
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(5):3610-3622 | http://dx.doi.org/10.21037/tcr.2020.04.16

Original Article

Elevated expression of mitochondrial transcription elongation 
factor (TEFM) predicts poor prognosis in low grade glioma—an 
analysis of the Cancer Genome Atlas (TCGA) dataset
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Background: Mitochondrial transcription elongation factor (TEFM) is a key molecule for mitochondrial 
DNA (mtDNA) replication-transcription switch. TEFM regulates both transcription elongation and RNA 
processing in mitochondria. However, the expression level and prognostic value of TEFM in low grade 
glioma (LGG) remain unclear. Therefore, in this study, we aimed to evaluate the clinical significance and the 
prognostic value of TEFM in LGG based on publicly available data.
Methods: The relative mRNA expression level of TEFM in non-tumor brain tissues and LGG tissues were 
retrieved from Gene Expression Profiling Interactive Analysis (GEPIA). The RNA-Seq expression of TEFM 
and clinical information in LGG patients were collected from the updated the Cancer Genome Atlas (TCGA) 
database by using R3.6.1 software. Next, the relationship between the mRNA expression of TEFM and 
clinicopathological characteristics were analyzed. Kaplan-Meier survival curves of overall survival (OS) and 
disease-free survival (DFS) were implemented for the relationship between the mRNA expression of TEFM 
and the prognosis of LGG patients. A Cox regression model was performed for the multivariate analysis of 
the factors affected the prognosis of LGG patients. GEPIA online tool was used to analyze the correlation 
between TEFM gene expression level and other related mitochondrial regulatory genes in LGG. Finally, 
The Gene Set Enrichment Analysis (GSEA) was performed to identify cell processes and molecular signaling 
cascades affected by TEFM.
Results: GEPIA analysis showed that the mRNA expression levels of TEFM in LGG were significantly 
higher than that of non-tumor tissue. Moreover, the mRNA expression of TEFM is significantly correlated 
with age, World Health Organization (WHO) grade, pathological types, headache history and supratentorial 
location (P<0.05). Kaplan-Meier analysis showed that a high expression level of TEFM mRNA indicated a 
poor prognosis in OS rate (log-rank, P<0.01). Multivariate Cox regression analysis showed that age, WHO 
grade, pathological types and supratentorial location were the independent prognostic factors of LGG 
patients. The mRNA expression levels of TEFM gene were positively correlated with the TFAM, TFB1M, 
TFB2M, MTERF1–F4 and NRF1 gene (P<0.01, R>0), but negatively correlated with the POLRMT gene 
(P<0.01, R=−0.18) in LGG. The GSEA revealed that genes associated with the cell cycle, RNA degradation, 
spliceosome, and ubiquitin mediated proteolysis signaling pathway were remarkably enriched in higher-
TEFM versus lower-TEFM tumors.
Conclusions: Our findings disclosed that the expression of TEFM mRNA was significantly upregulated 
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Introduction

Low grade glioma (LGG) is a group of heterogeneous 
neuroepithelial tumors arising from supporting glial cells 
of the central nervous system (1). The World Health 
Organization (WHO) has traditionally classified gliomas in 
four grades, according to histopathologic features like atypia, 
anaplasia, mitotic activity, microvascular proliferation and 
the presence of necrosis (2,3). These tumors seem to grow 
slow but continuously over time, usually along the white 
matter fibers of the hemispheres (4,5). Once malignant 
differentiation occurs, they behave as WHO grade III or IV 
tumors and a rapid neurological deterioration is expected 
before death (5). Currently, the mean survival of LGGs is 
generally less than 10 years from diagnosis (5). Therefore, it 
is of critical significance to identify and characterized novel 
markers in order to investigate new therapeutic approaches 
and improve patients’ clinical outcome.

