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Abstract: Monoamine oxidase B (MAOB) is an enzyme implicated in various physiological and pathological processes, particularly
in the context of cancer. This review comprehensively examines the metabolic functions of MAOB within its dual implications in
tumorigenesis. MAOB is significantly involved in regulating the levels of monoamines, including dopamine, and its dysregulation is
associated with neurodegenerative diseases and cancer progression. Elevated MAOB activity has been linked to increased oxidative
stress, contributing to tumor growth and metastasis through enhanced glycolysis and mitochondrial dysfunction. Furthermore,
MAOB?’s influence on the tumor microenvironment is evidenced by its modulation of key signaling pathways such as NF-«B and
PI3K/AKT, impacting immune response and tumor behaviors. This review discusses the distinct expression patterns of MAOB across
various cancer types and its potential as a prognostic marker and therapeutic target. We outline ongoing efforts in the development of
small molecule inhibitors of MAOB, investigating their mechanisms of action, efficacy, and potential combination therapies with
traditional chemotherapeutics and immunotherapies. The integration of multi-omics approaches is emphasized as a future direction to
further elucidate MAOB?’s role in cancer biology and refine personalized therapeutic strategies.
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Introduction
Background
Traditional Metabolic Functions of MAOB in Nervous System
Monoamine oxidase B (MAOB) is an enzyme primarily located in the mitochondria of cells throughout the body, with
particularly high concentrations in the brain, liver, and other tissues. It plays a critical role in regulating the levels of
monoamine neurotransmitters, involving the oxidative deamination of monoamines like dopamine, phenylethylamine and
benzylamine.' This enzymatic activity is essential for regulating the levels of these neurotransmitters, influencing
energy production and managing oxidative stress within neurons.” Especially, dopamine, vital for motor control,
motivation, and reward, is a key substrate for MAOB. Dysregulation of MAOB activity can disrupt the delicate balance
of neurotransmitter availability, leading to imbalances that affect mood, cognition, and motor control. Altered MAOB
activity has been observed in various psychiatric disorders and neurological impairments, underscoring its importance in
maintaining proper neurological function.'

MAORB is traditionally linked to neurodegenerative diseases such as Parkinson’s and Alzheimer’s disease."*® In these
conditions, excessive MAOB activity contributes to oxidative damage through increased production of hydrogen peroxide
(H,0,) during the deamination of monoamines. This oxidative stress can exacerbate neuronal damage and accelerate disease
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progression.” Therapeutic strategies often target MAOB inhibition to mitigate oxidative stress and alleviate symptoms
associated with these neurodegenerative diseases. Inhibiting MAOB helps to reduce the production of reactive oxygen species
(ROS) and protect neurons from further damage.®

MAOB in Tumor Metabolism and Oxidative Stress

MAOB plays a dual role in tumor metabolism and oxidative stress modulation. While its activity can promote ROS
generation, potentially contributing to carcinogenesis, it also influences therapeutic resistance."* High MAOB expression
has been linked to enhanced glycolysis, mitochondrial dysfunction, and redox imbalance in various cancers.” This
complex interplay suggests that MAOB’s impact on tumor cells is context-dependent and can vary based on the specific

. 9
cancer type and cellular environment.

MAOB on Tumor Microenvironment and Signaling Pathways

Mitochondrial MAOB significantly impacts the tumor microenvironment (Figure 1C). It influences signaling pathways
relevant to tumorigenesis, such as NF-xB, HIF-1a, and PI3K/AKT®'" (Figure 1D). Specifically, stromal-derived MAOB
promotes prostate cancer growth and progression.” MAOB can induce a reactive stroma with activated marker expres-
sion, increased extracellular matrix remodeling, and the acquisition of a protumorigenic phenotype through enhanced
ROS production’ (Figure 1A). Furthermore, MAOB transcriptionally activates CXCL12 through Twistl, synergizing
with TGFBIl-dependent Smads in the prostate stroma, stimulating tumor-expressed CXCR4-Src/JNK signaling in

a paracrine manner.’

Research Significance

Tumor-Specific Expression Differences of MAOB

MAOB exhibits distinct expression patterns across different types of tumors.'? For example, in colorectal cancer,
high expression of MAOB, but not MAOA, correlates with worse disease stages and poorer survival.'* Identifying
these differences is significant for understanding tumor heterogeneity and tailoring therapeutic strategies
accordingly.'? It has been shown that MAOB is highly expressed in colorectal cancer (CRC) tissues compared to
normal colorectal tissues, and its expression significantly correlates with a higher recurrence rate and a poor

prognosis.'?

