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Abstract 

Clear cell renal cell carcinoma (ccRCC) is resistant to conventional radiotherapy 

and chemotherapy, creating an urgent need for novel therapeutic strategies. Although 

GABA transaminase (ABAT) is involved in metabolic reprogramming as reported, its 

precise function and molecular mechanisms in ccRCC remain unclear. Here, we 

demonstrate that ABAT overexpression suppresses tumor growth both in vitro and in 

vivo. Mechanistically, ABAT mediates the cGAS–STING signaling pathway, and 

interacts with protein arginine methyltransferase 5 (PRMT5), thereby enhances 

interferon signaling. Besides, ABAT was found to reduce the infiltration of regulatory 
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T cells within the tumor microenvironment. Collectively, these results suggest that 

ABAT represents a potential therapeutic target in clear cell renal cell carcinoma. 
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Introduction 

It is estimated that over 400,000 new cases of kidney cancer are diagnosed and 

more than 175,000 related deaths occur worldwide each year【1】. The most common 

type is renal cell carcinoma (RCC), which accounts for 80% to 90% of all kidney 

cancer cases. RCC comprises a heterogeneous group of cancers originating from renal 

tubular epithelial cells【2】. Among its various pathological subtypes, clear cell RCC 

(ccRCC) is the most prevalent, representing approximately 65% of RCC and 

responsible for the majority of RCC-related deaths【3, 4】. 

Localized ccRCC remains primarily treated by surgical resection【5】; nevertheless, 

20–30% of patients develop metastatic recurrence after surgery【6】. Moreover, 30–50% 

of patients present with metastatic disease at initial diagnosis, which is generally 

associated with a poorer prognosis【7】.ccRCC is not sensitive to radiotherapy or 

chemotherapy, and current treatments are mainly based on targeted therapy and 

immunotherapy. Therefore, the discovery of new targets for ccRCC still has 

significant clinical implications. 

Accumulating evidence suggests that gamma-aminobutyric acid (GABA) is 

involved in tumor progression. Although GABA functions as a neurotransmitter in the 

central nervous system and scarcely crosses the blood-brain barrier, growing evidence 

indicates its accumulation in non-neuronal tumors—such as lung cancer, colorectal 

cancer, and melanoma—where it promotes tumorigenesis【8-11】. In vivo, GABA 

metabolism and catabolism are associated with the enzyme gamma-aminobutyric acid 

transaminase (ABAT)【12】. Recent studies have shown that ABAT expression is 

decreased in ccRCC and that it suppresses the oncogenic capacity of ccRCC cells【13】. 

Nevertheless, the intrinsic function and underlying mechanisms of ABAT in ccRCC 

remain unexplored. 
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Here, we report that ABAT directly exerts tumor-killing effects by enhancing 

interferon signaling mediated via the cGAS–STING pathway. 

Results 

ABAT expression is significantly downregulated in renal cell carcinoma. 

GABA in the human body is maintained in a dynamic equilibrium, primarily 

synthesized by glutamate decarboxylase 1 (GAD1) and metabolized by ABAT【12】. To 

clarify the expression levels of ABAT and GAD1 in kidney cancer patients, we 

queried The Cancer Genome Atlas Program (TCGA) database. The results indicate 

that both ABAT and GAD1 are significantly downregulated in renal carcinoma. 

However, the decrease in ABAT is associated with a poorer prognosis, whereas the 

expression level of GAD1 shows no significant correlation with patient outcomes

（figure1，A and B) . Subsequently, we collected five paired clinical samples from our 

institution. The immunohistochemical and RT-qPCR results(figure1,B-D) were 

consistent with the findings from the public databases. Therefore, we decided to 

further investigate the role of ABAT. 

Overexpression of ABAT significantly suppressed tumor growth. 

To investigate the function of ABAT in tumors, we overexpressed the ABAT gene 

in two human ccRCC cell lines (OSRC2 and A498)(figure1,E and figure2A). Both 

EdU staining assays and CCK-8 assays demonstrated that ABAT overexpression 

significantly inhibited the proliferation of ccRCC cells.The wound healing and 

Transwell assays also indicated the tumor-suppressive function of ABAT(figure2B-E). 