Mitochondrial function is critical for the survival of 
eukaryotes. The main functions of mitochondria are to 
generate ATP, conduct biosynthesis, and cause cell death 
(including apoptosis and programmed cell necrosis) 
(6-8). In addition, mitochondria are also involved in 
important physiological processes such as the tricarboxylic 
acid cycle, oxidation of fatty acids and amino acids, and 
steady state regulation of calcium ions (9). Mitochondrial 
dysfunctions are involved in numerous human diseases, 
such as neurodegenerative diseases, heart diseases, 
diabetes, and cancer (10-12). An essential process for a 
normal mitochondrial function is mitochondrial gene 
expression which is tightly regulated in response to 
various physiological changes. The accurate control 
of mitochondrial gene expression is essential in order 
to provide the appropriate oxidative phosphorylation 
(OXPHOS) capacity for diverse metabolic demands. 
Human mitochondrial transcription elongation factor 
(TEFM) is also named C17orf42, which is an important 
protein factor involved in the regulation of mitochondrial 

gene transcription (13). TEFM gene is located within 
the region of 17q11.2 and contains 4 exons. Its mRNA 
transcript (NM_024683.3) is 1,357 bp in length and encodes 
a protein consisting of 360 amino acid residues, with 
1–35 amino acid residues at the N-terminal domain as its 
mitochondrial targeting sequences (MTS) (14). Previous 
studies have shown that TEFM is a key molecule for human 
mitochondrial DNA (mtDNA) replication-transcription 
switch (15). TEFM protein can specifically bind to 
mitochondrial RNA polymerase, and can significantly 
enhance the transcription extension activity of mtDNA both 
in vivo and in vitro (16,17). To the best of our knowledge, 
the expression of TEFM gene in LGG and its relationship 
with the development and prognosis of LGG patients have 
not been reported. 

This study was based on the Cancer Genome Atlas 
(TCGA) dataset to explore the relationship between the 
expression levels of TEFM gene and the clinicopathological 
characteristics of LGG patients and its prognostic 
significance. The role and mechanism of occurrence and 
development and prognosis provide theoretical basis, and 
also provide new ideas for gene targeted therapy of LGG.

Methods

Data collection from the TCGA database

The RNA-Seq expression (lgg_tcga_rna_seq_v2_mrna, 
combining level 3 data from Illumina GA and HiSeq 
platform) and clinical data for LGG patients were 
downloaded from TCGA data portal (http://cancergenome.
nih.gov/) by using the Cgdsr package of R3.6.1 software. 
The methods of biospecimen procurement, RNA isolation, 
and RNA sequencing were previously described by TCGA 
Research Network (18). All 530 LGG patients in the TCGA 
database were given a follow-up for 0 to 182 months. For 
the analysis of survival and follow-up, the data of surgery 
was used as the beginning of the follow-up period. The 

in human LGG tissues compared to non-tumor brain tissues. More importantly, the elevated expression of 
TEFM mRNA may potentially predict poor OS in LGG patients. 
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endpoint of the patient cohort analysis was the time to 
death or the date of the last visit (if no death occurred). All 
patients who died of diseases or accidents other than LGG 
were excluded from cohort.

Gene Expression Profiling Interactive Analysis (GEPIA) 
analysis of the difference of TEFM expression between 
LGG and non-tumor brain tissue in TCGA dataset

GEPIA is an online application tool that can be used 
to analyze the differential expression of genes in cancer 
and normal tissues. The TCGA and Genotype-Tissue 
expression (GTEx) datasets dataset includes 518 LGG 
tissue samples and 207 non-tumor brain tissue samples. 
GEPIA was used to analyze the expression difference of 
TEFM gene in LGG and non-tumor brain tissue.