Clinical Value of MAOB as a Prognostic Marker and Therapeutic Target

MAOB has potential as a prognostic marker based on correlations with patient outcomes.'*'* In prostate cancer, lower MAOB
expression levels correlate with higher Gleason scores, advanced clinical T stages, tumor metastasis, and poorer prognosis.'>
Ongoing efforts are leveraging MAOB inhibitors as therapeutic agents against various malignancies.” Pharmacological inhibition
of stromal MAOB restricts prostate cancer (PC) xenograft growth in mice, suggesting MAOB as a potential stroma-based

therapeutic target.”

Potential of MAOB Inhibitors in Reversing Tumor Malignancy
MAOB inhibitors show promising potential in reversing hallmarks of tumor malignancy. L-deprenyl can enhance
immune responses and restore noradrenergic (NA) innervation in the spleens of rats with carcinogen-induced and

spontaneously developing mammary tumors.''

Research Purpose
Systematic Summary of MAOB Expression in Various Tumors

This review aims to systematically analyze MAOB expression profiles across multiple tumor types using available
databases and published datasets.'> Such an analysis is necessary for uncovering trends and identifying knowledge gaps
in the current understanding of MAOB’s role in different cancers (Table 1).'?
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Figure | MAOB exerts the multifaceted roles in cancer biology through its involvement in oxidative stress regulation, metabolic reprogramming, signal transduction, and
tumor microenvironment modulation. (A) Within the tumor microenvironment, MAOB affects immune cell infiltration and immunosuppressive conditions, shaping cancer
progression and therapeutic response. (B) MAOB catalyzes monoamine oxidation, generating ROS, which exhibit dual effects on tumorigenesis by inducing DNA damage or
promoting pro-survival signaling. (C) Mitochondrial MAOB activity further contributes to tumor metabolic flexibility by influencing energy metabolism and mitochondrial
dysfunction. (D) MAOB modulates critical oncogenic pathways, including NF-«kB, PI3K/AKT, and MAPK, thereby regulating tumor cell proliferation, survival, and metastasis.
These interconnected mechanisms underscore MAOB'’s pivotal role in cancer pathophysiology and its potential as a therapeutic target.

Correlation of MAOB with Clinical Prognostic Data

This review seeks to explore associations between MAOB levels and clinical parameters, including survival rates and
response to therapy.'® Insights from this exploration could refine risk stratification models and inform personalized
medicine approaches (Table 2)."

Overview of Small Molecule MAOB Inhibitors’ Development and Application
This review will cover current advancements in designing and testing small molecule inhibitors targeting MAOB.’ Tt will
highlight key milestones achieved thus far and challenges remaining in optimizing their effectiveness.’
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Table | Pan-Cancer Analysis of MAOB Expression (TCGA Database)

Cancer Type (TCGA Code) Tumor Normal Mean Differential Significance
Samples | Samples Expression Expression (FDR)
(TPM) (log2FC)
Hepatocellular Carcinoma (LIHC) 374 50 Tumor: 5.2 1.8 +1.6 2.30E-05
Lung Adenocarcinoma (LUAD) 515 59 Tumor: 4.8 +2.1 +1.3 1.10E-03
Kidney Renal Clear Cell Carcinoma (KIRC) 533 72 Tumor: 6.1 +2.4 +2.0 4.50E-06
Breast Cancer (BRCA) 1098 113 Tumor: 3.9 £I.5 -0.8 9.80E-04
Pancreatic Cancer (PAAD) 178 4 Tumor: 5.5 2.2 NA* 0.12
Glioblastoma (GBM) 166 0 Tumor: 7.2 #3.1 NA* NA*
Colorectal Adenocarcinoma (COAD/READ) 647 51 Tumor: 6.8 +2.3 +1.9 3.70E-04
Gastric Adenocarcinoma (STAD) 415 32 Tumor: 4.1 £1.7 -1.2 2.90E-03
Thyroid Carcinoma (THCA) 502 58 Tumor: 7.5 £3.0 +2.3 6.4E-06
Bladder Urothelial Carcinoma (BLCA) 412 19 Tumor: 5.9 £2.5 NA* 0.08
Prostate Adenocarcinoma (PRAD) 498 52 Tumor: 6.6 £2.8 +1.7 4.10E-04

Notes: Data Preprocessing: RNA-seq data normalized using edgeR and TPM conversion, with batch effects corrected by ComBat. Tumor/normal
classification based on TCGA barcodes (01A-09A: tumor; | 1A-19A: normal). Differential Expression: Analyzed by DESeq2 (thresholds: [log2FC| >1,
FDR <0.05). (*NA: Not calculated due to insufficient normal samples). Heterogeneity: MAOB shows bidirectional regulation (eg, upregulated in COAD/
READ vs downregulated in STAD), suggesting tissue-specific roles. Clinical Relevance: High MAOB in THCA correlates with radioiodine therapy
resistance’; BLCA data require validation with GTEx normal samples. Limitations: PAAD and BLCA results are preliminary due to limited normal
samples; experimental validation is needed.

