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Abstract
BACKGROUND
The precise role of mitochondrial carrier homolog 2 (MTCH2) in promoting malignancy in gastric mucosal cells and its involvement in gastric cancer cell metastasis have not been fully elucidated.

AIM
To determine the role of MTCH2 in gastric cancer.

METHODS
We collected 65 samples of poorly differentiated gastric cancer tissue and adjacent tissues, constructed MTCH2-overexpressing and MTCH2-knockdown cell models, and evaluated the proliferation, migration, and invasion of human gastric epithelial cells (GES-1) and human gastric cancer cells (AGS) cells. The mitochondrial membrane potential (MMP), mitochondrial permeability transformation pore (mPTP) and ATP fluorescence probe were used to detect mitochondrial function. Mitochondrial function and ATP synthase protein levels were detected via Western blotting.

RESULTS
The expression of MTCH2 and ATP2A2 in gastric cancer tissues was significantly greater than that in adjacent tissues. Overexpression of MTCH2 promoted colony formation, invasion, migration, MMP expression and ATP production in GES-1 and AGS cells while upregulating ATP2A2 expression and inhibiting cell apoptosis; knockdown of MTCH2 had the opposite effect, promoting overactivation of the mPTP and promoting apoptosis.

CONCLUSION
MTCH2 can increase the malignant phenotype of GES-1 cells and promote the proliferation, invasion, and migration of gastric cancer cells by regulating mitochondrial function, providing a basis for targeted therapy for gastric cancer cells.

Key Words: Gastric cancer; Mitochondrial carrier homolog 2; ATP synthase; ATP2A2; Mitochondrial permeability transformation pore

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Citation: Zhang JW, Huang LY, Li YN, Tian Y, Yu J, Wang XF. Mitochondrial carrier homolog 2 increases malignant phenotype of human gastric epithelial cells and promotes proliferation, invasion, and migration of gastric cancer cells. World J Gastrointest Oncol 2024; 16(3): 991-1005
URL: https://www.wjgnet.com/1948-5204/full/v16/i3/991.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i3.991

Core Tip: Mitochondrial carrier homolog 2 (MTCH2) increases malignant phenotype of human gastric epithelial cells. MTCH2 promotes progression of gastric cancer cells. Mitochondrial permeability transformation pore opening and ATP synthase play important roles in gastric cancer.

INTRODUCTION
Changes in mitochondrial bioenergetics, biosynthesis and signal transduction are necessary conditions for tumorigenesis[1]. Mitochondria are regarded as pivotal organelles responsible for ATP generation and are crucial for maintaining cellular energy metabolism. Mitochondrial outer and inner membrane-related proteins are involved in tumor biological behavior by regulating mtDNA replication and energy metabolism[2]. The role of mitochondrial outer membrane proteins in mitochondrial energy metabolism is particularly important, as they play a key role in the communication between mitochondria and other organelles[3].
Mitochondrial carrier homolog 2 (MTCH2), a member of the solute carrier 25 (SLC25) family, is an insertion enzyme of α-helical mitochondrial outer membrane proteins, and its main function is to transport metabolites to the mitochondrial matrix. It is also a membrane channel for proteins to enter mitochondria, and the loss of MTCH2 is associated with mitochondrial fusion, energy metabolism, lipid homeostasis, and apoptosis[4]. MTCH2 was found to be an important gene driving the progression of colon cancer through whole exome sequencing analysis of human colorectal cancer tissues[5]. In a metabolomics analysis of breast cancer, by exa mining the changes in proteomic metabolism during epithelial–mesenchymal transition (EMT), a relationship between MTCH2 expression and the occurrence of EMT was found[6]. A study involving whole-transcriptome RNA sequencing of myofibroma samples indicated that the fusion transcripts of MTCH2-for min binding protein promoted the malignant progression of myofibroma[7].
MTCH2 plays a crucial role not only in cellular productivity and energy consumption processes but also in the regulation of mitochondrial permeability transformation pore (mPTP) opening[8]. Under normal circumstances, the mPTP is typically maintained in a closed state. However, when stimulated by factors such as oxidation, excessive reactive oxygen species (ROS), or increased Ca2+ levels, stress can be triggered or promoted, allowing for free exchange of proteins[9]. According to noncancer studies, abnormal opening of the mPTP, which results in impaired mitochondrial function, is thought to be the central event in inflammation[10]. According to cancer research, abnormal opening of the mPTP is thought to mediate cancer cell death by regulating apoptotic signaling[11]. Notably, abnormal opening of the mPTP promotes the enhancement of mitochondrial permeability, resulting in the loss of mitochondrial membrane potential (MMP) and a reduction in mitochondrial ATP, which induces the activation of apoptosis and enhances the therapeutic efficacy of chemotherapeutic drugs[12]. Studies have shown that ADT1, ATP5H, ATPA, and ATPB are the most abundant mPTP proteins[13]. ATP2A2 is a hub in protein-protein interaction networks[14]. During the process of EMT in breast cancer cells, ATP2A2 and MTCH2 have been found to be involved in breast cancer progression[6].
In this study, we detected differences in the expression of MTCH2 between gastric cancer tissues and adjacent tissues and found that MTCH2 was overexpressed in gastric cancer tissues, suggesting that MTCH2 may be a new target for the diagnosis and treatment of gastric cancer. Using in vitro experiments, we proposed that MTCH2 can affect the proliferation and metastasis of human gastric epithelial cells (GES-1) and human gastric cancer cells (AGS) cells by regulating mPTP opening, the MMP and ATP production, providing a reference for cancer therapy involving the targeting of mitochondria.