Dataset screening and clinical pathological  
parameters of LGG

The data from a total of 530 LGG tissues were downloaded 
by using R3.6.1 software. The clinical data of the LGG 
patients in the TCGA dataset were filtered to keep cases 
with clinical parameters and survival data. After the dataset 
was filtered, 463 cases with complete clinical parameters 
and survival data were incorporated. According to the 

second-generation mRNA-sequencing data, the expression 
of TEFM mRNA in LGG tissues ranged from 60.1915 
to 290.2066, with a median of 119.048. If the expression 
of TEFM mRNA in an LGG tissue sample was greater 
than the median, it was defined as a high expression of 
TEFM; otherwise, it was considered a low expression of 
TEFM. Accordingly, TEFM mRNA was highly expressed 
in 231 cases and lowly expressed in 232 cases. The detailed 
information on the clinical features were quantitatively 
assigned in Table 1.

Correlation analysis of gene expression in LGG

GEPIA analysis were used to analyze the correlation 
between mRNA expression levels of TEFM gene and 
mRNA expression levels of other related mitochondrial 
regulatory genes in LGG. In this study, the selection of 
mitochondrial regulatory genes included: mitochondrial 
transcription factor A (TFAM); mitochondrial transcription 
factor B1 (TFB1M); mitochondrial transcription factor B2 
(TFB2M); mitochondrial transcription termination factor 1 
(MTERF1); mitochondrial transcription termination factor 
2 (MTERF2); mitochondrial transcription termination factor 
3 (MTERF3); mitochondrial transcription termination 
factor 4 (MTERF4); nuclear respiratory factor 1 (NRF1) and 
mitochondrial RNA polymerase (POLRMT) were analyzed, 

Table 1 Prognostic factors and assignment in LGG patients

Influencing factors Assignment explanation

Age ≤50 years old =1, >50 years old =2

Sex Male =1, female =2

WHO grade G2 =1, G3 =2

Pathological type Anaplastic astrocytoma =1, anaplastic oligoastrocytoma =2 astrocytoma =3, oligoastrocytoma =4, 
oligodendroglioma =5

Headache history Without =0, with =1

Histological diagnosis Astrocytoma =1, oligoastrocytoma =2, oligodendroglioma =3

Laterality Left =1, middle =2, right =3

Supratentorial location Cerebral cortex =1, white matter =2, other =3

Tumor location Frontal lobe =1, occipital lobe =2, parietal leaf =3, temporal lobe =4, other =5

TEFM expression Low expression of TEFM =1, high expression of TEFM =2

Survival time Actual survival time (months)

Patient outcome Alive =0, death =1

LGG, low grade glioma; WHO, World Health Organization; TEFM, mitochondrial transcription elongation factor.
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respectively.

Gene set enrichment analysis (GSEA) 

GSEA was performed using the Molecular Signatures 
Database (MSigDB) software, which was obtained from 
the Broad Institute (http://www.broad.mit.edu/gsea), as 
previously described (19,20). The goal of GSEA in our 
research was to identify the distribution of biological 
functions within the differentially expressed genes (DEGs). 
Enrichment map was used for visualization of the GSEA 
results. False discovery rate (FDR) value and normalized 
enrichment score (NES) were used to sort the pathways 
enriched in each phenotype after gene set permutations 
were performed 1,000 times for each analysis.

Approval was waived by the local ethics committee, as 
TCGA database, GEPIA online tool and GSEA software 
are publicly available and de-identified.

Statistical analysis

The patients’ clinical data, such as the patients’ age, 
sex, WHO grade, pathological type, headache history, 
histological diagnosis, laterality, tumor location, TEFM 
mRNA expression and other quantitative indicators analysis 
were quantitatively assigned after the establishment of the 
patient clinical database. Statistical analysis was carried 
out by SPSS 22.0 software (SPSS, Inc., Chicago, IL, 

