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Abstract 

Background Methylenetetrahydrofolate dehydrogenase 2 (MTHFD2) was found to be 

up-regulated in various cancers and has been identified as a potential target for cancer treatment, 

but the potential function of MTHFD2 in low-grade gliomas (LGG) has not been well-examined. 

This study initially revealed the potential function of MTHD2 and emphasized its importance in 

LGG. 

Methods We first explored the expression of MTHFD2 in LGG patients using Oncomine and 

UALCAN database. Survival analysis on LGG patients was then conducted based on age, gender, 

radiation therapy, histologic grade, tumor type and MTHFD2 expression. Cox regression analysis 

was also applied to predict the prognostic factor for overall survival (OS) of LGG. Finally, we 

performed enrichment analysis to reveal the potential MTHFD2-associated pathways involved in 

LGG.  

Results We found that MTHFD2 is highly expressed in LGG patients, and MTHFD2 expression 

is related with age, sub-types and TP53-mutation status (all P<0.05). Age, radiation therapy, 

histologic grade and tumor type were implicated in the survival of LGG patients (all P<0.05). 

High expression of MTHFD2 desirably improved the prognosis of LGG patients (P<0.001), 

especially for those patients with characteristics of age≥45 years old (P<0.001), receiving 

radiation therapy treatment (P=0.001), sub-type of astrocytoma and oligodendroglioma (all 

P<0.05), and histologic grade 3 (P<0.05). MTHFD2 was determined as an independent prognostic 

factor with age and grade for OS of LGG patients (all P<0.01). Pathway enrichment analysis 

indicated that MTHFD2 mainly participates in mTOR signaling pathway, apelin pathway and 

folate-mediated one-carbon metabolism. 

Conclusions The expression of MTHFD2 is associated with key clinical phenotype. High 

expression of MTHFD2 is favorable for the overall survival of LGG patients. MTHFD2 may serve 

as a novel prognostic biomarker and potential therapeutic target for LGG treatment.  

Key words: MTHFD2; lower-grade glioma; high expression; prognosis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 Introduction 

Glioma is the most common malignant tumor in the central nervous system, accounting for 

70% of brain cancers [1]. According to the latest statistic reports in China [2], 101,600 new cases 

and 61,000 related deaths have appeared. The World Health Organization classified gliomas into 

grade 1 to grade 4 based on histology and clinical criteria [3]. Low-grade gliomas (LGG), 

belonging to grade 2 tumor, accounts for 15%-25% of all gliomas and includes astrocytomas, 

oligoastrocytomas and oligodendrogliomas [4]. LGG is relatively benign as well as slow-growing, 

and overall survival (OS) of children and adolescents with LGG exceeds 90% at 5 to 10 years [5]. 

Despite growing slowly initially, essentially all LGG lesions eventually progress to high-grade 

glioma (HGG) (Grade 3/4) [6, 7]. Approximately 50% of patients with LGGs will experience 

malignant transformation within 5 years [8]. Hence, identification of potential therapeutic target or 

biomarker is desirable to precisely predict the prognosis of LGG patients and improve their 

clinical outcome.  

Methylenetetrahydrofolate dehydrogenase 2 (MTHFD2) is a mitochondrial enzyme involved 

in folate metabolism [9]. MTHFD2 is also a bifunctional enzyme with methylene dehydrogenase 

and cyclohydrolase activities [10]. Growing evidences demonstrated the up-regulation of 

MTHFD2 in various cancers and its over-expression was associated with tumour cell proliferation 

[11]. Inhibition of MTHFD2 expression affected proliferation of various cancer cells including 

lung [12], breast [13] and acute myeloid leukemia [14]. These studies also highlighted MTHFD2 

as being a promising therapeutic target for cancer treatment. For instance, MTHFD2 was 

identified as the drug target to block breast cancer cell migration and invasion [15]. Currently, it 

has been regarded as one of the candidate marker genes for tumor invasion, metastasis and poor 

prognosis [9]. Despite the growing interest about MTHFD2 as a potential target in cancers, the 

potential function of this enzyme in LGG has not been defined.  

The present study was aimed at initially revealing the potential function of MTHFD2 in LGG. 