MATERIALS AND METHODS
Specimen of human pathological tissue
Tissue specimens of gastric cancer and paracancer tissues of 65 patients with low differentiated gastric cancer were obtained from North China University of Technology Affiliated Hospital. Sixty-five patients in this group had no previous history of radiotherapy and chemotherapy.

Cell culture
[bookmark: _Hlk124183920]GES-1 and AGS were purchased from National Collection of Authenticated Cell Cultural, China (https://www.cellbank.org.cn/). GES-1 cells were maintained in Dulbecco’s Modified Eagle Medium (DMEM) with 4.5 g/L D-glucose containing 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (p/s). AGS cells were maintained in F-12K Medium containing 10% FBS and 1% p/s. All cell lines were cultured in incubator at 37 °C and 5% CO2.

Transfection
Clone vector (pcDNA3.1) of MTCH2 overexpression (MTCH2-OE, ZB02427, cloning site: Nhei/Bamhi.) were purchased from company Shanghai Sangon (SangonBiotech, China, https://www.sangon.com/). Three siRNA sequences against MTCH2 and/or ATP2A2 (MTCH2-siRNA1, MTCH2-siRNA2, and ATP2A2 siRNA) and one negative control (siRNA-NC) were designed. The sequences were as follows: MTCH2-siRNA1 (5’-3’): Sense: UCCUCCAACAAUAGGACGAAATT; antisense: UUUCGUCCUAUUGUUGGAGGATT. MTCH2-siRNA2 (5’-3’): Sense: GCCUACCUCGUCAAUACCUAUTT; antisense: AUAGGUAUUGACGAGGUAGGCTT. ATP2A2 siRNA (5’-3’): Sense: CCUGGUGAUAUUGUAGAAAUUTT, antisense: AAUUUCUACAAUAUCACCAGGTT. siRNA-NC (5’-3’): Sense: UUCUCCGAACGUGUCACGUTT; antisense: ACGUGACACGUUCGGAGAATT. After 24 h of cultivation, cells were transfected with MTCH2-OE, MTCH2-siRNA1, MTCH2-siRNA2, ATP2A2 siRNA, and siRNA-NC using Lipo8000TM transfection reagent (C0533-0.5 mL, Beyotime, China). After 24 h of transfection, cells were collected for Western blotting.

Transwell assay
Following 24 h culture in DMEM or F-12K without serum, cells were collected and diluted to cell concentration of 1 × 105/mL using serum-free medium. Cell suspension (200 μL) was seeded to the upper chamber and 600 μL DMEM or F-12K medium supplemented with 10% FBS was added to the lower chamber. After incubation for 48 h, serum-free medium was removed from the upper chamber. Cells on the undersurface of the upper chamber were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet. Cells remaining on the upper surface of the upper chamber were wiped with cotton swabs. Five fields were randomly selected under the microscope to count the number of cells that migrated.