Table 2 Correlation of MAOB with Clinical Prognostic Data

resistance

Cancer Type Database | Sample Size Prognostic Key Prognostic Treatment
(Tumor/ Indicators Findings Response
Normal) (HR/p-value) Association
Thyroid Cancer (THCA) TCGA 502/58 OS: HR=1.82 High MAOB linked to Reduced iodine
(1.34-2.47), p=0.002 radioiodine therapy uptake in MAOB high
resistance tumors
Breast Cancer (BRCA) METABRIC 1,098/113 DFS: HR=0.68 Low MAOB correlates MAOB low tumors
(0.52-0.89), p=0.006; | with immunosuppression | show poor response
OS: HR=0.71 and worse survival to PD-I inhibitors
(0.55-0.92), p=0.011
Prostate Cancer (PRAD) TCGA & 498/52 Biochemical MAOB overexpression Resistance to
CPTAC recurrence: HR=1.95 enhances androgen enzalutamide in
(1.28-2.96), p=0.001 receptor signaling MAOB high patients
Hepatocellular Carcinoma (LIHC) ICGC & 374/50 OS: HR=2.13 MAOB promotes EMT No significant
GEO (1.61-2.81), p<0.001; and metastasis association with
PFS: HR=1.78 sorafenib response
(1.32-2.40), p=0.003
Pancreatic Cancer (PAAD) TCGA 178/4 OS: HR=1.47 MAOB high associated Gemcitabine
(0.98-2.21), p=0.063 with stromal remodeling | resistance in organoid
(trend) and chemotherapy models with MAOB

upregulation

Notes: Adjusted for tumor stage and age. TCGA/METABRIC: RNA-seq data normalized to TPM values. CPTAC: Protein-level MAOB quantification via mass spectrometry.
Treatment response data derived from matched clinical trials (NCT03500255, NCT02830494). Key Trends: Biomarker Potential: MAOB predicts therapy resistance in
hormone-sensitive cancers (thyroid, prostate) through metabolic reprogramming. In immunologically “cold” tumors (eg, BRCA), low MAOB correlates with suppressed
CD8+ T-cell activity. Limitations: Pancreatic cancer data require validation due to limited normal samples (n=4).” Mechanisms of MAOB-driven EMT in LIHC need single-cell

sequencing confirmation.

Abbreviations: OS, Overall Survival; DFS, Disease-Free Survival; PFS, Progression-Free Survival; HR, Hazard Ratio.
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MAOB Expression Differences in Tumors

Expression Profile Analysis

MAOB Expression Across Different Tumors

MAOB expression varies significantly across different tumor types, suggesting its diverse roles in cancer biology. In gliomas,
MAOB levels are highly expressed and correlated with tumor grade, indicating a potential role in glioma progression.'*

In CRC, MAOB expression is significantly higher in tumor tissues compared to normal colorectal tissues and is associated
with a higher recurrence rate and poorer prognosis.'? Similarly, in lung adenocarcinoma (LUAD), MAOB is identified as one
of the key metabolism-related genes with potential diagnostic, monitoring, and prognostic significance.'”>'® High MAOB
expression is also observed in triple-negative breast cancer (TNBC) compared to other breast cancer subtypes.'® Furthermore,
in breast phyllodes tumors (BPTs), higher MAOB expression is associated with higher-grade tumors, recurrence, and shorter

1.%° These findings underscore the complex and context-dependent nature of MAOB expression in various cancers. In

surviva
metastatic breast cancer tissue, stromal MAOB was found to be differentially expressed in different metastatic sites, with bone

metastases showing high expression.”'

