patients from independent microarray datasets. The LSM5 gene was found to be 
significantly overexpressed (log2FC:>1.75) in glioma tissues and its overexpression was correlated with the unfavorable survival of glioma patients. 
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GBM tissues. Moreover, a significant variation in the methylation 
pattern of the LSM5 coding gene was recorded among advancing age 
groups of LGG patients, justifying the potential of LSM5 methylation 
status to be an epigenetic diagnostic measure for early-stage and 
non-invasive diagnosis of glioma patients. What’s more, aberrant DNA 
methylation patterns of different genes can provide an effective thera
peutic target for cancer treatment with strategies like regulating DNA 
methyltransferase activity [53]. In this study, we observed that the 
lower methylation pattern of the LSM5 gene is negatively associated 
with the OS, DSS, and PFS of glioma patients, suggesting its methylation 
pattern to be a potential candidate for epigenetic-based clinical de
cisions in glioma patients. 

Different somatic mutations in specific genes can drive the oncogenic 
processes in healthy cells and, unsurprisingly, different CNAs contribute 
to such deteriorating effects to a greater extent compared to other point 
mutations [54–56]. Such genetic alterations greatly affect cellular ac
tivity by disrupting the normal expression levels of the gene in question 
and also other genes (i.e., oncogenes, tumor-suppressor genes) within its 
interaction networks, and thus, propel the oncogenic transformation of 
healthy cells and subsequent metastasis, ultimately influencing the pa
tients’ survival [57]. In this experiment, we observed that LSM5 gene 
underwent multiple amplification events in different glioma cohorts. 
Later, the CNAs present in the LSM5 gene was found to be positively 
associated with its mRNA level expression in glioma tissues. We also 
found a negative correlation between LSM5 CNAs and the OS, DSS, and 
PFS of LGG and GBM patients, which signifies that the LSM5 alterations 
might further affect the prognosis of glioma patients. From the diag
nostic perspective, in vitro studies with clinical specimens suggest that 
CNAs present in different genes collected from sources like cerebrospinal 
fluid can predict the condition of glioma patients [58,59]. As a result, 
the observed CNAs in the LSM5 gene may further improve the precision 
of glioma diagnosis, and therefore, the amplification events in LSM5 
genes could be further investigated with studies involving more glioma 
samples from different demographic regions. 

Later, we discovered that LSM5 overexpression is negatively associ
ated with the OS of LGG and GBM patients and RFS of LGG patients, 
suggesting that LSM5 might have an underlying mechanism in the 
tumorigenic transformation of brain cells and glioma exacerbation. This 
further justifies the therapeutic potential of the LSM5 gene in LGG and 
GBM patients. On the contrary, LSM5 overexpression was favorable for 
the RFS of GBM patients which indicates that therapeutic intervention 
may contribute to improving the GBM prognosis by altering the dosage 
or activity of LSM5 though such an assumption requires further labo
ratory investigation. Moreover, the impact of LSM5 expression on the 
survival condition along with its overexpression pattern irrespective of 
glioma patients’ demographic and clinical condition suggests that the 
downstream products of the LSM5 gene might help track glioma patients 
throughout the clinical course, identify high-risk groups of patients, and 
recommend necessary follow-up measures. 

The immune-cell infiltration analysis revealed that LSM5 expression 
is disproportionately and strongly correlated to the abundance of 
different immune cells i.e., B cell, T cell, and DC in LGG and GBM pa
tients. Given the functional roles of immune cells in maintaining im
munity against cancer cells after getting produced in higher titer in the 
cancer microenvironment, these cell populations along with other im
mune mediators remain promising targets for glioma diagnosis and 
treatment [60–62]. For instance, high infiltration levels of CD8+ T cells 
in glioma patients predict favorable survival [63]. Therefore, the cor
relation between the abundance level of different immune cells and 
LSM5 in glioma patients may guide the propagation of a dual diagnosis 
and a combinatorial therapeutic approach along with LSM5-targeted 
ones. Furthermore, we also reported that LSM5 expression is correlated 
with the abundance level of different immunomodulators such as CD48, 
IL10RB, and CD274 in LGG and GBM patients. Previously, IL10RB 
overproduction was found to be associated with the unfavorable sur
vival of glioma patients [64]. Moreover, a recent study has 

systematically grounded that upregulation of CD48 in glioma patients 
predicts poor survival [65]. Hence, the association between LSM5 and 
different immunomodulator expressions in glioma tissues could further 
assist the LSM5-based diagnostic and therapeutic discovery for glioma 
patients. 

After that, the functional enrichment analysis on the top co- 
expressed genes of LSM5 in LGG and GBM patients revealed that most 
of the genes were predominantly involved in RNA processing. In recent 
years, RNA splicing genes have been reported to act as prognostic in
dicators for glioma patients [66,67]. Other biological functions of the 
co-expressed genes of LSM5 included damaged DNA binding, DNA 
replication, DNA repair and others which can give rise to the tumori
genic transformation of healthy cells upon deregulation [68,69]. Lastly, 
the expression pattern and impact of the LSM5 gene on glioma patients’ 
survival rates were validated using independent glioma microarray 
datasets i.e., GSE35493, GSE50161, GSE4412. The results obtained from 
the validation step also supported our initial findings such as LSM5 is 
highly expressed and negatively impacts the OS of glioma patients. 

In summary, the results obtained from the expression, methylation, 
and mutation analysis on the LSM5 gene in glioma patients indicate that 
the selected gene in this study might have an underlying mechanism in 
glioma development and progression. Moreover, the overexpression 
pattern and impact on the survival rates of the LSM5 gene in glioma 
patients suggest that the LSM5 gene and its transcriptional and trans
lational products could be potential targets for glioma diagnosis and 
treatment. Furthermore, the findings from the immunophenotype and 
neighbor gene analysis of LSM5 should further help develop LSM5-based 
diagnostic and therapeutic measures for glioma and improve the pre
cision of glioma diagnosis. 

5. Conclusion 

This study demonstrated that the LSM5 gene is differentially 
expressed in glioma tissues. Moreover, this study also deciphered that 
the LSM5 gene is aberrantly methylated in glioma tissues, predisposed to 
multiple alteration events, and its expression is associated with the 
prognostic condition of glioma patients. Multiple trajectories of the 
analytical outcome of this study suggest that LSM5 and its downstream 
products could be a potential target for LSM5-based glioma diagnosis 
and treatment. The immune abundance analysis revealed that the 
infiltration of different immune cells and modulators are associated with 
LSM5 expression that could help predict the glioma conditions. The 
functional enrichment analysis reported that the neighbor genes are 
involved in crucial biological processes which could drive glioma 
development and exacerbation upon deregulation. Therefore, the 
immunophenotype and neighbor genes of LSM5 in glioma tissues should 
also be explored when extending further laboratory research targeting 
LSM5 for glioma diagnostic measures and therapeutic intervention 
discovery. 
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