USA) and GraphPad Prism 7.01 (GraphPad Software, 
La Jolla, CA, USA). The independent Student’s t-test 
was used to analyze the results and data expressed as the 
mean ± standard deviation (SD). The categorical data were 
summarized with frequencies and percentage. Shapiro-
Wilk method was used to detect the normal distribution 
of TEFM mRNA expression in LGG tissues. The results 
showed that the TEFM mRNA expression level did not 
conform to the normal distribution, so it was tested by 
using a Mann-Whitney U non-parametric test. Correlation 
analysis of TEFM expression and clinical pathological 
parameters by using χ2 test and Fisher’s exact probability 
method. Using the Survplot package of R3.6.1 software, 
Kaplan-Meier method was used to plotted survival curve 
and log-rank test was performed. In consideration of other 
confounding factors and the impact of a suppressor effect, 
variables with a significant value of P<0.1 were subjected 
to a multivariate Cox proportional hazard analysis and 
further screened by forward selection method to evaluate 
their independent effect. The Cox proportional hazard 
regression models were used for multivariate analysis, and 
the relative risks of dying were expressed as adjusted hazard 
ratios (HRs) and corresponding 95% confidence intervals 
(CIs). Pearson’s analysis was used to analyze the correlation 
of gene expression. All P values resulted from two-sided 
statistical testing. And a P<0.05 was considered to reveal a 
statistically significant difference, and P<0.01 referred to 
highly significant difference. 

Results

TEFM mRNA was upregulated in LGG tissues

GEPIA is an online tool based on TCGA and GTEx data. 
The LGG dataset of TCGA was visually analyzed by 
GEPIA. The results showed that the expression of TEFM 
mRNA in human LGG tissues (n=518) were significantly 
higher than that in non-tumor brain tissues (n=207). There 
was significant difference between LGG tissues and non-
tumor brain tissues (P<0.05; Figure 1).

Correlation of TEFM mRNA expression and 
clinicopathological characteristics in LGG patients

In the LGG dataset of TCGA, a total of 463 samples with 
complete clinicopathological parameters were available for 
analysis. The prognostic influencing factors of LGG patients 
were summarized in Table 1. Median age of this patient 

Figure 1 Relative expression of TEFM mRNA in LGG tissues 
and non-tumor brain tissues. *, P<0.05. TEFM, mitochondrial 
transcription elongation factor; LGG, low grade glioma.
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cohort was 41.0 years (range, 14.0–87.0 years). According to 
statistical analysis, we found that TEFM mRNA expression 
were significantly related with the age (P=0.024), WHO 
grade (P<0.001), pathological types (P=0.004), headache 
history (P=0.022), and supratentorial location (P=0.009) of 
LGG patients. There was no significant correlation with 
sex, histological diagnosis, laterality and tumor location 
(all P>0.05; Table 2). TEFM was upregulated in LGG 
tissues with older age, higher grade patients (Figure 2A,B). 
Moreover, the expression of TEFM mRNA was significantly 
upregulated in oligoastrocytoma and oligodendroglioma, 
compared with anaplastic astrocytoma (Figure 2C). The 
expression of TEFM mRNA was significantly upregulated 
in white matter and other location, compared with cerebral 
cortex (Figure 2D).

High expression of TEFM mRNA was correlated with poor 
survival in LGG patients

Disease-free survival (DFS), as well as the overall survival 
(OS), is of importance to LGG patients. To assess the 
prognostic value of TEFM expression in LGG, we next 
analyzed its correlation with OS and DFS. Differences 
in the survival time between high expression and low 
expression of TEFM in TCGA dataset were compared by 
Kaplan-Meier method, with p-values calculated via log-
rank test, using the Survplot package of R3.6.1 software. 
The results showed that mRNA expression of TEFM was 
significantly correlated with OS (HR =1.45; 95% CI: 1.01–
2.08; log-rank P=0.047; Figure 3A), but not significantly 
correlated with DFS (HR =1.06; 95% CI: 0.78–1.45; log-
rank P=0.692) in LGG patients (Figure 3B). Higher levels 
of TEFM expression were associated with a reduced OS, 
with median survival of 67.41 months, compared to the 
period of 95.50 months for the low TEFM expression 
group. However, the median DFS time of the TEFM high 
expression group (41.95 months) was not significantly lower 
than that of low expression group (42.90 months).

