ARTICLE https://nhsjs.com/

The Role of TERT in Glioma: A Multi-Omics Approach Through
Bioinformatics Analysis

Sahana Sriram!

Received November 11, 2025
Accepted May 5, 2026
Electronic access June 15, 2026

TERT (Telomerase Reverse Transcriptase), a catalytic subunit of the telomerase enzyme that drives increased cell proliferation
by lengthening telomeres and delaying apoptosis, is commonly mutated in glioma. This study evaluates the connection between
the TERT gene and glioma outcomes using different bioinformatics tools - the cBioPortal for Cancer Genomics, the UCSC
Genome Browser, and UALCAN. It utilizes a multi-omics framework by integrating genomics (TERT mutations and copy
number alterations via cBioPortal) and transcriptomics (mRNA expression levels via UALCAN). The main source of data for
this study was the cBioPortal MSK Clinical Cancer Research dataset for glioma, which utilized a sample of 923 patients to
conduct survival and mutation analysis. The objective of this study was to assess whether TERT expression can serve as a
biomarker for the diagnosis and treatment of glioma. The hypothesis is that TERT will be a potential diagnostic biomarker
candidate due to its expression being associated with glioma malignancy and negative outcomes. The most frequent mutations
associated with TERT are 5’flank mutations in the noncoding promoter regions of DNA that increase TERT transcription by
creating binding sites for ETS transcription factors. Survival analysis using Kaplan-Meier plots indicates that mutated TERT in
glioma patients is associated with negative outcomes and lower survival rates. UALCAN analysis reveals that high expression
of TERT is associated with glioma malignancy and increased tumor progression. These results suggest a strong relationship
between TERT expression and glioma, supporting its potential as a biomarker for enhanced diagnosis and treatment options.
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Introduction

In 2026, more than two million Americans are projected to
be diagnosed with cancer. One of the most deadly cancers,
glioma, or tumors of the brain and spinal cord, is found in
over 20,000 Americans each year and can vary in severity de-
pending on the type'l. For example, Glioblastoma (GBM), a
type of glioma, is one of the fastest-growing cancers and is
the most common brain cancer, with a median survival rate
for adults of 15 months. This is incredibly low compared
to diseases such as breast cancer, where patients may live up-
wards of 10 years depending on the progression of the cancer
upon diagnosis=. Common risk factors for glioma include ag-
ing, exposure to ionizing radiation, and a family history of the
disease in some cases*. Despite continued research into im-
proving diagnosis and treatment options, the five-year survival
rate for glioma remains very low, at only 35.7% for all patients
with a malignant brain tumor, and glioma research continues
to be incredibly prevalent=.

Glioma originates from glial cells, which are non-neural
cells in the central nervous system that support neurons but
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do not conduct synaptic interactions or electrical signaling.
Malignant glioma is generally classified into three common
subtypes based on the type of glial cell the tumor originates
from: Astrocytomas, Oligodendrogliomas, and Ependymo-
mas®®,  Astrocytomas stem from astrocytes, the most com-
mon type of glial cell, and can vary in aggressiveness, with
Glioblastoma being the most severe. Oligodendrogliomas de-
velop from oligodendrocytes and are less infiltrating, often be-
ing found in middle-aged adults. The least common of the
subtypes, Ependymomas, originate from Ependymal cells that
line the ventricular cavities and the central canal of the spinal
cord, and are common in children®.

The Telomerase Reverse Transcriptase (TERT) gene is a
catalytic subunit of telomerase that allows the enzyme to be
reactivated in cells®. Telomerase is responsible for maintain-
ing telomeres, the protective end caps of cell DNA composed
of a repetitive set of six base pairs, 5’-TTAGGG-3’ 10 These
telomeres shorten following every cycle of mitosis, eventually
triggering apoptosis, or cell death. As most human somatic
cells have low levels of telomerase or lack the enzyme alto-
gether, cells follow a programmed cycle of senescence and do
not proliferate infinitely. The reactivation of the TERT gene
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has the potential to enable a cell to continuously regenerate
its telomeres, thereby avoiding apoptosis altogether. This has
significant implications for tumor growth and the proliferation
of cancer cells 1,

