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Comprehensive analysis of mitochondrial
dynamic-related genes on their functions
and prognostic values for
glioblastoma multiforme
Glioblastoma multiforme (GBM) is the most malignant
intracranial tumor in adults and its unique pathology leads
to limited therapeutic benefits.1,2 Mitochondrial fusion and
fission play an important role in carcinogenesis; fragmented
mitochondria promote tumor cell proliferation and pro-
longed mitochondria lead to tumor cell apoptosis.3 There-
fore, profiling the function and prognostic value of
mitochondrial dynamics-related genes (MDRGs) is of great
interest for GBM precision treatment. Here we focused on
the expression, function, and genetic alterations of MDRGs
and identified new DNA methylation sites being significantly
associated with the survival of GBM patients using available
data in public databases. We then constructed the tumor
prognostic model that accurately forecast the survival of
GBM patients based on MDRGs’ signature. Furthermore, it
was demonstrated that the expression of MDRGs and risk
factors served as independent indexes to estimate the level
of immune infiltration in tumor microenvironment and
response to targeted immune checkpoints in GBM patients.
Notably, we filtered out acetaminophen targeting risk
genes as a candidate drug for GBM treatment after clari-
fying risk genes’ contribution to the cancer process at the
single-cell level. Overall, the new biomarkers, prognostic
model, and targeted drugs characterized in this study
provide a novel perspective for GBM management.

To verify the mitochondrial morphology in glioma cells,
we first examined the expression of MDRGs in tumor tissues.
The results showed that MFN2, MFF, OPA1, and MSTO1
expression was significantly down-regulated and YME1L1
and FIS1 expression was up-regulated in tumor tissues
(Fig. S1AeL, 2AeZ). Our differential expression gene anal-
ysis results supported that MDRGs contribute to the
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pathogenesis of gliomas. However, it remains inadequate as
an indicator of mitochondrial morphology in gliomas
because the expression of most genes related to mito-
chondrial fusion and fission decreased considerably. We
then performed functional enrichment analysis to annotate
the underlying mechanism and biological functions of
MDRGs. GO and KEGG analysis showed that selected MDRGs
were important for mitochondrial dynamics (Fig. S3CeF).
Additionally, the co-expression analysis results revealed
that MDRGs’ expression was significantly associated with
each other (Fig. S3A).

To explore the genetic alterations of MDRGs in GBM,
copy number variations (CNV) and single nucleotide vari-
ants (SNV) of the above genes in the GSCA database were
verified. At least one SNV in 251 samples out of 403 GBM
patients was found (62.28%). YME1L1 had the highest mu-
tation frequency and MFN1 showed the top missense mu-
tation frequency (Fig. S3B). CNV alteration analysis
indicated that the most frequent deletion was YME1L1 and
the amplified was FIS1, and both were heterozygous alter-
ations, as presented in Table S1. DNA methylation sites
display a strong specificity in cancer and have been devel-
oped as new targets for cancer therapeutics and diagnosis.4

Thus, we evaluated the correlation between MDRG DNA
methylation levels and gene expression as well as patient
prognosis in GBM. The analysis results showed that previ-
ously uncharacterized DNA methylation sites are signifi-
cantly associated with GBM patients’ prognosis (Fig. 1A and
Table S2, 3). Our study sheds light on identifying new bio-
markers and therapeutic targets for glioma through fea-
tures of MDRG methylation levels.