Moreover, knocking down the ABAT gene in the ABAT-overpressing cells markedly 

attenuated this suppressive effect on cell proliferation(figure2C).To examine the 

impact of ABAT on tumor growth in vivo, OSRC2 cells overexpressing ABAT were 

subcutaneously injected into the flanks of nude mice. The results showed that ABAT 

overexpression significantly reduced both the growth rate and final size of the 

tumors(figure2F). 
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To determine whether the function of ABAT in ccRCC depends on its Enzyme 

Function, exogenous GABA was added to the culture, followed by EdU staining and 

measurement of GABA levels in the cell supernatant using an ELISA kit(figure2G). 

The results indicated that GABA levels in the supernatant were significantly 

decreased in ABAT-overexpressing cells, yet this did not interfere with tumor cell 

growth(figure2H). This series of experiments suggests that ABAT inhibits ccRCC cell 

growth, independent of its enzymatic role in GABA catabolism. 

Overexpression of ABAT triggers cGAS-STING-induced type I interferon (IFN-I) 

signaling. 

To further decipher the mechanism by which ABAT attenuates tumor growth, we 

performed RNA-seq analysis on OSRC2 cells overexpressing ABAT. Analysis of 

differentially expressed genes revealed that many of the top-ranked genes were 

interferon-stimulated genes (e.g., MX1, MX2, ISG15, ISG20)(figure3A and B). 

Reactome pathway enrichment analysis indicated that these differentially expressed 

genes were primarily enriched in the IFN signaling pathway and the IFN alpha/beta 

signaling pathway(figure3C-F). We then validated the RNA-seq data by qRT-PCR, 

confirming that ABAT overexpression significantly elevated the transcript levels of 

these ISGs and IFN-β(figure3G). Subsequently, an ELISA kit was used to detect IFNβ 

levels in the cell culture supernatant, which showed a significant increase in 

ABAT-overexpressing ccRCC cell lines. Western blot analysis further supported this 

result(figure3H-I). 

According to published literature, IFN-β secretion is triggered by the activation 

of the upstream transcription factor interferon regulatory factor 3 (IRF3). Several 

innate sensing pathways are involved in this regulatory process, such as the dsDNA 

sensor cGAS-STING, the dsRNA sensor RIG-I/MDA5-MAVS, and the LPS sensor 

Toll-like receptors 【 14, 15 】 . To identify which sensor plays a critical role in 

ABAT-promoted IFN-β secretion, we treated ABAT-overexpressing cells with 

inhibitors targeting different sensor pathways. The results showed that adding H151, 

an inhibitor of the cGAS-STING pathway【16】, but not RIG012, an inhibitor of the 
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RIG-I/MDA5-MAVS pathway【17】, significantly reduced the IFN-β levels induced by 

ABAT overexpression(figure3,I-K and figure4,A and B). In vivo experiments also 

demonstrated that treatment with H151 partially rescued the tumor-suppressive effect 

caused by ABAT overexpression. Therefore, we conclude that the cGAS-STING 

pathway responds to changes in ABAT levels, thereby activating IFN-β(figure3L). 

Overexpression of ABAT affects mitochondrial homeostasis and interacts with 

PRMT5. 

Next, we sought to investigate the mechanism by which ABAT regulates the 

cGAS-STING pathway. We transfected FLAG-ABAT plasmids into OSRC2 and A498 

cells and performed co-immunoprecipitation (co-IP) followed by mass spectrometry 

analysis of the associated proteins(figure4C). Among the identified proteins, protein 

arginine methyltransferase 5 (PRMT5)【18, 19】 showed high confidence scores in both 

cell lines(figure4D). Western blot analysis confirmed the interaction between ABAT 

and PRMT5(figure4E). The immunofluorescence results further corroborate the 

co-localization between the two(figure4J). Subsequently, we knocked down the 

PRMT5 gene in OSRC2 cells and observed that PRMT5 knockdown significantly 

increased the level of phosphorylated STING and IFN-β (figure4F-H). 

