
- 1 - 

Inhibition of Mitochondrial Carrier Homolog 2 (MTCH2) Suppresses Tumor 1 

Invasion and Enhances Sensitivity to Temozolomide in Malignant Glioma  2 

 3 

Authors: Qiuyun Yuan
1,#

, Wanchun Yang
1,#

, Shuxin Zhang
1
, Tengfei Li

1
, Mingrong Zuo

1
, 4 

Xingwang Zhou
1
, Junhong Li

1
, Mao Li

1
, Xiaoqiang Xia

1
, Mina Chen

1,
*, Yanhui Liu

1,
* 5 

 6 

Affiliation: 7 

1
Department of Neurosurgery, State Key Laboratory of Biotherapy, West China Hospital, Sichuan 8 

University, Chengdu 610041, People’s Republic of China.  9 

#
These authors contributed equally to this work. 10 

 11 

*Correspondence: Mina Chen (chenmina2010@scu.edu.cn) and Yanhui Liu (liuyh@scu.edu.cn), 12 

Department of Neurosurgery, West China Hospital, Sichuan University, 37 Guoxue Avenue, 13 

Chengdu, 610041, Sichuan Province, People’s Republic of China. 14 

mailto:liuyh@scu.edu.cn


- 2 - 

Abstract 15 

Background: Malignant glioma exerts a metabolic shift from oxidative phosphorylation 16 

(OXPHOs) to aerobic glycolysis, with suppressed mitochondrial functions. This phenomenon 17 

offers a proliferation advantage to tumor cells and decrease mitochondria-dependent cell death. 18 

However, the underlying mechanism for mitochondrial dysfunction in glioma is not well 19 

elucidated. MTCH2 is a mitochondrial outer membrane protein that regulates mitochondrial 20 

metabolism and related cell death. This study aims to clarify the role of MTCH2 in glioma. 21 

Methods: Bioinformatic analysis from TCGA and CGGA databases were used to investigate the 22 

association of MTCH2 with glioma malignancy and clinical significance. The expression of 23 

MTCH2 was verified from clinical specimens using real-time PCR and western blots in our 24 

cohorts. siRNA-mediated MTCH2 knockdown were used to assess the biological functions of 25 

MTCH2 in glioma progression, including cell invasion and temozolomide-induced cell death. 26 

Biochemical investigations of mitochondrial and cellular signaling alternations were performed 27 

to detect the mechanism by which MTCH2 regulates glioma malignancy. 28 

Results: Bioinformatic data from public database and our cohort showed that MTCH2 29 

expression was closely associated with glioma malignancy and poor patient survival. Silencing 30 

of MTCH2 expression impaired cell migration and enhanced temozolomide sensitivity of human 31 

glioma cells. Mechanistically, MTCH2 knockdown increased mitochondrial oxidative damage 32 

and decreased pro-survival AKT signaling. 33 

Conclusion: Our work identifies the oncogenic role of MTCH2 in gliomas, and establishes the 34 

causal relationship between MTCH2 expression and glioma malignancy, which may provide a 35 

potential target for future interventions. 36 

Key words: MTCH2, glioma, temozolomide, mitochondria, cell migration, cell death.37 
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Abbreviations 38 

MTCH2: mitochondrial carrier homolog 2; 39 

GBM: glioblastoma;  40 

TMZ: temozolomide; 41 

OXPHOs: oxidative phosphorylations; 42 

TCGA: The Cancer Genome Atlas Research Network; 43 

CGGA: the Chinese Glioma Genome Atlas; 44 

4-HNE: 4-Hydroxy-2-Nonenal; 45 

ROS: reactive oxygen species. 46 
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Background 47 

Originating from glial cells, glioma is a common type of malignant and lethal tumor in the brain, 48 

which can be divided into astrocytomas, oligodendrogliomas, and glioblastomas (GBM) (1, 2). 49 

Glioma displays aggressive growth and diffuse invasion, and evolves rapidly by acquiring new 50 

mutations and oncogene expressions for drug resistance (3). Although current standard care of 51 

maximal safe surgical resection followed by radiotherapy and concurrent temozolomide (TMZ) 52 

chemotherapy provides survival benefit to selected patients (4), glioma still exhibits poor 53 

responses to approved therapies and carries an inferior prognosis. Therefore, molecular 54 

understandings of the initiation and progression of glioma are urgently needed. 55 