We first explored the MTHFD2 expression in LGG based under different aspects. The influence 

on prognosis of LGG patients and prognostic value on OS were then evaluated through survival 

analysis. Finally, MTHFD2-associated pathway analysis was performed to understand the 

potential mechanism in LGG. 

 

2 Methods 

2.1 MTHFD2 expression analysis 

We first used Oncomine database to explore the expression of MTHFD2 in human cancers. 

The threshold was set as P-value: 0.05, fold change: 2 and gene rank: TOP 10%. The expression 

of MTHFD2 in brain cancer and normal tissues was also assessed according to previous studies.  

The MTHFD2 expression based on age, gender, race, tumor grade, sub-types and TP53 

mutation status in LGG patients was further evaluated through UALCAN database. Due to the 

importance of methylation and TP53 expression in cancers, the influences of MTHFD2 

methylation and TP53 expression on MTHFD2 expression were estimated as well.  

2.2 Prognosis analysis on LGG patients 

We then evaluated the association of clinical phenotype with OS of LGG patients by 

Kaplan-Meier analysis and log-rank test. Clinical phenotype contained age, gender, radiation 

therapy, histologic grade and tumor type. Gepia database was applied to analyze the MTHFD2 

expression on the prognosis of LGG patients including OS and disease free survival (DFS). The 



LGG patients were divided into high- and low-expression groups according to the median of 

MTHFD2 expression. Subsequently, the influence of MTHFD2 expression was taken into 

consideration for OS analysis of LGG patients based on different clinical phenotype. The clinical 

data of LGG patients and expression profile of MTHFD2 were obtained from cBioportal database.  

2.3 Functional enrichment analysis  

We finally conducted functional enrichment analyses, including Gene Ontology (GO) and 

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses, to identify 

MTHFD2-related biological functions and signaling pathways. The co-expressed genes with 

MTHFD2 were found through cBioportal database. Identified genes positively and negatively 

correlated with MTHFD2, as threshold by absolute correlation>0.5 and P<0.05, were selected for 

further GO and KEGG analysis, respectively. GO terms, classifying into molecular function (MF), 

biological process (BP) and cellular component (CC), were annotated via DAVID database. 

KEGG pathway analysis was conducted by KEGG Orthology-Based Annotation System 

(KOBAS). 

2.4 Statistical analysis 

All the statistical analyses were performed using SPSS 19.0. Mann-Whitney U test was 

performed for comparisons between the two groups. The Kruskal‑Wallis test was performed for 

multiple comparisons followed by Bonferroni's post‑hoc test. P value less than 0.05 was regarded 

as statistical significance.  

 

3 Results 

3.1 The over-expression of MTHFD2 in human cancers 

    

(A)  (B) 

Fig.1 Expression analysis on MTHFD2. (A) disease summary for MTHFD2; (B) MTHFD2 expression in normal 

and brain cancers. The threshold was set by P-value: 0.05, fold change: 2, gene rank: TOP 10%. The data was 

obtained from Oncomine database. 

We first analyzed the mRNA expression of MTHFD2 in various human cancers (Fig.1A). 

Compared with normal tissues, MTHFD2 was highly expressed in some cancers such as brain and 

CNS cancer, breast cancer and colorectal cancer. Low expression of MTHFD2 was reported in 

esophageal cancer and leukemia.  



The expression of MTHFD2 in brain cancer and normal samples was further evaluated based 

on previous researches (Fig.1B). We found that the expression degree of MTHFD2 differs among 

sub-types of brain cancers, which indicted the different role of MTHFD2 in different brain 

cancers.  

3.2 The expression of MTHFD2 in LGG 

 

 (A) (B) (C) 

 

(D) (E) (F) 

Fig.2 MTHFD2 expression profile based on clinical phenotype in LGG. (A) gender; (B) race; (C) tumor grade; (D) 

sub-types; (E) TP53 mutation status; (F) age. *P<0.05, **P<0.01 and ***P<0.001.  

We then explored the association of clinical phenotype in LGG with MTHFD2 expression. 

The results suggested that the expression of MTHFD2 is not associated with gender, race and 

tumor grade of LGG patients (Fig.2A-2C). The sub-types of brain cancers influenced the 

MTHFD2 expression and the lowest expression was observed in astrocytoma (Fig.2D, all P<0.05). 