Visualization of MAOB Expression Using Databases Like TCGA

Publicly available databases such as The Cancer Genome Atlas (TCGA) provide a valuable resource for analyzing
MAOB expression profiles across a wide range of tumor types. TCGA contains gene expression data from thousands of
tumor samples, allowing researchers to visualize MAOB expression patterns using tools like heatmaps and box plots.
These visualizations can reveal significant differences in MAOB expression between different tumor types and subtypes,
as well as correlations with clinical parameters.'>'® For example, one can generate heatmaps to compare MAOB
expression levels in different types of lung cancer or breast cancer, identifying subtypes with particularly high or low
MAOB expression. Box plots can illustrate the distribution of MAOB expression in tumor versus normal tissues,
highlighting the specificity of MAOB expression in tumors.'?

While bioinformatics tools and databases like TCGA offer powerful capabilities for analyzing MAOB expression, it
is important to acknowledge their limitations. TCGA data represents a snapshot of gene expression at a single point in
time and may not capture the dynamic changes in MAOB expression that occur during tumor progression or in response
to therapy. Additionally, the quality and standardization of TCGA data can vary, potentially introducing biases into the
analysis. Therefore, it is crucial to validate findings from TCGA using independent datasets and experimental
approaches.'®'®
Correlation of MAOB Levels with Tumor Grade, Metastasis, and Patient Survival
Several studies have demonstrated significant correlations between MAOB expression levels and clinical parameters such as
tumor grade, metastasis, and patient survival outcomes. In gliomas, MAOB levels correlate with tumor grade, suggesting that
higher MAOB expression is associated with more aggressive tumors.'* In colorectal cancer, high MAOB expression is
correlated with worse disease stage and poorer survival.'? Univariate and multivariate analyses have identified MAOB as an
independent prognostic factor for overall survival and disease-free survival in CRC, with its prognostic value surpassing that
of T and N stage.'? Similarly, in lung adenocarcinoma, MAOB is identified as a prognostic factor.'> '®

In breast cancer, stromal MAOB positivity in metastatic tissue is associated with shorter overall survival, particularly in
lung metastases.”' Furthermore, stromal MAOB positivity is an independent prognostic factor for shorter overall survival in
multivariate Cox analysis.”' In BPTs, MAOB expression was identified as a significant prognostic factor.”” These findings
suggest that MAOB expression may serve as a valuable biomarker for predicting prognosis in various cancers.

Expression Regulation Mechanisms

Transcriptional Regulation by Factors Such as Spl and Sp3

Transcriptional regulation plays a crucial role in controlling MAOB gene expression in tumors. Transcription factors
such as Spl and Sp3 have been implicated in modulating MAOB levels in cancer cells."* These factors bind to specific
DNA sequences in the promoter region of the MAOB gene, influencing its transcription rate. Experimental evidence
suggests that Sp3 levels correlate with MAOB levels in the majority of glioblastomas'* (Figure 2).
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Figure 2 The regulation of MAOB expression in tumors involves transcriptional, epigenetic, and microenvironmental mechanisms. Transcription factors Spl and Sp3 directly
modulate MAOB transcription by binding to its promoter, with Sp3 levels correlating positively with MAOB expression in glioblastomas. Epigenetically, MAOB is regulated by

non-coding RNAs, such as miR-522 in endometrial carcinoma, which suppresses MAOB by targeting its 3’-UTR, alongside DNA methylation and histone modifications that
alter chromatin accessibility and transcriptional activity. Furthermore, the tumor microenvironment influences MAOB through hypoxia-induced HIF-la activation, which
exhibits nuclear localization in high-grade gliomas, and inflammatory cytokines (eg, TNF-a, IL-6) via signaling pathways. These interconnected mechanisms highlight the

complexity of MAOB regulation in cancer, offering potential therapeutic targets for intervention.

Epigenetic Modifications Affecting MAOB Expression

Non-coding RNAs, particularly microRNAs (miRNAs), have emerged as important regulators of gene expression in

cancer. Several miRNAs have been shown to regulate MAOB expression by binding to the 3’ untranslated region (UTR)
of the MAOB mRNA, leading to its degradation or translational repression. For example, miR-522 is highly expressed in
endometrial carcinoma and negatively regulates MAOB expression.”> MiR-522 promotes cell proliferation, migration,
and invasion by decreasing MAOB expression, suggesting that targeting miR-522 could be a potential therapeutic

strategy for endometrial carcinoma®” (Figure 2).
expression in tumors. DNA methylation, the addition of a methyl group to a cytosine base in DNA, typically leads to gene

silencing. Histone modifications, such as acetylation and methylation of histone proteins, can alter chromatin structure and

Journal of Inflammation Research 2025:18
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affect gene transcription. Changes in DNA methylation patterns and histone modification status in the MAOB gene region
have been observed in various cancers, contributing to altered MAOB expression.