Multivariate Cox regression analysis the prognosis of LGG 
patients

The factors affecting the prognosis of LGG patients 
were analyzed by univariate analysis and multivariate Cox 
analysis. The results of univariate analysis showed that the 
age, WHO grade, pathological type, supratentorial location 
and expression of TEFM significantly affected the prognosis 
of LGG patients (all P<0.05). However, factors such as sex, 

headache history and laterality did not affect the prognosis 
of LGG patients (all P>0.05). Factors with P<0.1 in the 
above analysis were included in a Cox regression model for 
a multivariate analysis. The corresponding results suggested 
that age, WHO grade, pathological type and supratentorial 
location were independent factors affecting prognosis of 
LGG patients (all P<0.05; Table 3).

Correlation between the expression of the TEFM gene and 
other mitochondrial transcription regulatory genes in LGG

The results of Pearson’s correlation analysis showed that 
the expression levels of the TEFM gene in LGG samples 
were positively correlated with the expression levels of 
TFAM (P=0, R=0.59), TFB1M (P=0, R=0.51), TFB2M 
(P=0, R=0.68), MTERF1 (P=0, R=0.70), MTERF2 (P=0, 
R=0.36), MTERF3 (P=0, R=0.51), MTERF4 (P=0, R=0.51) 
and NRF1 (P=0, R=0.48) genes, but negatively correlated 
with the expression levels of the POLRMT gene (P=5.6e−05, 
R=−0.18; Figure 4).

Identification of TEFM-associated biological pathways by 
GSEA 

To identify TEFM-associated biological signaling pathways 
on an unbiased basis, we performed GSEA using high 
throughput RNA-sequencing data of the TCGA cohort. 
The expression level of TEFM was used as the phenotype 
label. Among all the predefined Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathways gene sets, 
cell cycle, RNA degradation, spliceosome and ubiquitin 
mediated proteolysis were found to be significantly 
associated with TEFM expression in the TCGA cohort 
(Figure 5), suggesting that TEFM may be involved in LGG 
development and progression through the above cancer-
associated signaling pathways.

Discussion

LGG is typically slow-growing gliomas having moderately 
increased cellularity generally without mitosis, necrosis, and 
microvascular proliferation, and there is no clear demarcation 
between glioma and non-tumor brain tissue, which 
significantly increases the difficulty of surgical resection (1-5).  
This is the main reason for the low survival rate and poor 
prognosis of glioma patients (21). In addition, glioma tissue 
has the characteristics of continuous and infinite replication, 
rapid angiogenesis, and immune escape, so it has a strong 
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Table 2 Correlation analysis between the expression level of TEFM mRNA and clinicopathological parameters of LGG

Clinical indicators N
TEFM expression, n (%)

χ2 P value
Low High

Age (years) 5.092 0.024

≤50 323 173 (53.56) 150 (46.44)

>50 140 59 (42.14) 81 (57.86)

Sex 0.372 0.541

Male 254 124 (48.82) 130 (51.18)

Female 209 108 (51.67) 101 (48.33)

WHO grade 13.523 <0.001

G2 222 131 (59.01) 91 (40.99)

G3 241 101 (41.91) 140 (58.09)

Pathological type 15.341 0.004

Anaplastic astrocytoma 116 48 (41.38) 68 (58.62)

Anaplastic oligoastrocytoma 71 27 (38.03) 44 (61.97)

Astrocytoma 57 36 (63.16) 21 (36.84)

Oligoastrocytoma 115 68 (59.13) 47 (40.87)

Oligodendroglioma 104 53 (50.96) 51 (49.04)

Headache history 5.220 0.022

With 168 96 (57.14) 72 (42.86)

Without 295 136 (46.10) 159 (53.90)