This study examines the impact of TERT expression on
glioma outcomes and investigates whether it can serve as a
biomarker for glioma diagnosis and prognosis. While pre-
vious studies have investigated TERT for its involvement in
pan-cancer, this study aims to expand on that research by fo-
cusing specifically on glioma. The hypothesis is that TERT
will be a potential diagnostic biomarker candidate because the
expression of TERT will be associated with malignant glioma.
This will be evaluated through the use of online tools for data
analysis to examine survival curves, mRNA expression, and
mutations. This study is significant for the improvement of
patient-specific diagnosis based on the use of TERT as an in-
dicator of glioma. In the future, these findings could also lead
to personalized gene-targeting therapies to treat cancer by in-
hibiting the ability of TERT to enhance cancer cell prolifera-
tion.

Methods

This study utilizes several bioinformatics tools to analyze the
expression of TERT and its effects on glioma. The cBioPortal
for Cancer Genomics (v6.4, accessed 4/11/2026) was used to
detail the mutated form of TERT and conduct survival analy-
sis based on the expression of TERT’s effects on both survival
and progression-free rates. CBioPortal imports data directly
from the TCGA firehouse legacy dataset. This study uses data
from a study that uses targeted sequencing on MSK-IMPACT
and FMI panels of 923 Glioma patients*. Log-rank tests and
hazard ratios were calculated in order to assess the statistical
significance of the differences in survival and progression-free
rates for the unaltered and altered groups, as well as the magni-
tude of these differences. The UCSC genome browser (hg38,
accessed 4/11/2026) was used to locate the TERT gene'™. Fi-
nally, the University of Alabama’s UALCAN-TCGA dataset
(accessed 4/11/2026) was used to plot the expression of TERT
based on sample types, patient age, and tumor grade for both
Glioblastoma and brain lower-grade glioma in order to find
associations between TERT expression and negative glioma
outcomes 7, UALCAN utilizes level 3 TCGA RNA-seq
data'l®. Log-rank testing was conducted to calculate statistical
significance between the survival rates of high-expression and
low/medium-expression groups. This study utilizes a multi-
omics framework by integrating genomics (TERT mutations
and copy number alterations via cBioPortal) and transcrip-
tomics (mRNA expression levels via UALCAN).

Results

TERT Mutation Analysis

The TERT gene is located on the p arm of chromosome 5, on
the 15.33 band. Specifically, it is located between 1,253,187 -
1,295,068 bp (base pairs) and has a length of 41,902 bp [Fig-
ure 1B]. Mutations and copy number alterations are examined
for 923 glioma patients using the OncoPrint tool in cBioPor-
tal for Cancer Genomics, a tool that compacts all genetic al-
terations across multiple cancer samples for easy visualization
and analysis of trends. Of the 923 patients, 564 were classified
as altered due to having at least one alteration to the gene, with
an overall alteration frequency of 60.9%. The most common
mutation is a 5’ flank, or a mutation in the noncoding pro-
moter regions of DNA, with 95.51% of the 564 altered cases
having it. Mutations in the promoter regions of TERT, par-
ticularly the C228T and C250T hotspots, have been found to
increase transcription of TERT by creating new binding sites
for ETS transcription factors'®. This allows for the reactiva-
tion of the telomerase enzyme that often begins tumorigene-
sist220. I total, there are 596 putative driver mutations, all of
which are 5’flank. Additionally, there are 28 total mutations
with unknown significance, with 26 missense, one truncating,
and one fusion mutation. The somatic mutation frequency is
60.3% [Figure 1A].