The expression of MTHFD2 was also related with TP53 mutation status, and TP53 mutant led to 

higher MTHFD2 expression (Fig.2E, P<0.01). In addition, the MTHFD2 expression statistically 

differed in different age, and low age showed higher expression of MTHFD2 (Fig.2F, all P<0.01).  

 

 

 (A) (B) 

Fig.3 The expression of MTHFD2 with (A) TP53 expression and (B) MTHFD2 methylation. 

The influences of MTHFD2 methylation and TP53 expression on MTHFD2 expression were 

assessed as well. Fig.3A shows that the expression of MTHFD2 has no obvious change with the 

increase of TP53 expression. Fig.3B indicates that MTHFD2 is in low-methylation which exerts 

no effects on its own mRNA expression. 

 



3.3 Prognosis analysis in LGG patients 

 

(A) (B) 

 

 (C) (D) (E) 

Fig.4 The association of clinical phenotype with OS in LGG patients. (A) age; (B) gender; (C) radiation therapy; 

(D) histologic grade; (E) tumor type.  

The association of clinical phenotype with overall survival of LGG patients was predicted 

using Kaplan-Meier analysis and log-rank test. Survival analysis indicted that LGG patients with 

age≥45 years old shows worse prognosis (Fig.4A, P<0.001). The overall survival time of male and 

female patients has no obvious differences (Fig.4B, P=0.674). The radiation therapy affected the 

prognosis of LGG patients, and the survival time of patients receiving radiation therapy decreased 

compared with these patients without radiation therapy treatment (Fig.4C, P=0.002). Patients in 

G3 grade showed shorter survival time than patients in G2 grade (Fig.4D, P<0.001). The 

prognosis of LGG patients was statistically correlated with tumor types, and patients with 

astrocytoma displayed the worst prognosis (Fig.4E, P=0.010).  

     

(A)                              (B) 

Fig.5 The association of MTHFD2 expression with prognosis of LGG patients. (A) disease free survival (DFS); (B) 

Overall survival (OS). 



The effect of MTHFD2 expression on the clinical outcome of LGG patients was predicted as 

well through Gepia database. Survival analysis suggested that the MTHFD2 expression did not 

affect the disease free survival of LGG patients (Fig.5A, P=0.22). However, high expression of 

MTHFD2 conferred to a favorable prognosis for LGG patients (Fig.5B, P<0.001), which indicated 

that MTHFD2 plays a positive role in LGG.  

 

 (A) (B) 

 

 (C) (D) 

 

(E) 

Fig.6 The association of MTHFD2 expression with OS of LGG patients. (A) gender; (B) age; (C) radiation therapy; 

(D) histologic grade; (E) tumor type.  

In order to reveal the detailed influence of MTHFD2 on the survival of LGG patients, the 

association of MTHFD2expression with prognosis was assessed under different clinical phenotype. 

The results indicated that the high expression of MTHFD2 is statistically related with longer 

survival time in both male and female patients (Fig.6A). MTHFD2 high expression mainly 

improved the prognosis of patients with age≥45 years old (Fig.6B). In LGG patients with 

receiving radiation therapy, MTHFD2 high expression had positive effect on their survival time 

(Fig.6C). The result also revealed that MTHFD2 low expression mainly shortened the survival 

time of patients in G3 grade compared with patients in G2 grade (Fig.6D). With regard to 

sub-types, MTHFD2 expression obviously affected the prognosis of patients with astrocytoma and 

oligodendroglioma (Fig.6E). 

 

 

 



 

 

In order to predict the prognostic factor for OS of LGG patients, we performed Cox 

regression analysis regarding several clinical phenotypes. As suggested in Table.1, age, MTHFD2 

expression, histologic grade, sub-types and radiation therapy status were all associated with OS of 

LGG patients (all P<0.01) in univariate analysis. Multivariate analysis indicted that MTHFD2 

remained as an independent prognostic factor (HR=0.510, P=0.001) with age (HR=2.924, 

P<0.001) and histologic grade (HR=2.599, P<0.001) for OS.  