Notably, ABAT is a mitochondrial matrix protein, whereas PRMT5 is 

predominantly reported to localize in the cytoplasm and nucleus 【 20-23 】 . We 

hypothesized that ABAT overexpression might induce mitochondrial stress, leading to 

the release of ABAT into the cytoplasm due to mitochondrial damage. To examine 

mitochondrial status, we utilized the dsDNA probe PicoGreen and performed 

RT-qPCR to detect cytoplasmic mitochondrial DNA (mtDNA)【24】（figure4I and 

figure5A). The results showed that cells overexpressing ABAT released more dsDNA 

into the cytoplasm. Furthermore, using the JC-1 probe【25】, we observed a decrease in 

mitochondrial membrane potential in ABAT-overexpressing cells(figure5B-E). 

Cryo-electron microscopy also revealed abnormal mitochondrial morphology in these 
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cells(figure5). Collectively, these findings indicate that ABAT overexpression induces 

mitochondrial damage. 

ABAT Reduces Treg Cell Infiltration in the Immune Microenvironment 

Next, we sought to clarify how ABAT functions within an immune-competent 

context. We performed subcutaneous tumor implantation experiments using BALB/c 

mice. Consistent with previous findings, tumor formation by Renca cells 

overexpressing ABAT was significantly suppressed in immunocompetent 

mice(figure5G). To explore the underlying mechanism, we used flow cytometry to 

analyze immune cell populations in control and ABAT-overexpressing ccRCC tumors; 

the gating strategy for murine tumor-infiltrating immune cells is provided in the 

Supplementary Methods(Supplemental Figure1A). We found that ABAT 

overexpression markedly reduced the infiltration of regulatory T cells (Tregs). 

Although the number of CD8⁺ T cells did not show a significant change, the ratio of 

Tregs to CD8⁺ T cells was considerably decreased(figure5H). These results suggest 

that ABAT may alleviate the immunosuppressive state in the tumor microenvironment 

by inhibiting the recruitment of Tregs. However, the precise mechanism involved 

requires further investigation. 

Discussion 

Advanced ccRCC is associated with a poor prognosis, and while TKIs constitute 

a mainstay of clinical therapy, a subset of patients fails to benefit from these 

treatments【26】 . The discovery of novel therapeutic targets remains imperative, 

especially as the demand for precision medicine in kidney cancer patients continues to 

rise. Our study demonstrates that ABAT suppresses ccRCC cells by activating innate 

immunity. Given that ABAT expression is commonly downregulated in ccRCC 

patients, lower ABAT levels appear to promote cancer cell survival. Our findings 

identify ABAT as a potential therapeutic target for ccRCC. However, the mechanisms 

by which ccRCC drives the reduction of ABAT levels remain to be elucidated. 
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PRMT5 is currently recognized as an oncogene in multiple cancer types【27-31】, 

and its inhibitors have already entered clinical trials【32-34】. PRMT5 and its metabolites 

have also been reported to be involved in renal tumor【35】. Our experiments indicate an 

interaction between ABAT and PRMT5, which further suggests the potential utility of 

PRMT5 inhibitors in renal cancer. Regarding the mechanism underlying their 

interaction, we propose two possible explanations: mitochondrial damage induced by 

ABAT overexpression, or the recruitment of PRMT5 to the mitochondrial outer 

membrane by ABAT. There is accumulating evidence that PRMT5 plays a crucial role 

in mitochondrial function【36, 37】. If we can elucidate the mechanism of interaction 

between PRMT5 and mitochondria, it would represent a significant innovative 

contribution. 

ccRCC is also a highly immunogenic tumor, characterized by a substantial 

presence of immune cells exhibiting a suppressive phenotype【38, 39】. Increasing 

evidence suggests that combination therapy using TKIs and immune checkpoint 

inhibitors holds considerable promise【40-42】. Our study demonstrates that ABAT 

alleviates the immunosuppressive state in renal cell carcinoma by reducing Treg 

infiltration.This finding highlights the potential value of ABAT in the context of 

immunotherapy. 