Survival Analysis

Of the 923 patients, 813 were used to calculate overall sur-
vival between the TERT unaltered (n=252) and TERT altered
(n=561) groups. The altered group includes all patients with
at least one alteration to the TERT gene. The TERT unal-
tered group predicts a higher overall survival rate than the al-
tered group in the cBioPortal MSK Clinical Cancer Research
dataset for glioma (log-rank test P=9.01e-9). The hazard ratio
(HR) is 0.459 (95% confidence interval 0.362 - 0.582) [Fig-
ure 2A]. Additionally, 547 of the 923 patients were used to
calculate progression free rates between the TERT unaltered
(n=201) and TERT altered (n=346) groups. The TERT un-
altered group predicts a higher progression-free rate than the
altered group (log-rank test P=2.09e-8). The HR is expressed
as 0.512 (95% confidence interval 0.411-0.637) [Figure 2B].
This data indicates that TERT is statistically significant for
both overall survival and progression-free rates, as the P value
is below 0.05 for both curves. Furthermore, high expression
of TERT predicts a lower survival rate than low/medium ex-
pression of TERT in the UALCAN survival curve for Lower
Grade Glioma (LGG). This analysis uses 511 samples from
the TCGA database to compare high expression(n=126) and
low/medium expression (n=385) groups. Expression levels
are calculated in transcripts per million, with samples with
gene expression levels greater than or equal to the 3rd quartile
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Fig. 1 Mutation analysis and gene location are displayed. (A) In this dataset, 564 out of 923 samples were classified as altered due to having at
least one alteration to the gene. Mutation Analysis in the cBioPortal OncoPrint tool shows that the most common mutation on the TERT gene
is promoter (putative driver).(B) The TERT gene is located on the p arm of the 5th chromosome, on the 15.33 band. This figure was taken from

the UCSC genome browser.

of expression levels classified as high expression, and samples
with levels less than the 3rd quartile classified as low/medium
expressionlﬂ'. The p-value again falls under 0.05 (P=4.1e-3),
indicating that TERT is statistically significant and the high
expression of TERT is associated with negative outcomes for
LGG [Figure 2C].

Expression of TERT in Glioblastoma and Low-Grade
Glioma

The UALCAN-TCGA Glioblastoma multiform (GBM)
dataset is used to plot the expression levels of TERT based
on sample types and patient age, using Welch’s T-test for
all statistical comparisons. For sample types, a cohort
of 161 was used to compare TERT expression in tran-
scripts per million between the normal tissue (n=5), com-
ing from TCGA adjacent normal, and the primary tu-
mor tissue (n=156). The comparison between the two is
statistically significant (P=4.36e-05) [Figure 4A]. The ex-
pression of TERT in primary tumor tissue is significantly
higher than that in normal tissue, indicating that high lev-
els of TERT RNA expression are positively associated with
glioblastoma diagnosis. Expression of TERT is compared in
GBM between normal tissue (n=5) and 4 age groups: 21-
40 years (n=12), 41-60 years (n=67), 61-80 years (n=69),
and 81-100 years (n=7).There was initial statistical signif-
icance between Normal -vs-Age (41-60Yrs) (P=1.05e-02)
, Normal-vs-Age (61-80Yrs)(P=4.60e-07), Normal-vs-Age
(81-100Y1s)(P=1.86e-02), Age(21-40Yrs) -vs-Age(41-60Yrs)
(P=2.81e-02), Age(21-40Yrs)-vs-Age(61-80Yrs) (P=1.48e-
03), and Age(21-40Yrs)-vs-Age(81-100Yrs) (P=4.54e-02).
To account for multiple testing, the Bonferroni correction

was applied to create a statistically significant p-value thresh-
old of 0.01. After this correction, there remains statistical
significance between Normal-vs-Age (41-60Yrs), Normal-vs-
Age(61-80Yrs), and Age(21-40Yrs)-vs-Age(61-80YTs). [Fig-
ure 4B]. Overall, there are significantly higher levels of TERT
expression in primary tumor tissues compared to normal tis-
sue, and in ages 61-80 compared to 21-40.

Additionally, the UALCAN-TCGA brain lower-grade
glioma (LGG) dataset is used to plot the expression levels of
TERT in transcripts per million based on patient age and tu-
mor grade. Expression of TERT is compared in LGG based on
patient age for 504 samples in 4 groups: 21-40 years (n=243),
41-60 years (n=200), 61-80 years (n=60), and 81-100 years
(n=1). There was initially found to be statistical significance
between Age(21-40Yrs)-vs-Age(41-60Yrs)(P=7.62e-05) and
Age(21-40Yrs)-vs-Age(61-80Yrs) (P=4.73e-02) To account
for multiple testing, the Bonferroni correction was applied to
create a statistically significant p-value threshold of 1.25E-02.
After this correction, there remains statistical significance be-
tween Age(21-40Yrs)-vs-Age(41-60Yrs). [Figure 4C]. When
comparing TERT expression based on tumor grade, there is
statistical significance between grades 2 and 3 (P=2.54e-03),
which could indicate that TERT RNA expression is positively
associated with cancer progression [Figure 4D].