  Over the last decades, a well-appreciated hallmark of glioma is the altered tumor metabolism 56 

(5, 6), a phenomenon known as Warburg effect (7). This effect fulfills the demands for energy 57 

and biomass production of rapid proliferation in glioma cells (6). Extensive studies established 58 

that mitochondrial dysfunction is a prominent mechanism by which glioma cells exert its 59 

metabolic shift from oxidative phosphorylation (OXPHOs) to glycolysis, regardless of oxygen 60 

availability. During this metabolic reprogramming, mitochondrial function is glioma is evidently 61 

suppressed through mutations of mitochondrial DNA (8), altered metabolic enzyme atlas (9, 10), 62 

and imbalanced morphological dynamics (11). All these events offer a proliferation advantage to 63 

tumor cells and decrease mitochondria-dependent cell death to chemical drugs (12). Although a 64 

number of studies have increased the understanding of mitochondrial dysfunction in glioma cells, 65 

the molecular repertoire is still largely unknown. 66 

  To explore the mechanistic interplay between mitochondrial dysfunction and glioma 67 

progression, we focused on mitochondrial carrier homolog 2 (MTCH2), a critical regulator of 68 

mitochondrial metabolism and related cell death (13, 14). MTCH2 is a mitochondrial outer 69 
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membrane protein that interacts with the truncated BH3-interacting domain death agonist (tBID) 70 

to regulate cell apoptosis (15-17). Previous studies demonstrate that loss of MTCH2 impairs 71 

mitochondrial architecture and functions, including enlarged size (18), reduced motility (19), and 72 

elevated oxidative stress (20). MTCH2 expression was associated with several types of tumors. 73 

For example, MTCH2 was down-regulated in ErbB2-driven mammary carcinoma (21), and its 74 

induction reduced tumorigenicity and leads to growth arrest of breast cancer (22). However, a 75 

recent study showed the oncogenic function of MTCH2 in acute myeloid leukemia (AML). 76 

Inhibiting MTCH2 decreased tumor growth and induced differentiation of AML cells (23). 77 

However, the role of MTCH2 in malignant glioma is not defined.  78 

  In this study, we reveal the oncogenic function of MTCH2 in malignant glioma. MTCH2 79 

expression is closely associated with glioma progression, and its knockdown impairs cell 80 

migration and enhances temozolomide sensitivity of glioma cells. Our work establishes the 81 

causal relationship between MTCH2 expression and glioma malignancy, and defines MTCH2 as 82 

a potential target for future interventions. 83 

 84 

Methods 85 

Patient samples 86 

Glioma and adjacent brain tissues included in this study were obtained from primary glioma 87 

patients undergoing elective craniotomy at West China Hospital between January 2019 and 88 

January 2020. All human studies were approved by the Institutional Review Board of West 89 

China Hospital of Sichuan University (project identification code: 2018.569). All patients 90 

provided written informed consent. The diagnoses of glioma grade were made by three 91 

independent pathologists. Clinical samples were used for detection the mRNA and protein levels. 92 
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Bioinformatic analysis 93 

Biomarker data and clinical information of The Cancer Genome Atlas Research Network (TCGA) 94 

and the Chinese Glioma Genome Atlas (CGGA) LGG-GBM cohorts were downloaded from 95 

TCGA (https://gdc-portal.nci.nih.gov/) and CGGA (http://www.cgga.org.cn) repository. IDH 96 

mutation was determined by merging IDH1 codon 132 and IDH2 codon 172 mutations. 97 

Chromosome 1p19q co-deletion was determined by 1p32 and 19q13 segment focal CNV value 98 

less than -0.3. MGMT promoter methylation level bins were divided using the 10% and 40% 99 

percentiles of mean beta value of probes between 131264896 and 131265737 on chromosome 10 100 

(GRCh38 genome). For survival analysis, patients were divided into low and high gene 101 

expression groups by median expression level. Hazard ratio for expression was tested using log 102 

rank test. Gene expression is presented as normalized FPKM. Correlation and survival analysis 103 

were conducted in R using grid and survminer packages. 104 

 105 

Cell culture and siRNAs transfection 106 

Human glioblastoma cell lines U-87MG, U-251 MG and A172 cell lines were obtained from 107 