However, our study still has many limitations. For instance, knocking down 

ABAT resulted in cell growth, which led us to use only overexpression models rather 

than knockdown approaches. Additionally, PRMT5 has been reported to suppress the 

activation of STING
【43-45】. Given that ABAT overexpression impairs mitochondrial 

integrity and thereby establishes a permissive environment for cGAS  –  STING 

activation, whether PRMT5 contributes to this process remains to be elucidated. 

Previous studies have reported that ABAT drives sunitinib resistance in renal cell 

carcinoma through metabolic reprogramming【46】. As a metabolic enzyme, whether its 

substrate GABA plays a role in our experimental system remains unclear, as we were 

unable to successfully construct enzymatic active-site mutants. Furthermore, the 
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potential role of GABA in an intact immune context has yet to be examined. These 

questions warrant further in-depth exploration in subsequent studies. 

In summary, our study reveals that ABAT mediates the cGAS – STING signaling 

pathway to promote IFN-β release, thereby exerting cytotoxic effects on ccRCC cells. 

This finding may offer a new therapeutic target for metastatic and advanced renal cell 

carcinoma. 

METHODS 

Human Samples and Animal Models 

Human renal cancer samples from both male and female patients were analyzed. All 

mouse studies included both male and female animals; sex was not considered as a 

biological variable in this study. 

Cell Lines and Clinical Specimens 

The ccRCC cell lines OSRC2 and A498, as well as the mouse renal carcinoma cell 

line Renca, were purchased from Bionovogene Co., Ltd. OSRC2 and Renca were 

cultured in RPMI-1640 medium (Procell), and A498 was maintained in MEM 

medium (Procell). All media were supplemented with 10% FBS (Procell) and 1% 

penicillin–streptomycin (Procell), except for Renca which was cultured with 20% 

FBS. Cells were incubated at 37°C under 5% CO₂. All cell lines were routinely 

confirmed to be free of mycoplasma contamination. Surgically resected human 

ccRCC tissues and associated clinical information were obtained from the Department 

of Urology, Chinese PLA General Hospital. Histology and pathological subtypes of 

all tissues were independently confirmed by three experienced pathologists. 

Plasmid Construction and Transfection 

The coding sequence (CDS) of the human ABAT gene was synthesized by Biomed 

and cloned into the pCMV-Flag vector. The mouse ABAT CDS was also synthesized 

by Biomed and cloned into the pCMV vector. Lentiviral vectors were co-transfected 

with PAX2 and VSVG packaging plasmids into HEK293T cells. After 48–72 h, 

supernatants were collected and concentrated overnight at 4°C using a lentivirus 

concentration reagent (GenStar). To generate stable cell lines, cells were infected with 

lentivirus for 24 h followed by puromycin selection for one week. 

Cell Viability Assay 

For proliferation assays, OSRC2 and A498 cells were seeded in 96-well plates at 

2,000 cells per well in 100 µL complete medium. Viability was assessed every 24 h by 

adding CCK-8 reagent to each well, incubating at 37°C for 2 h, and measuring 

absorbance with a microplate reader. 
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EdU Assay 

Cells were seeded at 5×10⁴ per well in 96-well plates. EdU incorporation was detected 

using the BeyoClick™ EdU Cell Proliferation Kit (Beyotime, C0078S). In brief, cells 

were incubated with EdU working solution for 2 h at 37°C, fixed with 4% 

paraformaldehyde, permeabilized with 0.1% Triton X-100, and reacted with Click 

reaction solution. Nuclei were counterstained with Hoechst. Fluorescent images were 

captured under a microscope, and five random fields per well were quantified. 

Quantitative Real-Time PCR (qRT-PCR) 

Total RNA was extracted using the FastPure Cell/Tissue Total RNA Isolation Kit V2 

(Vazyme). cDNA was synthesized with HiScript III RT SuperMix (Vazyme). qPCR 

was performed using ChamQ Universal SYBR qPCR Master Mix (Vazyme) on a 

CFX96 Real-Time PCR System (Bio-Rad). Gene expression fold-changes were 

calculated after normalization to GAPDH. Primer sequences are listed in 

Supplementary Table X. 