Discussion

Survival curve data of glioma regarding TERT, including over-
all survival rate and progression-free rate based on high and
low expression, was analyzed in Figure 2. The data for OS
(log-rank test P=9.01e-9) and progression-free (log-rank test
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Fig. 2 Survival Curves or Kaplan-Meier plots using log-rank tests display the overall survival (OS) probability and the progression-free (PF)
probability versus time. Plots A and B are taken from the cBioPortal for Cancer Genomics. (A) TERT is shown to be statistically significant in
0OS, as the p-value falls under 0.05 (P=2.09¢-8), so mutated TERT expression is associated with lower rates of survival. (B) TERT is found to
be statistically significant in PF rates, as the p-value falls under 0.05(P=9.01e-9), so mutated TERT expression is associated with lower PF as
well. (C) is from the UALCAN survival plots based on high and low/medium expression of TERT in Lower Grade Glioma (LGG). Expression
levels are calculated in transcripts per million, with samples with gene expression levels greater than or equal to the 3rd quartile of expression
levels classified as high expression, and samples with levels less than the 3rd quartile classified as low/medium expression’®1Z, TERT is shown
to be statistically significant, as the p-value again falls under 0.05 (P=4.1e-03). Therefore, high expression of TERT is associated with negative
outcomes for LGG. The cBioPortal and UALCAN-TCGA datasets draw from comparable but independent cohorts. Statistics: In figures A
and B, the altered group includes all patients with at least one alteration (a mutation of any type) to the TERT gene. (A) Utilizes a log-rank
test to compare overall survival rates of TERT unaltered (n=252) vs TERT altered (n=561) patients. (B) Utilizes a log-rank test to compare
progression-free rates of patients with TERT unaltered (n=201) vs TERT altered (n=346) patients (C) Utilizes a log-rank test to compare
survival probability rates of patients with high expression (n=126) and low expression (n=385) of TERT. Limitations: The observed survival
difference may be a result of several confounding variables, as univariate Kaplan-Meier analyses do not demonstrate independent prognostic
value. Due to the nature of the dataset, multivariable validation was not possible, but would be necessary in further studies to eliminate the
interference of covariates including age, grade, MGMT methylation?Y, subtype, IDH status, and treatment.

P=2.09e-8) is found to be statistically significant. This means
that TERT expression is negatively associated with survival
and lack of progression, indicating that TERT can prolong cell
life and increase proliferation, thereby leading to the progres-
sion of the disease.