Type Culture Collection of the Chinese Academy of Sciences (CTCC, Shanghai, China). Glioma 108 

cells were maintained at DMEM (Hyclone) with 10% FBS (PAN), and cultured under 5% CO2 at 109 

37°C incubator. All cells were validated by Short Tandem Repeat (STR) analysis. For MTCH2 110 

knockdown, targeted siRNA were transfected into cultured glioma cells using Lipofectamine 111 

RNAiMAX reagent (Invitrogen) in Opti-MEM (Invitrogen) over 72 hours. The siRNA sequences 112 

are as follow: siRNA MTCH2#1: sense 5'-GGUAAAGUUUUACAGCAUUTT-3'; antisense 113 

5'-AAUGCUGUAAAACUUUACCAT-3'; siRNA MTCH2#2: sense 114 

5'-GAGCCGAGGAAAUAGCUUATT-3'; antisense 5'- UAAGCUAUUUCCUCGGCUCAT-3'. 115 
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Immunofluorescence 116 

For immunofluorescence assay to observe MTCH2 cellular localization, A172 cells were 117 

cultured on coverslips over 48 hours. For Mito-Tracker staining, A172 cells were incubated with 118 

the Mito-Tracker dye (Invitrogen, 200 nM) in DMEM at 37°C incubator for 15 minutes (mins). 119 

Then, cells were fixed with 4% paraformaldehyde (PFA, Sigma) solution at room temperature for 120 

30 mins. After permeabilization with 0.25% Triton X-100 in PBS, cells were blocked with 10% 121 

goat serum and incubated with primary antibodies (anti-MTCH2, Proteintech) overnight at 4°C. 122 

Then cells were washed with PBS for three times and incubated with ALEXA FLUOR 488/594 123 

secondary antibodies, and mounted slides using ProLong® Gold Antifade Reagent with DAPI 124 

(Invitrogen). Images were acquired using Olympus BX63 microscope. 125 

 126 

Cell apoptosis assay 127 

To detect cell apoptosis, we conducted flow cytometry and Hoechst staining in glioma cells 128 

treated with temozolomide (Selleck Chemicals, 200 μM). For flow cytometry, glioma cells were 129 

cultured with 60~80% density in 6-well plate. After cells were transfected with siRNA-MTCH2 130 

and subsequent temozolomide treatment for 48 hours, cells were detached by 0.25% trypsin 131 

(Invitrogen) and applied with Annexin V Alexa Fluor647/7-AAD kit (Beijing 4A Biotech) for 132 

flow cytometry on a Beckman cytoflex. For Hoechst 33258 staining, cells were cultured on 133 

coverslips overnight, and treated as above. Then cells were fixed by 4% paraformaldehyde (PFA) 134 

solution and incubated with Hoechst 33258 staining kit (Beyotime) as manufacture instructions. 135 

Images were acquired using Olympus BX63 microscope, and cell counting was performed by 136 

Image Pro Plus software. 137 

 138 



- 8 - 

Scratch wound healing assay 139 

To detect the effect of MTCH2 on cell migration of glioma cells, we performed scratch wound 140 

healing assay as previous described (24). Briefly, glioma cells were seeded in 6-wells plate 141 

overnight, and then siRNA MTCH2 were transfected into cells when cells reached at least 90% 142 

density. Cells were wounded with a 200 μL pipette tip and washed 3 times by PBS to remove 143 

detached cells. During the migration, glioma cells were cultured in DMEM without FBS. Images 144 

were continuously captured in period days and analyzed by ImageJ software. 145 

 146 

Cell lysis solution and western blots 147 

Total cells were lysed with 2% SDS solution plus protease and phosphatase inhibitors (Thermo 148 

Scientific). Protein concentrations were tested by BCA kit and equivalent proteins were loaded 149 

into SDS-PAGE. Following western blots were performed according to standard procedures. The 150 

primary antibodies were list as follow: MTCH2 (Proteintech, Cat#16888-1-AP), Beta actin 151 

(Boster Biological Technology, Cat#BM0627), PDHE1-A (Abcam, Cat#ab110334), GFAP 152 

(Millipore, Cat#G3893), Tom20 (Santa Cruz Biotechnology, Cat#sc-136211), Tom40 (Abcam, 153 