Then we developed a prognostic model based on the
MDRGs’ signature through LASSO and univariate COX
regression analyses. Firstly, we identified three MDRGs
(MFF, MSTO1, and MFN1) significantly associated with
behalf of KeAi Communications Co., Ltd. This is an open access
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Figure 1 Conceptualization and visualization of the functions and prognosis values of mitochondrial dynamic-related genes
(MDRGs) for glioblastoma multiforme (GBM). The following are the four major tasks to be addressed in this study: (i) whether
differential expression of MDRGs serves as an indicator of mitochondrial morphology in GBM; (ii) mining new biomarkers signifi-
cantly associated with GBM patients’ prognosis; (iii) establishing the tumor prognostic model based on MDRGs’ signature; (iv)
selecting drugs with therapeutic potential targeting risk genes for GBM patients. To resolve the above issues, we analyzed tran-
scriptomic data and corresponding clinicopathological information from the TCGA-GBM cohort to clarify the differential expression,
functions, and genetic alterations of MDRGs; to develop a prognostic model based on MDRGs’ signature through performing LASSO
and univariate COX regression analyses; to assess the independent indexing role of MDRGs’ expression and risk factors in immune
cell infiltration and immunotherapeutic response; to define their oncogenic role based on single-cell analysis of risk genes’
expression and functions; and to screen for possible therapeutic candidates for GBM according to the differences in expression and
the available interaction evidence of risk genes. Our findings show that (A) DNA methylation sites associated with patient prognosis
could serve as novel biomarkers, (B) the tumor prognosis model is accurate in predicting the survival of GBM patients, and (C)

acetaminophen could function as a candidate drug targeting risk genes for GBM treatment. However, since both mitochondrial
fusion and fission-related genes exhibited decreased expression in our analysis, we failed to phenotype mitochondrial morphology
in GBM from differential expression of MDRGs. ***P < 0.001.
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patient prognosis based on the analysis of transcriptomic
data of 167 GBM patients and corresponding clinicopatho-
logical information from the TCGA database using univari-
ate and multivariate Cox regression model (Fig. S4A, C). All
GBM patients were divided into high- and low-risk groups
based on the medium-risk score threshold (Fig. S5A).
Kaplan-Meier analysis uncovered that inferior prognosis in
the high-risk group. ROC curve analysis showed that the
area under the curve (AUC) of the indexing 1-, 3-, and 5-
year survival was 0.684, 0.693, and 0.944, respectively
(Fig. 1B). Next, we compared the prognosis value of risk
factors with other clinicopathological data on GBM patients
using LASSO analysis (Fig. S4B, D, H, 5H). The nomogram
revealed that the MDRGs’ signature was more important
compared with other clinical indicators (Fig. S5B).
Meanwhile, decision curve analysis results revealed that
prognosis prediction is more accurate based on risk factors
(Fig. S4G). The calibration curves displayed were consistent
with the actual GBM patients’ survival (Fig. S5C, D). The
above analysis results indicated that this model based on
MDRGs’ signature has a good performance in predicting GBM
prognosis and exhibits great accuracy in predicting
prognosis.

We subsequently explored the potential application of
MDRGs’ expression and risk factors to estimate the immune
cell infiltration level and immunotherapy response in GBM
patients. The analysis showed that the expression of MDRGs
was significantly associated with the infiltration level of
multiple immune cells and that risk factors were more
specific than MDRGs’ expression in immunotherapeutic
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response (Fig. S6AeD). Our findings showed that the
expression of MDRGs and risk factors could serve as inde-
pendent indexes to estimate the level of immune infiltra-
tion in the tumor microenvironment and response to the
targeted immune checkpoints.

To comprehensively understand the three risk genes’
biological functions in GBM, we performed a single-cell
analysis of risk genes’ expression and cellular functions.
The risk genes were the most abundant in malignant cells
and their expression was significantly related to carcino-
genesis (Fig. S7AeO). GSEA enrichment analysis showed the
risk genes’ functions significantly enriched in anti-tumor
immune pathways (Fig. S8AeF). Targeting MDRGs has great
potential for the treatment of cancers.5 Besides, we iden-
tified acetaminophen, which modulates risk gene expres-
sion, as a therapeutic candidate for GBM patients (Fig. 1C;
Fig. S9AeF).

In summary, our study provides a new perspective for
predicting GBM patients’ survival and drugs targeting risk
genes as novel candidate compounds for the treatment of
GBM patients.
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