 

Due to the significant effect of sub-types on the prognosis of LGG patients, we further 

predicted the prognostic factor for OS of LGG patients under different sub-types. The results 

indicated that age and histologic grade are the common factors for predicting prognosis of three 

sub-types (Table.2). However, the expression of MTHFD2 was just an independent prognostic 

factor for OS of patients with astrocytoma (HR=0.471, P=0.013). The prognostic value of 

MTHFD2 for OS was not observed in oligoastrocytoma and oigodendroglioma patients.  

3.4 Functional enrichment analysis 

To further determine the potential function of MTHFD2 in LGG, we performed 

co-expression analysis using TCGA database, and subsequently got 20161 MTHFD2-associated 

Table.1 Association of clinical characteristics with OS of LGG patients using Cox regression 

 Univariate analysis  Multivariate analysis 

 HR 95%CI P  HR 95%CI P 

age 2.932 2.020-4.256 <0.001  2.924 1.970-4.341 <0.001 

MTHFD2 expression 0.455 0.316-0.655 <0.001  0.510 0.348-0.747 0.001 

histologic grade 3.324 2.247-4.917 <0.001  2.599 1.688-4.001 <0.001 

sub-types 0.747 0.609-0.917 0.005  0.805 0.648-1.001 0.051 

radiation therapy 1.951 1.261-3.018 0.003  1.117 0.695-1.795 0.648 

gender 0.927 0.649-1.322 0.674  0.842 0.569-1.192 0.304 

Table.2 Prognosis analysis for OS of LGG patients in different sub-types using multivariate Cox regression 

 Astrocytoma Oligoastrocytoma Oligodendroglioma 

 HR (95%CI) P HR(95%CI) P HR (95%CI) P 

age 
3.462 

(1.942-6.169) 
<0.001 

2.776 

(1.145-6.728) 
0.024 

2.636 

(1.237-5.618) 
0.012 

MTHFD2 

expression 

0.471 

(0.260-0.853) 
0.013 

0.407 

(0.162-1.025) 
0.056 

0.519 

(0.256-1.052) 
0.069 

histologic 

grade 

4.612 

(1.917-11.096) 
0.001 

3.034 

(1.245-7.396) 
0.015 

2.062 

(1.019-4.176) 
0.044 

radiation 

therapy 

0.559 

(0.257-1.212) 
0.141 

1.428 

(0.478-4.263) 
0.523 

1.455 

(0.703-3.014) 
0.313 

gender 
0.861 

(0.498-1.489) 
0.592 

1.439 

(0.610-3.396) 
0.406 

0.616 

(0.315-1.203) 
0.156 



genes. 9347 genes were positively associated with MTHFD2 and the other 10814 genes were 

negatively correlated with MTHFD2. The MTHFD2-associated genes with absolute 

correlation>0.5 and P<0.05 were selected for enrichment analysis. 

 

As shown in Table.3, GO-MF analysis suggested that positive-related genes are mainly 

involved in transcription factor activity and sequence-specific DNA binding, and negative-related 

genes are enriched in GDP binding, cellular response to hypoxia and triglyceride catabolic process. 

For BP, positive-related genes participated in positive regulation of endothelial cell differentiation, 

positive regulation of apoptosis process, negative regulation of cell growth and regulation of small 

GTPase mediated signal transduction. Negative-related genes were associated with cellular 

response to hypoxia and triglyceride catabolic process. In addition, GO-CC analysis displayed that 

positive-related genes were significantly enriched in cytosol and nucleus, and negative-related 

genes were mainly enriched in apical plasma membrane. 