Histological diagnosis 5.260 0.072

Astrocytoma 173 84 (48.55) 89 (51.45)

Oligoastrocytoma 115 68 (59.13) 47 (40.87)

Oligodendroglioma 175 80 (45.71) 95 (54.29)

Laterality 0.282 0.871

Left 233 118 (50.64) 115 (49.36)

Middle 5 3 (60.00) 2 (40.00)

Right 225 111 (49.33) 114 (50.67)

Supratentorial location 9.451 0.009

Cerebral cortex 138 60 (43.48) 78 (56.52)

White matter 107 67 (62.62) 40 (37.38)

Other 218 105 (48.17) 113 (51.83)

Tumor location 1.910 0.753

Frontal lobe 273 134 (49.08) 139 (50.92)

Occipital lobe 5 2 (40.00) 3 (60.00)

Parietal leaf 41 23 (56.10) 18 (43.90)

Temporal lobe 133 69 (51.88) 64 (48.12)

Other 11 4 (36.36) 7 (63.64)

TEFM, mitochondrial transcription elongation factor; LGG, low grade glioma; WHO, World Health Organization.
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Figure 2 Relationship between TEFM and clinicopathological parameters in LGG patients. (A) Expression of TEFM in ≤50 and > 
50 years of LGG patients. 1, ≤50 years; 2, >50 years; (B) expression of TEFM in G2 and G3 of LGG patients. 1, G2; 2, G3; (C) expression 
of TEFM in different pathological type of LGG patients. 1, anaplastic astrocytoma; 2, anaplastic oligoastrocytoma; 3, astrocytoma; 4, 
oligoastrocytoma; 5, oligodendroglioma; (D) expression of TEFM in different supratentorial location of LGG patients. 1, cerebral cortex; 2, 
white matter; 3, other. *, P<0.05; **, P<0.01; ***, P<0.001. ns, no significance; TEFM, mitochondrial transcription elongation factor; LGG, 
low grade glioma.
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Figure 3 Kaplan-Meier survival curves of overall survival (OS) and disease-free survival (DFS) in LGG patients. Patients were classified into 
high or low TEFM expression groups according to their median level. OS (A) and DFS (B) were analyzed in 463 LGG patients, respectively. 
TEFM, mitochondrial transcription elongation factor; LGG, low grade glioma.

ability to invade and metastasize (22). Glioma is a highly 
heterogeneous tumor, and it is difficult to accurately locate it 
with chemoradiotherapy drugs, which results in glioma cells 
being highly resistant to chemoradiotherapy (23). Previous 
studies have found that the occurrence of malignant tumors 

is not only related to genetic material in the nucleus, but 
also to mtDNA outside the nucleus (24). Furthermore, 
the products of nuclear genes involved in mitochondrial 
replication and transcription molecules act as communication 
integrators between mitochondria and nucleus, playing an 
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Table 3 Univariate and multivariate Cox analysis of clinicopathological factors affecting the prognosis of LGG patients 

Clinicopathological characteristics
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (≤50 vs. >50 years) 3.31 2.26–4.85 <0.001 3.40 2.25–5.13 <0.001

Sex (male vs. female) 1.09 0.75–1.57 0.645 1.00 0.68–1.45 0.978

WHO grade (G3 vs. G2) 3.62 2.38–5.50 <0.001 2.95 1.45–5.99 0.003

Pathological type (vs. anaplastic astrocytoma)

Anaplastic oligoastrocytoma 0.56 0.33–0.96 0.035 0.40 0.23–0.90 0.001

Astrocytoma 0.23 0.11–0.47 <0.001 0.73 0.27–2.03 0.553

Oligoastrocytoma 0.37 0.22–0.62 <0.001 0.63 0.35–1.13 0.123

Oligodendroglioma 0.23 0.13–0.41 <0.001 0.51 0.23–1.16 0.107

Headache history (with vs. without) 0.85 0.58–1.25 0.413 0.94 0.63–1.42 0.771

Laterality (vs. left)