Wound-healing scratch assay
Cells were seeded in a 6-well plate and cultured for 24 h in DMEM or F-12K medium supplemented with 10% FBS. Two parallel scratches were made within each well using 200 μL pipette tips. Cells were continued to be cultured in the corresponding medium for 24 h and photographed under the microscope at 0 h and 24 h after the scratches were drawn.

ATP assay
The cells were seeded into a 6-well plate and cultivated for 24 h. After another 24 h of transfection, 25 μL pcMV-AT1.03 plasmid (D2604, Beyotime, China), 4 μL Lipo8000TM transfection reagent and 125 μL serum-free medium were added into each well for mitochondrial ATP fluorescence probe transfection. After 24 h transfection, a fluorescence microscope was used to observe fluorescence intensity.

Colony formation assay
Cells were seeded into Petri dishes at a density of 200 cells/ well. After the intervention, cells were cultivated at 37 °C, 5% CO2 for 2-3 wk until visible colonies formed. During this time, the cell medium was changed every 2 d. Cells were washed with PBS for twice followed by fixing with 4% paraformaldehyde for 15 min. Cell colonies were then stained with 0.1% crystal violet for 20 min. The number of colonies were counted for analysis.

Immunohistochemistry
After dewaxing, rehydration and antigen retrieval, paraffin-embedded tissue sections were incubated with 3% hydrogen peroxide for 15 min and then with 10% goat serum for 30 min both in a 37 °C water bath. Anti-MTCH2 (1:200, 16888-1-AP, Proteintech, China) and anti-ATP2A2 (1:200, 67248-1-lg, Proteintech, China) were used as primary antibody in an incubation at 4 °C overnight. On the second day, the sections were first incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies (PV-6000; ZSGB-BIO, China) for 2 h and then stained with DAB, counterstained with hematoxylin successively. Sections were finally sealed with neutral gum. Photos were taken under an inverted optical microscope.

MMP detection
After the intervention, JC-1 solution (M8650, Solarbio) was added to the 6-well plates. Thoroughly mixed and incubated in the cell incubator at 37 °C for 20 min. Then cells were washed with JC-1 staining buffer for twice. Added 2 mL cell culture medium to each well to observe fluorescence intensity under a fluorescence microscope.

mPTP detection
Cells were cultured in a 12-well plate. mPTP opening degree was detected through mPTP Assay Kit (C2009S, Beyotime, China). After the intervention, cells were washed with PBS for twice, added 500 μL Calcein AM staining solution and 500 μL Ionomycin control respectively in the first two wells of untreated cells. Fluorescence quenching solution (500 μL) was added to each well of NC-OE, NC-siRNA, MTCH2-OE and MTCH2 siRNA group. Incubated at 37 °C for 45 min. The reagents were then replaced with pre-heated culture medium at 37 °C and incubated for 30 min away from light. After washed with PBS for twice, Assay buffer was added to each well for fluorescence intensity observation under a fluorescence microscope.

Western blotting
Cell protein was extracted through whole cell lysis assay kit (KGP2100, KeyGEN BioTECH, China). Cells were first oscillatory mixed in Lysis Buffer then centrifuged at 12000 g for 5 min. The supernatant is the protein extract. BCA Protein Assay Kit (PT0001, LEAGENE, China) was used to detected the concentration of cell protein. Afterwards, protein was separated with 10% SDS-PAGE and transferred onto PVDF membranes. The membranes were then incubated with 5% skimmed milk powder at room temperature for 2 h and primary antibodies: Anti-MTCH2 (1:5000, 16888-1-AP, proteintech, China), anti-Bax (1:4000, 50599-2-lg, proteintech, China), anti-Bcl-2 (1:5000, 68103-1-lg, proteintech, China), anti-Cytochrome c (1:4000, 10993-1-AP, proteintech, China), anti-ATP2A2 (1:5000, 67248-1-lg, proteintech, China), anti-Vimentin (1:1000, bs-8533R, Bioss, China), anti-b-catenin (1:1000, bs-1165R, Bioss, China), anti-N-cadherin (1:1000, bs-1172R, Bioss, China), anti-E-cadherin (1:1000, 60335-1-lg, proteintech, China), and anti-b-actin (1:2000, 20536-1-AP, proteintech, China) at 4 °C overnight. On the second day, the membranes were incubated with HRP-conjugated secondary antibody (1:5000, ZB-2301; ZB-2305, ZSGB-BIO, China) at room temperature for 1 h and visualized by enhanced chemilu minescence detection reagents (P1050, Applygen Technologies Inc., China). ImageJ software was used for the quantification of results.