Table.3 GO annotation analysis 

Category Terms P-value 

Positive-related genes   

molecular function 

(MF) 

Transcription factor activity, sequence-specific DNA binding 4.74-2 

Protein binding 7.2E-2 

biological process 

(BP) 

Positive regulation of endothelial cell differentiation 2.3E-2 

Positive regulation of apoptosis process 2.6E-2 

Negative regulation of cell growth 2.8E-2 

Regulation of small GTPase mediated signal transduction 3.3E-2 

Negative regulation of myeloid cell differentiation 4.0E-2 

cellular component 

(CC) 

cytosol 2.1E-2 

nucleus 4.3E-2 

Negative-related genes   

molecular function 

(MF) 

GDP binding 9.2E-3 

Cellular response to hypoxia 9.6E-3 

Triglyceride catabolic process 3.8E-2 

Negative regulation of signal transduction 5.1E-2 

biological process 

(BP) 

Cellular response to hypoxia 9.6E-3 

Triglyceride catabolic process 3.8E-2 

Negative regulation of signal transduction 5.1E-2 

cellular component 

(CC) 

Apical plasma membrane 1.3E-2 

T-tubule 6.3E-2 



 

Fig.7 KEGG pathway analysis on co-expressed genes. Calculated genes showing positive and negative correlation 

with MTHFD2 were analyzed, respectively, and the top 5 significant pathways were presented.  

KEGG pathway analysis (Fig.7) indicated that positive-related genes significantly 

participates in apelin signaling pathway, one carbon pool by folate, pentose phosphate pathway, 

valine, leucine and isoleucine degradation, and notch signaling pathway. While the 

negative-related genes correlated with mTOR signaling pathway, transcriptional misregulation in 

cancer, one carbon pool by folate, vitamin digestion and absorption, and ferroptosis.  

 

4 Discussion 

Previous study has suggested that MTHFD2 might play an important role and potentially be 

valuable in the prognosis and treatment of glioma [16]. However, detailed function of MTHFD2 in 

LGG has not been well-examined. The present study initially explored the potential role of 

MTHFD2 in LGG through bioinformatics analysis. We found that MTHFD2 was highly expressed 

in most of human cancers including LGG. The expression of MTHFD2 was associated with 

sub-types, TP53 mutation status and age of LGG patients. Age, radiation therapy status, histologic 

grade and sub-types were able to influence the prognosis of LGG patients.  

Several researches have showed that MTHFD2 is frequently highly expressed in various 

tumors and may serve as a tumor promoter by promoting cells proliferation. MTHFD2 was found 

highly expressed in colorectal cancer (CRC) cells, and silence of MTHFD2 expression inhibited 

the proliferation, weakened the migration ability and promoted the apoptosis of CRC cells [17]. 

MTHFD2 was also significantly over-expressed in non-small cell lung cancer (NSCLC) tissues, 

and knockdown of MTHFD2 resulted in reduction of tumor cell growth and tumorigenicity [18]. 

In addition, MTHFD2 over-expression was associated with cell proliferation and 

vimentin-modulated migration and invasion in renal cell carcinoma (RCC) [19]. MTHFD2 

expression was significantly associated with the clinical outcome of patients, and high expression 

of MTHFD2 resulted in poor prognosis in hepatocellular carcinoma [20], esophageal squamous 

cell carcinoma [21] and breast cancer [22]. Contrary to previous studies, however, our research 

desirably found that MTHFD2 high expression is favorable to the clinical outcome of LGG 

patients and achieves a good prognosis. As far as we are aware, no research reported the positive 



prognostic effects of MTHFD2 high expression on human cancers up to now.  

For better understanding the function of MTHFD2 in LGG, we performed pathway 

enrichment analysis to reveal the MTHFD2-related pathway involved in LGG. The results 

indicated that the positive-related genes with MTHFD2 are mainly enriched in apelin signaling 

pathway and one-carbon pool by folate in LGG. Apelin was found to attenuate early brain injury 

via suppressing neuronal apoptosis through the PI3K/Akt signaling [23]. Apelin mediated 

neuroprotective effects by regulating oxidative stress, autophagy and apoptosis [24], as well as 

alleviated neuroinflammation [25]. It was possible that the neuroprotective effects of 

MTHFD2-associated apelin signaling pathway may play a vital role in LGG development. 

Folate-mediated one-carbon metabolism plays a central role in a broad array of metabolic 

processes required for the survival and growth of tumor cells [26]. Folate was found to stimulate 

the proliferation of acute lymphocytic leukemia (ALL) cell, but the ALL patients with aminopterin 

treatment, an intermediate of folate metabolism, showed clinical, hematologic and pathological 

evidence of improvement [27]. Therefore, it was inferred that MTHFD2 is involved in the folate 

metabolism, influences its intermediate production and thereby regulates the progression of LGG. 