Cat#ab185543), MMP-9 (Cell Signaling Technology, Cat#3852), N-cadherin (Cell Signaling 154 

Technology, Cat#4061), Vimentin (Cell Signaling Technology, Cat#5741), 4-HNE (Abcam, 155 

Cat#ab48506), DRP1 (BD Biosciences, Cat#611112), phospho-DRP1 (Ser616) (Cell Signaling 156 

Technology, Cat#3455), BcL2 (Santa Cruz Biotechnology, Cat#sc-7382), Bax (Millipore, 157 

Cat#06-499), phospho-AKT (Thr308) (Cell Signaling Technology, Cat#2965), phospho-AKT 158 

(Ser473) (Cell Signaling Technology, Cat#4060), AKT (Cell Signaling Technology, Cat#9272), 159 

phospho-S6 (Ser240/244) (Cell Signaling Technology, Cat#2215), S6 (Cell Signaling Technology, 160 

Cat#2217) and phospho-4EBP1 (Thr37/46) (Cell Signaling Technology, Cat#9459). 161 
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RNA extraction and real-time PCR 162 

Trizol reagent was used to extract total RNA following manufacturer instructions. RNA reversed 163 

transcription using PrimeScriptTM RT reagent Kit (Takara), and analyzed by quantitative PCR 164 

(qPCR) using SYBR Premix Ex TaqTM II (Takara) in Bio-Rad iQ5 system. Relative gene 165 

expression was normalized to Beta actin. qPCR primers were as follows: hMtch2 F: 166 

5'-GGTCTTGTTCCTCGCCTTCT-3'; R: 5'-TGGTAGAAACCCCACTGTCC-3. 167 

 168 

Statistical analysis 169 

Statistical analysis was conducted in GraphPad Prism (v6.01, GraphPad Software, Inc). Data 170 

were expressed as mean ± SEM. Differences between groups were tested for statistical 171 

significance using Student’s t test for two-group comparisons, and one-way analysis of variance 172 

(ANOVA) followed by the Tukey post hoc tests for multi-group comparisons. A p-value < 0.05 173 

(*) was considered statistically significant, and **indicates p < 0.01, and *** p < 0.001. 174 

 175 

Results 176 

MTCH2 expression is associated with glioma malignancy. 177 

As a first step to investigate the possible contribution of MTCH2 in gliomagenesis, we analyzed 178 

MTCH2 expression profiles across multiple types of human tumors. Interrogation of TCGA 179 

Pan-Cancer dataset revealed that MTCH2 was highly expressed in several tumors despite 180 

different tissue origins, including cancers in the breast (BRCA), cervix (CESC), esophagus 181 

(ESCA), lung (LUSC) and brain (GBM) (Fig. 1a). This data suggests that MTCH2 182 

overexpression may be a general mechanism employed by solid tumors. Further examinations 183 

confirmed that the mRNA and protein levels of MTCH2 were increased in the tumor compared 184 
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to matched adjacent tissues in our glioma cohort (Fig. 1b-d). Consistent with the fact that 185 

MTCH2 expression increased in glioma tissues, Kaplan-Meier survival analysis for multiple 186 

human glioma datasets (TCGA and CGGA) showed that patients with lower MTCH2 expression 187 

displayed significantly better overall survival than those with higher MTCH2 expression (Fig. 188 

1e-f). Therefore, we conclude that MTCH2 is highly expressed in human gliomas and its 189 

expression reciprocally correlates with patient survival. 190 

  To further investigate the correlation of MTCH2 expression with clinical significance in 191 

gliomas, we performed an in silico analysis using gene expression and associated clinical data of 192 

glioma cohorts from two independent publicly available datasets, TCGA and CGGA. Results 193 

from TCGA showed that MTCH2 expression was positively correlated with glioma grade, and 194 

high MTCH2 expression tended to be associated with GBM subtype (Fig. 2a-b). IDH mutation, 195 

chromosome 1p/19q co-deletion and MGMT promoter methylation are pivotal biomarkers for 196 

the guidance of glioma prognostication and treatment (25). We found that MTCH2 expression 197 

was exceedingly associated with IDH wildtype and 1p/19q non-codeletion group, which 198 

indicates poor glioma prognosis (Fig. 2a and c). Consistently, data from CGGA confirmed that 199 