Statistical analysis
SPSS 21.0 software and GraphPad Prism 7 software were used for statistical analysis. One-way or two-way analysis of variance (ANOVA) was used to analyze the significance of differences between groups. All values were displayed as mean ± SEM, representing three independent experiments, P < 0.05 was considered statistically significant.

RESULTS
The expression difference of MTCH2 in gastric cancer tissues and adjacent tissues
The results of Gene Expression Profiling Interactive Analysis (GEPIA) database analysis showed that MTCH2 was overexpressed in gastric cancer. Compared with normal tissue; There was no difference in MTCH1 expression (Figure 1A). To deter mine how MTCH2 and ATP2A2 were expressed differently, we took tissue samples from 65 cases of poorly differentiated gastric cancer and para-carcinoma tissue. The results showed that MTCH2 was mainly expressed in cytoplasm and mitochondria, while ATP2A2 was mainly expressed in cytoplasm, and the expressions of both were significantly higher in gastric cancer tissues than in adjacent tissues (Figure 1B-D, Table 1), the expression of the two was positively correlated (Table 2). In this study, GES-1 and AGS were used. We constructed cell models of MTCH2 overexpression (MTCH2-OE) and MTCH2 silencing (MTCH2-siRNA), and screened sequences with significant transfection effect for expansion experiments (Figure 1E-J).

MTCH2 regulated the invasion and migration of gastric cancer cells
We observed the effects of MTCH2 on two types of cell invasion and migration. Wound-healing scratch assay (Figure 2A-D) and Transwell assay (Figure 2E-H) showed that MTCH2 overexpression promoted the invasion and migration of GES-1 and AGS cells, while MTCH2-siRNA had the opposite effect. The results indicated that MTCH2 regulated the ability of GES-1 and AGS cells to transfer.

MTCH2 regulated mitochondrial ATP production
In GES-1 and AGS cells, MTCH2 overexpression stimulated an increase in mitochondrial ATP synthesis, which supplied energy for the malignant phenotype of GES-1 cells and improved the capacity of AGS metastasis. To verify this hypothesis, fluorescent probes were used to detect mitochondrial ATP production (Figure 3A-D), and colony formation was observed through cloning experiments (Figure 3E-H). Overexpression of MTCH2 can increase ATP synthesis and promote proliferation in GES-1 and AGS cells. After MTCH2 knockdown, ATP production and cell proliferation of AGS cells were impaired. Therefore, MTCH2 has carcinogenic and pro-carcinogenic effects in the progression of gastric cancer cells.

MTCH2 regulated MMP levels
We confirmed the effect of MTCH2 on MMP of GES-1 and AGS cells by JC-1 staining. The results showed that overexpression of MTCH2 could up-regulate the red fluorescence of JC-1, accompanied by a decrease in the intensity of green fluorescence, resulting in an increase in MMP. Knocking down MTCH2 down-regulated the red fluorescence of JC-1, increased the green fluorescence intensity, and lead to the decrease of MMP. These results indicated that MTCH2 can affect mitochondrial function by regulating MMP. As a baseline for experimental outcomes, we employed the elimination of cell mitochondrial JC-1 as a positive control (Figure 4).

MTCH2 regulated the opening of mPTP and expression of apoptosis-related proteins
MMP is complementary to the opening of mPTP, and the conformational changes of mPTP structural proteins affect mitochondrial function. As a result, we used Calcein AM to detect the degree of mPTP openness. Compared with the NC-siRNA group, the green fluorescence was eliminated by knocking down MTCH2, indicating that mPTP had been opened. Compared with the NC-OE group, the green fluorescence was enhanced when MTCH2 was overexpressed, indicating that mPTP remaining off (Figure 5A-D). Calcein AM is used as a metal complexation indicator and Lonomycin is used as an mPTP open indicator.
We found that overexpression of MTCH2 can decrease the expression of Bax, cytochrome c (Cyto c), and promote the expression of Bcl-2; knocking down MTCH2 significantly decreased the expression of Bcl-2, and upregulated the expression of Bax and Cyto c (Figure 5E-L). These results indicated that MTCH2 can influence apoptosis of cells by regulating mitochondrial function.