Invasion Assay 

For invasion assays, 2×10⁴ cells in 200 µL serum-free medium were seeded into the 

upper chamber of a 24-well Transwell insert pre-coated with 5% Matrigel. The lower 

chamber contained 600 µL medium with 10% FBS. After 24 h, invaded cells were 

fixed with 4% paraformaldehyde, stained with 0.1% crystal violet, and counted in 

three random fields. 

Western Blotting 

Cells were lysed on ice for 30 min using RIPA buffer containing protease inhibitors 

and PMSF. Protein concentration was determined with a BCA Protein Assay Kit 

(Solarbio). Samples were denatured in 5× loading buffer at 95°C for 10 min, 

separated by SDS-PAGE, and transferred to PVDF membranes. Membranes were 

blocked with 5% non-fat milk, incubated overnight at 4°C with primary antibodies 

against GAPDH (Proteintech, 60004-1-Ig), ABAT (Zenbio, R24385), STING pathway 

proteins (Human-Reactive STING Pathway Antibody Sampler Kit), and IFN-β 

(Proteintech, 27506-1-AP). After washing, membranes were incubated with 

HRP-conjugated anti-rabbit (Proteintech, SA00001-2) or anti-mouse (Proteintech, 

SA00001-1) secondary antibodies for 1 h at room temperature. Protein bands were 

visualized using an ECL substrate on a QuickChemi 5200 imaging system. 

Immunohistochemistry (IHC) 

Paraffin-embedded tissue sections were stained for ABAT and GAD1 expression. 

Sections were incubated overnight at 4°C with primary antibodies against ABAT 

(Zenbio, R24385) and GAD1 (Proteintech, 10408-1-AP), followed by 

enzyme-conjugated secondary antibodies. After washing, color development was 

performed with DAB substrate. Staining intensity was evaluated based on the 

percentage of positive cells. 
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Animal Studies 

All animal experiments were approved by the Institutional Animal Care and Use 

Committee. BALB/c and nude mice (6–8 weeks old) were purchased from Beijing 

Vital River Laboratory Animal Technology Co., Ltd. Mice were housed under a 12-h 

light/dark cycle with free access to food and water in a specific pathogen-free 

facility.Avertin (Tribromoethanol) Solution Preparation: An anesthetic stock 

solution (1.25% w/v) was prepared by dissolving 2.5 g of 2,2,2-tribromoethanol in 5 

mL of tertiary amyl alcohol (2-methyl-2-butanol). The final volume was adjusted to 

200 mL with sterile ultrapure water. The solution was protected from light and filtered 

through a 0.22 μm sterile filter prior to use.Mouse Anesthesia: Mice were 

anesthetized via intraperitoneal (i.p.) injection of the freshly prepared 1.25% 

tribromoethanol solution at a standard dosage of 20 μL per gram of body weightThe 

body weight of the mice was 200 ± 20 g..Euthanasia: To minimize distress and 

ensure a humane endpoint, anesthetized mice were euthanized by cervical 

dislocation.Animal experiments have been subjected to ethical review, approval 

number: ZYZC202511006S. 

Subcutaneous Tumorigenesis 

Renca (2×10⁶ cells/mouse) or OSRC2 (5×10⁶ cells/mouse) cells were injected 

subcutaneously into the right flank of BALB/c or nude mice. Tumor size was 

measured every two days using calipers once tumors became palpable, and volume 

was calculated as (length × width²)/2. For rescue experiments, starting from day 14, 

mice were intraperitoneally injected every two days with 7.5 µM H151 (MCE, 

HY-112693) or PBS as control. 

ELISA 

Cell culture supernatants were collected from 6-well plates. Levels of human IFN-β 

were measured using a commercial ELISA kit (Elabscience) according to the 

manufacturer’s instructions. Cytokine concentrations were calculated based on OD 

values at 450 nm. 

RNA-seq and GSEA 

Total RNA was isolated using the FastPure Cell/Tissue Total RNA Isolation Kit V2 

(Vazyme). RNA sequencing and library preparation were performed by Majorbio 

Bio-Pharm Technology Co., Ltd. on an Illumina platform. Differentially expressed 

genes were defined as those with |log₂FC| > 1.5 and adjusted p ≤ 0.05. Gene set 

enrichment analysis (GSEA) was conducted using the Molecular Signatures Database 

(MSigDB) to evaluate IFN-I-related signatures. 