MTCH2 expression was positively associated with tumor grade, IDH wildtype and 1p/19q 200 

non-codeletion in Chinese glioma population (Fig. 2d-g), supporting the notion that MTCH2 201 

expression is correlated with glioma malignancy. 202 

 203 

Silencing MTCH2 expression impairs cell migration and enhances temozolomide sensitivity of 204 

human glioma cells. 205 

Based on the finding that MTCH2 expression is closely correlated with glioma malignancy, we 206 

asked whether MTCH2 functionally promotes gliomagenesis. We first examined the expression 207 
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pattern of MTCH2 in glioma cell lines, compared with primary cultured brain cells, including 208 

neurons and astrocytes from embryonic mouse. Western blot results showed that MTCH2 protein 209 

was extremely high in glioma cell lines, including U-87 MG, U-251 MG and A172 cells, in 210 

contrast to primary mouse neurons and astrocytes (Fig. 3a). Noted that all the three glioma cells 211 

were GFAP positive, whereas neurons were enriched with PDHE1-A, a metabolic gatekeeper in 212 

mitochondrial oxidative phosphorylation (26). We next conducted a knockdown strategy using 213 

small interfering RNA (siRNA) to reduce MTCH2 expression in A172 human glioblastoma cells. 214 

Real-time PCR results showed that the mRNA level of MTCH2 was dramatically decreased by 215 

targeted siRNA (Fig. 3b). Western blot results further confirmed that MTCH2 proteins were 216 

decreased by >70% in siRNA-MTCH2 groups (Fig. 3c). MTCH2 is a mitochondrial outer 217 

membrane protein. We found that immunofluorescence signals of MTCH2 were well 218 

co-localized with Mito-Tracker, and these signals were nearly disappeared by MTCH2 219 

knockdown (Fig. 3d). 220 

  We next examined whether MTCH2 knockdown reduced glioma malignancy. A common 221 

feature of glioma is the diffused tumor invasion, and thus we evaluated the effect of MTCH2 222 

knockdown on the suppression of glioma cell migration. Images of the wound healing assay 223 

showed that MTCH2 knockdown dramatically reduced the migration of A172 cells (Fig. 4a-b). 224 

Biochemical results also showed that cellular signaling related to cell migration, including 225 

MMP-9, N-cadherin and Vimentin, were decreased by MTCH2 silencing (Fig. 4c-d), indicating 226 

that MTCH2 is required for the oncogenic invasion of glioma cells. 227 

  Then, we investigate the effect of MTCH2 on cell survival in glioma cells. Under basal 228 

conditions, MTCH2 knockdown slightly affected the survival of A172 cells by Hoechst staining 229 

(Fig. 5a (upper panel) and b (left panel)). However, when cells applied with temozolomide 230 
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(TMZ), we found that MTCH2 knockdown dramatically increased cell death (Fig. 5a (lower 231 

panel) and b (right panel)). Moreover, data from flow cytometry showed similar results that 232 

MTCH2 knockdown cells were more sensitive to TMZ induced death of glioma cells (Fig. 5c-d). 233 

All these data suggest that MTCH2 is indispensable to glioma malignancy, and MTCH2 234 

silencing impairs cell migration and enhances TMZ sensitivity. 235 

 236 

MTCH2 regulates mitochondrial metabolism and cell survival signaling in glioma cells. 237 

MTCH2 is reported to play a critical role in mitochondrial energetic metabolism (20, 27) and 238 

associated cell apoptosis involving tBID (15-17). Building on the observation that MTCH2 239 

knockdown increases cell apoptosis by TMZ, we tested if MTCH2 regulates mitochondrial 240 

related cell survival/death pathways. We first examined the signaling relative to mitochondrial 241 

functions. Western blots showed that 4-Hydroxy-2-Nonenal (4-HNE), a marker of lipid 242 

peroxidation by reactive oxygen species (ROS) accumulation (28), was significantly increased 243 

by MTCH2 knockdown, indicating that loss of MTCH2 induces oxidative stress (Fig. 6a-b). 244 