MTCH2 and ATP2A2 are involved in malignant phenotype acquisition of gastric mucosa cells and metastasis of gastric cancer cells
Overexpression of MTCH2 can up-regulate the expression of MTCH2, ATP2A2, N-cadherin, Vimentin, β-catenin, and decrease the expression of E-cadherin in GES-1 cells, promoting the expression of factors related to malignant phenotypic markers (Figure 6A-G). The same effect was also observed in AGS cells. Importantly, in AGS cells, knocking down MTCH2 played the opposite role (Figure 6H-N). This fully indicates that MTCH2 can promote the malignant phenotype of GES-1 and enhance the malignant characteristics of AGS cells.
In order to further explore the mechanism of MTCH2 and ATP2A2 in gastric cancer cell metastasis, we simultaneously knocked down the expression of MTCH2 and ATP2A2. In AGS cells, the combination of MTCH2-siRNA and ATP2A2-siRNA can significantly down-regulate the expression of MTCH2, ATP2A2, N-cadherin, Vimentin, and β-catenin proteins, which is more significant than that of ATP2A2-siRNA alone (Figure 6O-T). These results indicate that MTCH2 and ATP2A2 play a role in the progression of gastric cancer, which is involved in the malignant phenotype of gastric mucosa cells and the metastasis of gastric cancer cells.