Middle 0.68 0.16–2.92 0.602 0.82 0.17–3.95 0.800

Right 0.72 0.50–1.05 0.084 0.70 0.47–1.04 0.076

Supratentorial location (vs. cerebral cortex)

White matter 1.65 0.94–2.89 0.080 1.96 1.08–3.53 0.026

Other 1.93 1.22–3.06 0.005 1.92 1.20–3.08 0.007

TEFM expression (high vs. low) 1.45 1.01–2.09 0.045 1.32 0.90–1.94 0.161

LGG, low grade glioma; WHO, World Health Organization; HR, hazard ratio; CI, confidence interval; TEFM, mitochondrial transcription 
elongation factor.

essential role in both homeostasis and tumorigenesis (25). 
Since the generalized acceptance of the Warburg effect as the 
mechanism underlying decreased OXPHOS and increased 
aerobic glycolytic energy production in cancer cells, a 
strong correlation has been found between mitochondrial 
dysfunction, represented by mitochondrial protein and DNA 
mutations and changes mtDNA content, and human cancers 
(26,27). The occurrence of malignant tumors is not only 
related to structural changes of mtDNA, but also closely 
related to the copy numbers and the expression levels of 
mtDNA. Increased mitochondrial RNA in pre-malignant 
colon lesion was first reported in 1989 (28). Thereafter a 
significant increase in elevated mtDNA copy number was 
demonstrated in endometrial adenocarcinoma (29), laryngeal 
squamous cell carcinoma (30), and thyroid tumors (31)  
compared to respective normal tissue. In contrast, mtDNA 
copy number and mitochondrial respiratory protein 
reduction were observed in hepatocellular carcinoma (32), 
ovarian carcinoma (33), breast carcinoma (34), and diffusely 
infiltrating astrocytomas (35). Furthermore, previous 

studies have suggested that mutations in mitochondrial 
genes and changes in mitochondrial dynamics are closely 
related to the occurrence and development of gliomas 
(36,37). As we known, TFAM is essential for the replication, 
transcription, and maintenance of mtDNA and, therefore, for 
mitochondrial homeostasis (38). In human glioma, evidence 
indicates that mRNA and protein levels of TFAM are 
upregulated, compared to non-tumor brain tissue. Moreover, 
the protein levels of TFAM positively correlated with the 
malignancy of gliomas (39). However, the relationship 
between changes in mitochondrial gene transcription 
levels and the occurrence and development of gliomas 
remains to be further clarified. As a necessary factor for 
regulating transcription elongation of mitochondrial genes, 
expression of TEFM in LGG, its role in the occurrence and 
development of LGG, and its relationship with the prognosis 
of LGG have not been reported.

In this study, we firstly discovered that the expression 
level of TEFM mRNA was significantly increased in LGG 
tissues compared to those in non-tumor brain tissues, and 
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Figure 4 The Correlations between the mRNA expression levels of TEFM gene and the mRNA expression levels of other mitochondrial 
regulatory genes in LGG patients. TEFM, mitochondrial transcription elongation factor; LGG, low grade glioma; TPM, transcripts per 
million.

the difference was statistically significant (P<0.05). Next, 
we used R3.6.1 software to download RNA SeqV2 data and 
corresponding clinicopathological data of 530 LGG tissues 
from the TCGA database. After processing, we obtained 
TEFM mRNA expression and clinical pathological data 

of 463 LGG patients. Statistical analysis showed that the 
expression of TEFM mRNA was significantly correlated 
with the patient’s age, WHO grade, pathological type, 
headache history, and supratentorial location in LGG 
patients. However, high TEFM levels were not associated 