Consistent reduction of DRP1 and its phosphorylation form were found by MTCH2 knockdown, 245 

and mitochondrial TCA cycle enzyme PDH was not affected (Fig. 6a-b). These results are 246 

supported by previous findings that MTCH2 suppresses mitochondrial fusion (18) and does not 247 

influence TCA cycle activity (23). 248 

  AKT, a serine-threonine kinase, can function to either reduce cellular destruction from 249 

oxidants and supports cell survival via BcL-2/Bax pathways (29). For AKT to be fully activated, 250 

it is sequentially phosphorylated at Ser473 and Thr308 by mTORC2 and PDK1 activity, 251 

respectively (30). We found that MTCH2 silencing decreased AKT phosphorylations at both 252 

Thr308 and Ser473 sites, and consistent reduction of pro-survival protein BcL-2 parallely 253 
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induction of pro-apoptotic protein Bax (Fig. 6a and c). We also noted that the downstream 254 

mTORC1 signaling was not altered by MTCH2 knockdown, suggesting that MTCH2 255 

controlled-mitochondrial functions and cell survival are not dependently on mTORC1 activity 256 

(Fig. 6a and d). Taken together, all these results highlight the role of MTCH2 in mitochondrial 257 

metabolism and cell survival, implying that MTCH2 is a potential target for glioma intervention. 258 

 259 

Discussion 260 

Mitochondrial dysfunction has long been appreciated as a molecular hallmark of malignant 261 

gliomas, and the underlying mechanisms have been popular targets for promising therapeutic 262 

interventions (26, 31). The present study demonstrates that MTCH2, a critical protein in the 263 

mitochondrial outer membrane, regulates glioma malignancy including tumor migration and 264 

chemoresistance. Silencing of MTCH2 in glioma cells reduced cell migration and rendered cells 265 

more susceptible to apoptosis induced by temozolomide (Fig. 7).  266 

  Mitochondrion is surrounded by two membranes, and thus a large number of transport proteins 267 

are needed to link the biochemical pathways of the cytosol and mitochondrial matrix. This 268 

transport system is comprised of mitochondrial translocases of the outer/inner membrane 269 

(TOMs/TIMs), mitochondrial pyruvate carriers (MPCs), and mitochondrial carriers etc. (32). 270 

MTCH2 is a member of mitochondrial carriers family and regulates cell apoptosis by modulating 271 

the activity of mitochondrial permeability transition pore (33). Previous studies examined the 272 

role of MTCH2 in several types of tumors, including mammary carcinomas (21, 22) and acute 273 

myeloid leukemia (AML) (23). Intriguingly, the role of MTCH2 in these tumors were opposite, 274 

anti-oncogenic in breast cancer and oncogenic in AML. Our study demonstrates that MTCH2 is 275 

oncogenic in malignant gliomas. We noted that the mutation frequency of MTCH2 is low in 276 
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glioma (less than 4% from cBioPortal, http://www.cbioportal.org/). Therefore, we assume that 277 

the altered gene expression (not genomic mutation) of MTCH2 is the major way to regulate 278 

glioma malignancy. 279 

  Glioma has a strong glycolytic phenotype, and a number of the molecular abnormalities that 280 

occur in glioma are known to suppress mitochondrial OXPHOs and promote aerobic glycolysis 281 

(34, 35). Indeed, glycolytic enzymes have direct anti-apoptotic actions, and decreased 282 

mitochondrial function is associated with inhibition of mitochondria dependent apoptosis. 283 

MTCH2 is a repressor of mitochondrial metabolism in hematopoietic system, and loss of 284 

MTCH2 increases mitochondrial OXPHOs, accompanied with an increase in mitochondrial size, 285 

ATP production and consequently ROS accumulation (27). Consistent with this notion, our 286 

findings expand current knowledge of MTCH2 in glioma oncogenesis. We showed that MTCH2 287 

knockdown increases products of lipid peroxidation, 4-HNE, in glioma cells as well as the 288 

susceptibility to TMZ-induced cell death. Moreover, MTCH2 knockdown decreased the protein 289 

level of DRP1, an executor of mitochondrial fission, and led to mitochondrial fusion (18), a 290 

morphology that is conducive to OXPHOs (36). Based on these results, we propose that MTCH2 291 

knockdown may activate OXPHOs in glioma cells, and render cells more susceptible 292 