DISCUSSION
For a considerable period, mitochondrial functional proteins have been recognized as pivotal factors influencing tumor progression. Mitochondria, crucial in both cell culture and xenografts, are indispensable for initiating and sustaining tumor cell growth[15]. Throughout cancer cell progression, mitochondria play a vital role by supplying the necessary energy through energy conversion and biosynthesis[16]. Mitochondria maintain oxidative phosphorylation through the membrane potential gradient generated by the electron transport chain, which drives ATP synthesis[17]. MTCH2 plays an important role in mitochondrial energy metabolism[18]. Our study showed that MTCH2 is overexpressed in gastric cancer tissues and is closely related to the progression of gastric cancer. In vitro experiments, the up-regulation of MTCH2 expression promoted the malignant biological behavior of GES-1 and enhanced the metastasis ability of AGS cells. We have further found that MTCH2 influences mitochondrial function and apoptosis of GES-1 cells and gastric cancer cells by regulating MMP, mPTP opening and ATP production, indicating the value of MTCH2 in the study of malignant phenotype of gastric mucosa cells and metastasis of gastric cancer cells.
MTCH2 is intricately linked to numerous cellular processes, including cancer and diseases such as Alzheimer’s, acting as a crucial “gateway” for various proteins to enter the mitochondrial[19,20]. Notably, MTCH2 can integrate with a key protein involved in programmed cell death, presenting a promising target for cancer therapy and potentially enhancing the sensitivity of cancer treatment[21]. Moreover, the overexpression of MTCH2 holds significant clinical value in predicting the risk of endometrial cancer[22]. In the context of breast cancer, targeting MTCH2 expression can effectively impede disease progression, underscoring its research potential in both the diagnosis and treatment of malignant tumors[21]. We have shown that MTCH2 overexpression in human gastric cancer tissues is related to invasion, metastasis, and survival rate, reflecting the clinical value of MTCH2 in the diagnosis and treatment of gastric cancer. In cancer research, the upregulation of MTCH1 has been observed to promote hepatocellular carcinoma cell proliferation, invasion, and migration[23]. Through the search of GEPIA database, MTCH2 is more valuable than MTCH1 in the study of gastric adenocarcinoma. Importantly, the results of this study suggest that overexpression of MTCH2 can promote the invasion and migration of GES-1 and AGS cells. Overexpression of MTCH2 can regulate the production of ATP and the formation of mitochondrial ATP synthase, and also regulate the expression of markers of malignancy in cytoplasm. We are consistent with the above views, if an excess of anti-cancer factors, pro-apoptotic factors, or mitochondria-targeting anti-cancer drugs is present within the cell, the action of MTCH2 as a membrane-inserting protein can be harnessed to achieve therapeutic effects. Obviously, gastric mucosa cells and gastric cancer cells have stronger metastasis ability after MTCH2 overexpression, and we speculate that the overexpression of MTCH2 could lead to the activation of more pro-cancer factors’ insertions, as there might be a lack of additional anti-cancer factors. Based on the results obtained from the ATP fluorescence probe, it appears that the overexpression of MTCH2 induces an “excited” state in mitochondrial energy metabolism, thus providing the necessary energy supply for the progression of gastric cancer. These results enrich our new understanding of MTCH2 in the occurrence and development of gastric cancer.
Mitochondrial ATP synthase plays a pivotal role in cancer cell energy metabolism, with ATP2A2 being one of the crucial sarcoplasmic (endoplasmic) reticulum calcium transporter ATPases responsible for shuttling cytoplasmic calcium ions into the endoplasmic reticulum. This process is involved in the development of various types of tumors[24]. ATP2A2, functioning as an ATP synthase-associated protein, plays a critical role in mitochondrial ion exchange and energy transmission, which significantly influences mitochondrial function[25]. Furthermore, ATP2A2 has been proven to be instrumental in regulating linc00221-mediated acute lymphoblastic leukemia cell proliferation and apoptosis[26]. Notably, overexpressed ATP2A2 has also been observed to promote the proliferation of colon cancer and prostate cancer cells[27,28]. In this study, overexpression of MTCH2 can up-regulate ATP2A2 expression, indicating that MTCH2 can regulate ATP synthase synthesis. However, this effect is inhibited upon downregulating MTCH2. This is likely attributed to the abnormal opening of mPTP. Research has revealed that an imbalance in ion proportions within mitochondria can lead to conformational changes in mitochondrial calcium uptake and ATP synthase dimers. This alteration prompts the opening of mPTP, causing decrease in MMP and ultimately cul minating in cell death[29]. The opening of mPTP allows unrestricted movement of ions and small molecules, resulting in mitochondrial depolarization and ATP consumption, thereby triggering cell death[30]. Notably, abnormal mPTP opening has been shown to impact tumor growth in lung cancer cells (A549)[31]. Moreover, further investigations have indicated that mPTP activity in solid tumors is typically found to be in a closed state[32]. In our experiments, we observed that knocking down MTCH2 promotes mPTP opening, leading to a decrease in MMP and ATP depletion. Additionally, it suppresses the expression of the cell proliferation protein (Bcl-2) and enhances the expression of apoptotic factors (Bax, Cyt c). These findings align with the results of D’Orsi et al[8] and provide further insight into how MTCH2 influences cell proliferation and apoptosis by regulating mPTP opening status. Once again, this underscores the potential therapeutic significance of targeting MTCH2 for cancer treatment.
MTCH is a founding member of a unique class of membrane protein insertion enzymes that utilize SLC25 transporter folding[4]. MTCH2 and ATP synthase (ATP2A2) expression were correlated in human gastric cancer tissues. We constructed GES-1 and AGS cell models and suggested that MTCH2 regulates ATP2A2 expression and is associated with the activation of mPTP opening. We speculate that it may be related to the regulation mechanism of calcium homeostasis, and in the future, further in-depth research is warranted. Importantly, MTCH2 can promote the malignant phenotype of gastric mucosa cells and enhance the invasion, migration, and cell proliferation of gastric cancer cells. This has provided novel insights into the role of MTCH2 in gastric cancer research.

CONCLUSION
MTCH2 can mediate ATP synthesis and ATP synthase synthesis by regulating mPTP of cancer cells, increase the malignant phenotype of GES-1 cells, promote the proliferation, invasion, and migration of gastric cancer cells, providing a basis for the targeted therapy of gastric cancer cells.

ARTICLE HIGHLIGHTS
Research background
Mitochondrial carrier homolog 2 (MTCH2), as an insertion enzyme of mitochondrial outer membrane protein, plays an important role in cellular production, energy expenditure and apoptosis induced by mitochondrial permeability transformation pore (mPTP) opening.

Research motivation
MTCH2 has been poorly studied in gastric cancer. The addition of MTCH2 research will provide a broader idea for the treatment of gastric cancer.

Research objectives
To investigate the precise role of MTCH2 in gastric cancer will providing a basis for the targeted therapy of gastric cancer.