3619Translational Cancer Research, Vol 9, No 5 May 2020

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(5):3610-3622 | http://dx.doi.org/10.21037/tcr.2020.04.16

with the patient’s sex, histological diagnosis, laterality, and 
tumor location. In addition, high expression of TEFM 
was dramatically associated with the old age, high WHO 
grade, advanced tumor status and short OS time. The above 
results suggest that the TEFM gene plays an important 
role in tumor progression in LGG as an oncogene. TEFM 
may be involved in the aggressive tumor progression 
of LGG patients, and it is related to the malignancy of 
the tumor. More importantly, TEFM expression was 
identified as an unfavorable prognostic factor of OS in 
LGG patients. In other words, the cumulative survival 
of LGG patients with high expression of TEFM was 
significantly shorter compared to those with low expression 
of TEFM. However, there was no significant difference 
between the two groups with DFS in LGG patients. The 
pathological factors that may affect the prognosis of LGG 
patients were further included in the Cox proportional 
hazard regression model, and univariate and multivariate 
analysis were performed. Univariate analysis showed 
that age, WHO grade, pathological type, supratentorial 

location, and TEFM mRNA expression of LGG patients 
may affect the prognosis of patients, while patients’ sex, 
headache history and laterality did not affect the prognosis. 
The results of multivariate Cox analysis suggested that 
age, WHO grade, pathological type, and supratentorial 
location were independent factors affecting the prognosis 
of LGG patients. Subsequently, we used GEPIA to analyze 
the correlation between the expression levels of TEFM 
gene and other mitochondrial transcription regulatory 
genes in LGG. We found that there was a significantly 
positive correlation between the expression levels of TEFM 
gene and TFAM, TFB1M, TFB2M, MTERF1–F4, NRF1 
genes (all P<0.01, R>0). There was a significantly negative 
correlation between the expression level of TEFM gene 
and POLRMT gene (P=5.6e−05, R=−0.18) in LGG. The 
above results suggested that the TEFM gene may be co-
expressed with other mitochondrial transcription regulatory 
genes and participate in the regulation of mitochondrial 
copy number and transcriptional level in LGG, which in 
turn affects intracellular energy metabolism. It is worth 
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noting that the expression of TEFM gene is negatively 
correlated with the expression of POLRMT gene in LGG. It 
is suggested that the synergistic effect of these two genes in 
malignant tumor cells may be different from that in normal 
tissues and cells, which needs to be further study. Finally, 
GSEA results showed that cell cycle, RNA degradation, 
spliceosome and ubiquitin mediated proteolysis were found 
to be significantly associated with TEFM expression in the 
TCGA cohort, suggesting that TEFM may be involved 
in LGG occurrence and development through the above 
cancer-associated signaling pathways.

Several drawbacks exist in this study. Firstly, our 
analysis utilized RNA-seq expression from LGG samples 
as reported by the TCGA, and protein data were not 
available to confirm these expression levels. Nonetheless, 
the uniform accuracy and precision of an integrated analysis 
as performed by TCGA Research Network, as well as its 
comprehensive clinical data, add strength to this study. 
In the follow-up study, we will use Western blot and 
immunohistochemistry to further analyze the expression of 
TEFM protein in LGG tissues. Secondly, data regarding 
recurrence sites and treatment modality are not available 
and limit the clinical outcome analysis of this study. Lastly, 
we were unable to analyze the molecular typing of LGG, 
and the correlation of TEFM expression with clinical 
biomarkers of LGG, as these expression data of biomarkers 
were not recorded in this TCGA dataset, thus limiting our 
conclusion of the role of TEFM in LGG. 

In summary, our data have provided evidence that TEFM 
is upregulated in human LGG. We also document for the 
first time that high expression of TEFM associates with the 
aggressive progression and poor prognosis in LGG patients, 
highlighting its potential as a prognostic marker and a novel 
molecular target for LGG treatment. Therefore, basic 
experiments in vitro and in vivo and large samples of patients 
with long-term follow-up outcomes are needed to confirm 
the effects of TEFM in LGG in the future. 
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