Cytosolic mtDNA Detection 

OSRC2 or A498 cells were seeded in 6-well plates. Cells were treated on ice with 

NP-40 buffer for 15 min. Supernatants were collected and centrifuged at 18,630 ×g 

for 15 min at 4°C. DNA was extracted from the supernatant using the Beyotime 
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Genomic DNA Extraction Kit. mtDNA levels were quantified by RT-qPCR or 

conventional PCR. 

Mitochondrial Membrane Potential (ΔΨm) Measurement 

ΔΨm was assessed using the fluorescent dye JC-1. Cells were incubated with 2–5 μM 

JC-1 staining solution at 37°C for 20–30 min in the dark, washed with pre-warmed 

PBS, and analyzed immediately. Fluorescence was detected using a fluorescence 

microscope or microplate reader. JC-1 forms red-fluorescent aggregates (Ex/Em 

525/590 nm) at high ΔΨm and green-fluorescent monomers (Ex/Em 490/530 nm) at 

low ΔΨm. The ratio of red to green fluorescence intensity was used to represent ΔΨm; 

a decrease in the ratio indicates mitochondrial depolarization. 

Flow Cytometric Analysis of Tumor-Infiltrating Immune Cells 

Tumor-bearing mice were euthanized, and tumors were excised, weighed, and 

mechanically dissociated. Tissues were digested with DNase I and collagenase IV 

(Sigma-Aldrich) at 37°C for 60 min. Single-cell suspensions were obtained by 

filtering through a 70-μm strainer (BIOFIL). After washing with RPMI-1640, red 

blood cells were lysed (Beyotime). Cells were stained in the dark for 30 min with the 

following antibodies: BV510 anti-mouse CD45 (BioLegend, 103137), BV605 

anti-mouse CD3 (BioLegend, 100237), Alexa Fluor 488 anti-mouse CD4 (BioLegend, 

100423), APC/Fire 750 anti-mouse CD8a (BioLegend, 100766), and APC anti-mouse 

NK1.1 (BioLegend, 108710). Stained cells were analyzed by flow cytometry (BD 

Biosciences), and data were processed using FlowJo software. 

Statistical Analysis 

Data are presented as mean ± SD. Overall survival was calculated using the Kaplan–

Meier method with the log-rank test. Differences between groups were assessed by 

two-tailed Student’s t-test, one-way ANOVA, or two-way ANOVA, as appropriate. 

Statistical analyses were performed using GraphPad Prism software. A p-value < 0.05 

was considered statistically significant. 

Study approval. 

All Kidney cancer tissue samples used in this study were obtained from patients with 

their informed consent, and the use of these samples was approved by the IRB of the 

Chinese PLA General Hospital. All animal experiments were performed in accordance 

with institutional regulations and approval by the Institutional Animal Care and Use 

Committee of the Chinese PLA General Hospital. 

Data availability. 

The datasets generated and analysed during the current study are available in the NCBI 

Sequence Read Archive . (SRR36638439, SRR36638436, SRR36638441, 

SRR36638438, SRR36638440, SRR36638437) 
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Figure 1.ABAT expression is significantly downregulated in renal cell 

carcinoma.(A) Expression levels of ABAT and GAD1 in ccRCC from The Cancer 

Genome Atlas (TCGA) database and their prognostic significance.(B) Representative 

immunohistochemical (IHC) staining of ABAT and GAD1 in clinical ccRCC tissue 

sections (n = 5).(C) Quantification of the proportion of IHC-positive cells.(D) RT‑

qPCR analysis of ABAT and GAD1 expression in ccRCC patient tissue samples (n = 

5).(E) Western blot showing protein expression levels of ABAT, GAD1, and GAD2 in 
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renal carcinoma cell lines.Data are presented as mean ± SD. Statistical significance 

was determined by two‑way ANOVA . *P < 0.05, **P < 0.01, ***P < 0.001. 