Research methods
Sixty-five samples of poorly differentiated gastric cancer tissue and adjacent tissues were collected for MTCH2 and ATP2A2 expression detection. JC-1, mPTP, and ATP fluorescence probe were used for mitochondrial function detection. Wound healing, transwell, and colony formation assay were used for cell migration and proliferation evaluation. Western blotting experiments were conducted to detect the changes in the expression levels of related proteins.

Research results
Both MTCH2 and ATP2A2 are highly expressed in gastric cancer. MTCH2 promotes proliferation and migration of gastric cancer cells, enhances mitochondrial activity, and inhibits apoptosis.

Research conclusions
MTCH2 plays an important role in cellular production, energy expenditure and apoptosis in gastric cancer cells.

Research perspectives
We speculate that the regulation of MTCH2 opening to mPTP may be related to the regulatory mechanism of calcium homeostasis, which will be further studied in the future.
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Figure 1 The expression difference of mitochondrial carrier homolog 2 in gastric cancer and paracancer tissues. A: Gene Expression Profiling Interactive Analysis (GEPIA) was used to analyze the expression of mitochondrial carrier homolog 2 (MTCH2) (left) and MTCH1 (right) in stomach adenocarcinoma; B-D: Expression of MTCH2 and ATP2A2 in gastric cancer tissues and paracarcinoma tissues, n = 65; E-J: MTCH2-OE and MTCH2-siRNA transfection were validated by Western blotting (scale bar: 50 μm). MTCH: Mitochondrial carrier homolog; STAD: Stomach adenocarcinoma; GES-1: Human gastric epithelial cells; AGS: Human gastric cancer cells. aP < 0.001, compared with gastric cancer; bP < 0.001, compared with NC-OE; cP < 0.001, dP < 0.001, compared with NC-siRNA.
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Figure 2 Effects of mitochondrial carrier homolog 2 on invasion and migration of human gastric mucosal cells and human gastric cancer cells. A and C: Migration of human gastric mucosal cell (GES-1) and human gastric cancer cells (AGS) was detected by scratch wound healing assay; B and D: Ratio of 24 h to 0 h wound distance, (scale bar: 400 μm); E and G: Invasion ability of GES-1 and AGS cells was detected by transwell; F and H: The number of cells invaded in random fields of view (scale bar: 50 μm). MTCH2: Mitochondrial carrier homolog 2; siRNA: Small interfering RNA; OE: Overexpression; NC-OE: Negative control of overexpression; NC-siRNA: Negative control of siRNA; GES-1: Human gastric mucosal cell; AGS: Human gastric cancer cells. aP < 0.01, bP < 0.001, compared with NC-OE; cP < 0.001, compared with NC-siRNA.
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Figure 3 Mitochondrial carrier homolog 2 regulates mitochondrial ATP production. A and C: ATP concentration of human gastric mucosal cell (GES-1) and human gastric cancer cells (AGS) were detected through pcMV-AT1.03 plasmid transfection; B and D: Quantification of ATP fluorescence intensity (scale bar: 50 μm); E and G: Detection of the proliferation of GES-1 and AGS cells after by colony formation assay; F and H: Number of cell colonies in different groups. MTCH2: Mitochondrial carrier homolog 2; siRNA: Small interfering RNA; OE: Overexpression; NC-OE: Negative control of overexpression; NC-siRNA: Negative control of siRNA; GES-1: Human gastric mucosal cell; AGS: Human gastric cancer cells. aP < 0.05, bP < 0.001 compared with NC-OE; cP < 0.001, compared with NC-siRNA.
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Figure 4 Mitochondrial carrier homolog 2 regulates the level of mitochondrial membrane potential. A and C: Mitochondrial membrane potential level of human gastric mucosal cell and human gastric cancer cells were detected by JC-1 staining; B and D: Quantification of JC-1 fluorescence intensity (scale bar: 50 μm). MTCH2: Mitochondrial carrier homolog 2; siRNA: Small interfering RNA; OE: Overexpression; NC-OE: Negative control of overexpression; NC-siRNA: Negative control of siRNA; GES-1: Human gastric mucosal cell; AGS: Human gastric cancer cells. aP < 0.001, compared with positive control; bP < 0.001, compared with NC-OE; cP < 0.001, compared with NC-siRNA.
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Figure 5 Mitochondrial carrier homolog 2 regulates the opening of mitochondrial permeability transition pore and expression of apoptosis-related proteins. A and C: The opening of mitochondrial permeability transition pore (mPTP) channels in human gastric mucosal cell (GES-1) and human gastric cancer cells (AGS) were detected by Calcein AM staining; B and D: Quantification of mPTP fluorescence intensity (scale bar: 50 μm); E-H: The expression level of Bax (E and F), Bcl-2 (E and G), and Cyto c (E and H) in mitochondrial carrier homolog 2 (MTCH2) overexpressed and MTCH2 silenced GES-1 cells were detected by Western blotting; I-L: The expression level of Bax (I and J), Bcl-2 (I and K), and Cyto c (I and L) in MTCH2 overexpressed and MTCH2 silenced AGS cells were detected by Western blotting. mPTP: Mitochondrial permeability transition pore; MTCH2: Mitochondrial carrier homolog 2; siRNA: Small interfering RNA; OE: Overexpression; NC-OE: Negative control of overexpression; NC-siRNA: Negative control of siRNA; GES-1: Human gastric mucosal cell; AGS: Human gastric cancer cells. aP < 0.001, cP < 0.01, compared with NC-OE; bP < 0.001, compared with NC-siRNA.
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Figure 6 The expression of mitochondrial carrier homolog 2 and ATP2A2 is involved in the malignant phenotype of gastric epithelial cells and the metastasis of human gastric cancer cells. A-G: After mitochondrial carrier homolog 2 (MTCH2)-OE plasmid was transfected into gastric epithelial cells, changes of the expression level of MTCH2, ATP2A2, Vimentin, b-catenin, N-cadherin, and E-cadherin were detected; H-N: After human gastric cancer cells (AGS) were transfected with MTCH2-OE, MTCH2 siRNA3 and MTCH2 siRNA2, the expression level of MTCH2, ATP2A2, Vimentin, b-catenin, N-cadherin, and E-cadherin were detected by Western blotting; O-T: After AGS cells were transfected with MTCH2-siRNA or ATP2A2 siRNA, the expression level of MTCH2, ATP2A2, Vimentin, b-catenin, and N-cadherin were detected by Western blotting. NS: No significant; aP < 0.001, compared with NC-OE; bP < 0.001, cP < 0.001, compared with NC-siRNA; dP < 0.001, eP < 0.001, fP < 0.001, hP < 0.05, compared with MTCH2 siRNA + ATP2A2 siRNA; gP < 0.001, compared with ATP2A2 siRNA.