Moreover, the negative-related genes with MTHFD2 were associated with mTOR signaling 

pathway and transcriptional misregulation in cancer. mTOR is strongly activated in microglia, and 

mTOR-deficient microglia lost their typical proliferative and inflammatory responses to excitatory 

injury, as well as increase the neuronal loss. Microglial mTOR played a protective role in 

mitigating neuronal loss and was strongly implicated in attenuating epileptogenesis [28]. 

Activation of mTOR signaling pathway can reduce brain damage, inhibit neuronal apoptosis and 

autophagy [29]. MTHFD2-associated mTOR signaling pathway might exert protective effects on 

neuronal development in LGG. There was related study which suggests the novel function of 

MTHFD2 in RNA metabolism and translation, identifying as a potential non-enzymatic functions 

[30]. It follows that MTHFD2 has the potential to play a significant role in LGG through various 

pathways. 

We further found that MTHFD2 high expression increases the survival time of LGG patients 

for both male and female. In addition, high expression of MTHFD2 facilitated clinical outcome of 

those patients with age≥45 years old, receiving radiation therapy and grade 3. The prognostic 

effects of MTHFD2 expression differed in different sub-types of LGG. Cox regression indicated 

that MTHFD2 expression remains as an independent prognostic factor for OS of LGG patients, 

especially for patients with astrocytoma. It seemed that MTHFD2 expression exerts a positive role 

in LGG patients and may act as a potential therapeutic target for LGG treatment.  

Recent studies have highlighted the critical value of MTHFD2 as a therapeutic target for 

treatment of cancers. Xu et, al suggested that microRNA-940 could inhibit glioma progression by 

blocking mitochondrial folate metabolism through targeting of MTHFD2 [31]. Yam et, al 

indicated that microRNA-33a-5p suppresses the growth and migration of colorectal cancer cell by 

inhibiting MTHFD2 [32]. Li et, al reported that upregulation of miR-504-3p is associated with 

favorable prognosis of acute myeloid leukemia and may serve as a tumor suppressor by targeting 

MTHFD2 [33]. Thus it can be seen that MTHFD2 is expected to become an effective target for 

more cancer treatment including LGG.  

 

 

 



Conclusions 

The current study, based on a bioinformatics analysis from TCGA database, demonstrated 

that the expression of MTHFD2 is significantly increased in LGG, and associated with age, 

sub-types and TP53-mutation status of patients. High expression of MTHFD2 favorably increased 

the patient’s survival time, and MTHFD2 was determined as a novel prognostic biomarker for OS 

of LGG patients. In addition, MTHFD2 was strongly implicated in LGG through mediating 

various pathways such as mTOR signaling pathway and apelin pathway. Our research emphasized 

the importance of MTHFD2 in LGG, and the experimental intervention must be icing on the cake 

for this research.  
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Figures

Figure 1

Expression analysis on MTHFD2. (A) disease summary for MTHFD2; (B) MTHFD2 expression in normal
and brain cancers. The threshold was set by P-value: 0.05, fold change: 2, gene rank: TOP 10%. The data
was obtained from Oncomine database.



Figure 2

MTHFD2 expression pro�le based on clinical phenotype in LGG. (A) gender; (B) race; (C) tumor grade; (D)
subsub-types; (E) TP53 mutation status; (F) age. types; *P<0.05, **P<0.01 and ***P<0.001

Figure 3

The expression of MTHFD2 with (A) TP53 expression and B) MTHFD2 methylation.



Figure 4

The association of clinical phenotype with OS in LGG patient. (A) age; (B) gender; (C) radiation therapy;
(D) histologic grade; (E) tumor type.



Figure 5

The association of MTHFD2 expression with prognosis LGG patients. (A) disease free survival (DFS): (B)
Overall survival (OS).



Figure 6

The association of MTHFD2 expression with OS LGG patients. (A) gender; (B) age; (C) radiation therapy;
(D) histologic grade; (E) tumor type.



Figure 7

KEGG pathway analysis on co-expressed genes. Calculated genes showing positive and negative
correlation with MTHFD2 were analyzed, respectively, and the top 5 signi�cant pathways presented.