TMZ-induced apoptosis. 293 

 294 

Conclusion 295 

In summary, our work identifies the oncogenic role of MTCH2 in malignant gliomas. Glioma 296 

cells with reduced MTCH2 expression have lowered invasion property and are sensitive to 297 

temozolomide. Our results supplement current understanding in the mitochondrial biology of 298 

gliomas, and provide a potential target for future interventions. 299 
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Figures and legends 430 

Fig. 1 MTCH2 expression is increased in glioma tissues and indicates poor prognosis. 431 

 432 

(a) A Pan-cancer diagram showing the increased MTCH2 expression in brain gliomas. (b) Real-time PCR 433 

results showing increased mRNA level of MTCH2 in glioma tissues compared to paired adjacent brain tissues 434 

(n=32). (c-d) Western blots (c) and quantifications (d) showing increased proteins of MTCH2 in glioma tissues 435 

compared to paired adjacent brain tissues (n=23). (e-f) Survival analysis using clinical information from TCGA 436 

(e) and CGGA (f) dataset. Patients are divided into low and high MTCH2 groups by median expression level. 437 
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Fig. 2 MTCH2 expression is associated with glioma malignancy. 438 

 439 

(a) Correlation between MTCH2 expression (FPKM) and glioma histology and prognostic biomarkers in The 440 

Cancer Genome Atlas (TCGA) dataset. Patients (N=681) are sort by MTCH2 expression. Glioma histology 441 

and biomarkers of patients are shown in color code. (b) Diagrams showing MTCH2 expressions in glioma 442 

histology groups. (c) Diagrams showing MTCH2 expression of gliomas with IDH status in the TCGA dataset. 443 

(d-g) Diagrams showing MTCH2 expression of gliomas with tumor grade, histology, IDH and 1p19q status in 444 

the CGGA dataset. 445 
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Fig. 3 Characterization of MTCH2 knockdown in glioma cells. 446 

 447 

(a) Western blots showing the enriched expression of MTCH2 in glioma cells compared to primary neurons 448 

and astrocytes. (b) qPCR results showing the decreased mRNA level of MTCH2 in A172 cells by 449 

siRNA-mediated knockdown (N=3). (c) Western blots showing the decreased protein level of MTCH2 in A172 450 

cells by siRNA-mediated knockdown. Noted that other mitochondrial outer membrane proteins Tom20 and 451 

Tom40 were not affected by MTCH2 knockdown. (d) Immunostaining images showing the mitochondrial 452 

localization of MTCH2 in A172 cells. Noted that MTCH2 signals were dramatically decreased by 453 

siRNA-mediated knockdown.  454 

 455 
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Fig. 4 MTCH2 knockdown impairs the invasion of glioma cells. 456 

 457 

(a-b) Representative images of wound healing assays showing that MTCH2 knockdown inhibits the migration 458 

of A172 cells (N=4). The migration of cells into the wound was assessed at 0, 24, 48 and 72 hours. Scale bar, 459 

200 μm. (c-d) Western blots (c) and quantifications (d) showing the decreased protein levels of MMP-9, 460 

N-cadherin, Vimentin and MTCH2 in A172 cells after wound healing (N=3).  461 

 462 
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Fig. 5 MTCH2 knockdown increases temozolomide-induced apoptosis of glioma cells. 463 

 464 
(a-b) Images (a) and quantifications (b) of Hoechst staining showing that MTCH2 knockdown promotes cell 465 

apoptosis of A172 cells after temozolomide treatment (200 μM, 48 hours) (N=3). Scale bar, 20 μm. (c-d) 466 

Images (c) and quantifications (d) of flow cytometry showing that MTCH2 knockdown promotes apoptosis of 467 

A172 cells after temozolomide treatment (200 μM, 48 hours) (N=3).  468 
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Fig. 6 Molecular alternations of MTCH2 knockdown on mitochondrial and cell survival 469 

signaling in glioma cells. 470 

 471 
(a-d) Western blots (a) and quantifications (b-d) showing that MTCH2 knockdown alters proteins of 472 

mitochondrial metabolism and cell survival signaling, especially 4-HNE, DRP1, BcL2, Bax and pAKT (N=4). 473 

 474 
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Fig. 7 Model. 475 

 476 
A schematic demonstrates that MTCH2 regulates cell invasion/apoptosis of malignant gliomas. 477 