Table 1 Relationship between mitochondrial carrier homolog 2 expression and clinical pathological features in gastric cancer patients
	Clinical pathological features
	n
	MTCH2 expression
	[bookmark: _Hlk131693408]χ2
	P value

	
	
	Positive (n = 48)
	Negative (n = 17)
	
	

	Gender
	
	
	
	
	

	Male
	41
	27
	14
	3.673
	0.055

	Female
	24
	21
	3
	
	

	Age (yr)
	
	
	
	
	

	< 60
	33
	25
	8
	0.127
	0.722

	≥ 60
	32
	23
	9
	
	

	Infiltration depth
	
	
	

	T1 + T2
	29
	16
	13
	9.454
	0.002b

	T3 + T4
	36
	32
	4
	
	

	TNM stage
	
	
	
	

	I + II
	34
	21
	13
	5.388
	0.020a

	III + IV
	31
	27
	4
	
	

	Lymph node
	
	
	
	

	Metastasis
	
	
	
	

	Yes
	45
	37
	8
	5.313
	0.021a

	No
	20
	11
	9
	
	

	Greater omentum metastasis
	
	

	Yes
	37
	31
	6
	4.392
	0.036a

	No
	28
	17
	11
	
	

	Survival
	
	
	
	
	

	Yes
	44
	29
	15
	4.442
	0.035a

	No
	21
	19
	2
	
	


aP < 0.05.
bP < 0.01.
MTCH2: Mitochondrial carrier homolog 2.

Table 2 Correlation between mitochondrial carrier homolog 2 and ATP2A2
	Factor
	Pearson correlation
	P value

	MTCH2 and ATP2A2
	0.425
	< 0.001c


cP < 0.001.
MTCH2: Mitochondrial carrier homolog 2.
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