TERT’s expression level for Glioblastoma, in transcripts per

million, is statistically significant when comparing the normal
tissue and primary tumor tissue samples. This indicates that
TERT is found at a significantly higher level in cancer cells
as compared to human somatic cells, so the presence of TERT
would be a clear indicator of the disease, making it a viable
biomarker. There is also statistical significance when com-
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Expression of TERT in GBM based on Sample types Expression of TERT in GBM based on patient’s age
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Fig. 3 Expression of TERT in transcripts per million in Glioblastoma multiforme (GBM) (figures A and B) and LGG (figures C and D) is
displayed using the UALCAN database for the Glioblastoma and LGG datasets, respectively. All comparisons use Welch’s T-test to compare
expression levels for various groups. (A) Expression of TERT is compared in GBM based on sample types, normal tissue (n=5) (IQR 0.016)
(SD=0.012) and primary tumor tissue (n=156) (IQR=0.427) (SD=0.320). The difference between the two is found to be statistically significant
(P=4.36E-05) (log2 fold-change=4.794), meaning TERT is expressed at a higher rate in cancer cells. (B) Expression of TERT is compared
in GBM between normal tissue (n=5) (IQR=0.016) (SD=0.012) and 4 age groups: 21-40 years (n=12) (IQR=0.033) (SD=0.025), 41-60 years
(n=67) (IQR=0.542) (SD=0.407), 61-80 years (n=69) (IQR=0.287) (SD=0.215) , and 81-100 years (n=7) (IQR=0.73) (SD=0.548).There was
initial statistical significance between Normal-vs-Age (41-60Yrs) (P=1.05e-02), Normal-vs-Age (61-80Yrs) (P=4.60e-07), Normal-vs-Age
(81-100Yrs) (P=1.86e-02), Age(21-40Yrs)-vs-Age(41-60Yrs) (P=2.81e-02), Age(21-40Yrs)-vs-Age(61-80Yrs) (P=1.48e-03), and Age(21-
40Yrs)-vs-Age(81-100Yrs) (P=4.54e-02). To account for multiple testing, the Bonferroni correction was applied to create a statistically
significant p-value threshold of 0.01. After this correction, there remains statistical significance between Normal-vs-Age (41-60Yrs) (log2
fold-change=4.858), Normal-vs-Age(61-80Yrs) (log2 fold-change=4.870), and Age(21-40Yrs)-vs-Age(61-80Yrs) (log2 fold-change=5.285).
(C) Expression of TERT is compared in LGG based on patient age, in 4 groups: 21-40 years (n=243) (IQR=0.024) (SD=0.018), 41-60 years
(n=200) (IQR=0.185) (SD=0.139), 61-80 years (n=60) (IQR=0.206) (SD=0.155), and 81-100 years (n=1) (IQR=0) (SD=0). There was ini-
tial statistical significance between Age(21-40Yrs)-vs-Age(41-60Yrs) (P=7.62e-05) and Age(21-40Yrs)-vs-Age(61-80Yrs) (P=4.73e-02). To
account for multiple testing, the Bonferroni correction was applied to create a statistically significant p-value threshold of 1.25E-02. After
this correction, there remains statistical significance between Age(21-40Yrs)-vs-Age(41-60Yrs) (log2 fold-change=5.555). (D) Expression of
TERT is compared in LGG based on tumor grades 2 (n=248) (IQR=0.08) (SD=0.06) and 3 (n=265) (IQR=0.118) (SD=0.089). The comparison
is statistically significant (P=2.5429E-03) (log2 fold-change=0.485), indicating that expression of TERT is positively associated with greater
progression of glioma.
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paring TERT expression in the age group of 21-40 to the age
group of 61-80. One possible explanation for this is the fact
that Glioblastoma primarily affects those above 60, with the
median age of diagnosis at 68-70 years of age*. Addition-
ally, the expression level of TERT for lower-grade glioma is
found to be statistically significant when comparing stages 2
and 3. This could indicate that in lower-grade glioma, TERT
expression is positively associated with the progression and
spread of the disease, as it is more expressed in later stages of
cancer.

This study advances research into glioma by confirming that
TERT expression in the human body results in greater pro-
liferation of cancer cells. Therefore, scientists can diagnose
glioma by identifying TERT because it is indicative of can-
cer, as it was found to be expressed at a significantly lower
rate in normal human somatic cells. This helps to ease di-
agnosis and prognosis and contributes to more efficient test-
ing practices. This method of data collection is quite reliable
due to the wide range of datasets available through online re-
sources. However, since some of the data comes from older
studies, there is a possibility that certain information may be
slightly outdated. The research hypothesis was supported by
data showing that high TERT mutation expression is linked to
lower overall survival rates, indicating a negative association
with glioma progression and making TERT a potential diag-
nostic biomarker candidate for the disease. However, further
clinical testing and performance metrics showcasing sensitiv-
ity (correctly identifying positive cases) and specificity (cor-
rectly identifying negative cases) would be necessary to con-

firm its status as a biomarker?Z,

Limitations

This study was limited due to the fact that it relied on available
online resources and was therefore unable to utilize laboratory
testing to explore the impacts of the TERT gene in a clinical
setting. Additionally, much of the research was retrospective
analysis on cancer patient cohorts, so there is a high risk of
selection bias and the influence of certain confounding vari-
ables (including age, grade, subtype, and available treatment)
is unknown. There is also a lack of dataset heterogeneity as
the TCGA dataset was the primary source for survival analy-
sis, and diverse sources or data collection methods were not
used.

Conclusion

Future research for this topic could explore possible gene-
targeting therapies to deactivate TERT in glioma cells and
thereby restrict cell proliferation and cancer progression.
Overall, this research emphasizes the ongoing need to support
glioma research, as significant challenges remain and there is

still much progress to be made in understanding and treating
the disease.
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