 

 

Figure 2.Overexpression of ABAT significantly suppressed tumor growth.(A) 

Western blot showing the overexpression level of ABAT in the indicated renal 

carcinoma cell lines.(B) CCK-8 assay demonstrating the proliferation of the indicated 

renal carcinoma cells, with daily measurements normalized.(C) EdU assay reflecting 
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the proliferation level of the indicated cells.(D) Wound healing assay showing that 

ABAT overexpression inhibited the migration of the indicated cells.(E) Transwell 

assay indicating that ABAT overexpression reduced the invasive ability of the 

indicated cells.(F) Xenograft tumor model illustrating tumor size and growth curves 

following ABAT overexpression.(G) GABA concentration in the supernatant of the 

indicated cells was measured using an ELISA kit.(H) The indicated cells were treated 

with 100  μM GABA or an equal volume of PBS for 12  h, followed by EdU 

assay.Data are presented as mean ± SD. Statistical significance was determined by 

two‑way ANOVA. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 3.Overexpression of ABAT triggers cGAS-STING-induced type I 

interferon signaling.(A–B) Volcano plot and heatmap demonstrate differentially 

expressed mRNAs in the indicated OSRC2 cells.(C–D) Enrichment analysis of 

representative KEGG and Reactome pathways among oeABAT‑mediated target 

genes.(E–F) GSEA plots of individual pathways enriched in shAsns‑depleted MBT2 

cells.(G) RT‑qPCR shows mRNA levels of interferon‑related genes in the indicated 

cells.(H) Western blot reveals IFN‑β protein levels in oeABAT‑expressing cells.(I–

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



K) ELISA, RT‑qPCR, and Western blot indicate IFN‑β levels in the indicated cells 

following H151 treatment.(L) Western blot displays protein levels of cGAS–STING 

pathway components in oeABAT‑expressing cells.Data are presented as mean ± SD. 

Statistical significance was determined by two‑way ANOVA. *P < 0.05, **P < 0.01, 

***P < 0.001.
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Figure 4.Overexpression of ABAT affects mitochondrial homeostasis and 

interacts with PRMT5.(A) EdU assay showing the proliferation of indicated cells 

following H151 treatment.(B) Xenograft tumor model (n = 5) demonstrating the in 

vivo tumorigenicity of indicated cells after H151 treatment.(C) Silver staining of the 

PAGE gel after co-immunoprecipitation in OSRC2 cells transfected with the 

FLAG-ABAT plasmid.(D) Secondary mass spectrometry (MS/MS) spectrum of a 

PRMT5-specific peptide.(E) Western blot indicating the interaction between ABAT 
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and PRMT5.(F-H) Western blot and ELISA showing the levels of STING and IFN-β 

after PRMT5 knockdown in control and oeABAT cells, respectively.(I) Quantification 

of the ratio of green fluorescence (DNA stained by Picogreen) co-localizing with 

mitochondria (stained by MitoTracker).Data are presented as mean ± SD. Statistical 

significance was determined by two‑way ANOVA. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 5.Overexpression of ABAT affects mitochondrial quality and reduces Treg 

cell infiltration in the tumor immune microenvironment.(A) RT‑qPCR shows the 

relative levels of cytoplasmic mitochondrial DNA (cmtDNA) in the indicated cell 

lines.(B, D) Flow cytometry analysis displays the ratio of JC‑1‑positive cells and 

corresponding quantification in the indicated cells.(C, E) Representative confocal 

microscopy images of JC‑1 staining in the indicated cells and the associated 

quantification.(F) Electron microscopy reveals the distinct morphological features of 

mitochondria.(G) Subcutaneous tumor formation assay (n = 5) demonstrates that 
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ABAT overexpression significantly suppresses tumor growth in vivo(H) Flow 

cytometric analysis of tumors from (G) showing the proportions of Tregs and CD8⁺ T 

cells.Data are presented as mean ± SD. Statistical significance was determined by two

‑way ANOVA. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S1.the gating strategy for murine tumor-infiltrating immune cells.（A）

Representative flow-cytometry gating strategy for quantifying the number of various 

immune effector cell subsets in murine tumors. 
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