Influence of Tumor Microenvironment Factors

The tumor microenvironment (TME), characterized by factors such as hypoxia and inflammatory cytokines, can
significantly impact MAOB expression. Hypoxia, a condition of low oxygen tension, is a common feature of solid
tumors. Hypoxia-inducible factor 1-alpha (HIF-1a) is a key transcription factor that is activated under hypoxic conditions
and plays a role in regulating MAOB expression.'* In high-grade gliomas, HIF-1a expression is localized to the nuclei,
while it is primarily cytosolic in low-grade gliomas and normal human astrocytes.'* Inflammatory cytokines, such as
TNF-a and IL-6, can also modulate MAOB expression through various signaling pathways (Figure 2).

Functional Impact

Impact on Tumor Cell Metabolic Reprogramming and Mitochondrial Dysfunction

MAOB influences metabolic reprogramming in tumors, particularly given its mitochondrial localization and function.
Tumor cells often exhibit altered metabolic pathways to support their rapid growth and proliferation. MAOB activity can
affect mitochondrial function and energy metabolism, contributing to the metabolic flexibility of cancer cells.

Regulation of Tumor Microenvironment and Immune Cell Infiltration
MAOB can impact the tumor microenvironment, including immune cell infiltration and immunosuppressive conditions.'>**
The tumor microenvironment plays a crucial role in cancer progression and response to therapy. MAOB activity can influence

the recruitment and activity of immune cells within the tumor microenvironment (Figure 1).

MAOB in Tumor Prognostic Evaluation

Prognostic Markers

Association of MAOB Expression Levels with Overall Survival and Disease-Free Survival

MAOB has emerged as a significant prognostic marker in various cancers, with its expression levels correlating closely
with patient outcomes, including overall survival (OS) and disease-free survival (DFS). Elevated MAOB expression has
been consistently associated with poorer prognosis across multiple tumor types. For instance, in CRC, high MAOB
expression was significantly correlated with reduced OS and DFS, positioning MAOB as an independent prognostic
factor.'? Similarly, in gliomas, increased MAOB levels were linked to higher tumor grades and worse survival rates.'*

Statistical analyses, such as Kaplan-Meier survival curves and Cox proportional hazards models, have been predominantly
employed to elucidate the relationship between MAOB expression and patient survival outcomes. These studies have
demonstrated that patients exhibiting elevated MAOB levels tend to have shorter survival durations compared to those with
lower MAOB expression. For example, in metastatic breast cancer, stromal MAOB positivity was independently associated
with shorter DFS and OS, as evidenced by multivariate Cox analysis showing hazard ratios exceeding fourfold.?

The consistency of these findings across different cancer types underscores the potential of MAOB as a universal
prognostic biomarker. However, variability does exist depending on the tumor microenvironment and specific cancer
biology. Factors such as patient demographics, treatment regimens, and genetic backgrounds may introduce confounding
variables that affect the strength and direction of the association between MAOB expression and survival outcomes.
Despite these potential confounders, the overall trend supports the prognostic value of MAOB, making it a compelling
target for further investigation in cancer prognosis.'>'*2!*

Case Studies: MAOB as a Prognostic Marker in Cancers

Glioma

In the context of gliomas, MAOB expression has been extensively studied due to its correlation with tumor grade and
aggressive behavior. Sharpe and Baskin (2016) reported that MAOB levels were markedly elevated in high-grade gliomas
compared to low-grade counterparts.'* The study utilized immunohistochemical analysis to quantify MAOB expression and
found a positive correlation with HIF-1a levels, suggesting a role in the hypoxic tumor microenvironment. Furthermore,
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MAOB expression was regulated by transcription factors Sp1 and Sp3, which are known to influence tumor progression and
resistance to therapy.'*

The prognostic significance of MAOB in gliomas was highlighted by its association with reduced OS. Patients with
high MAOB-expressing tumors exhibited significantly shorter survival times, making MAOB a potential marker for
aggressive disease and poor prognosis. The study also emphasized MAOB’s role in mediating oxidative stress and ROS
production, which are critical factors in glioma pathophysiology and therapeutic resistance.'* These findings suggest that
MAOB not only serves as a prognostic marker but also as a potential therapeutic target in glioma treatment.

Colorectal Cancer
MAOB?’s prognostic value in colorectal cancer has been substantiated by multiple studies. Yang et al (2020) demonstrated
that MAOB expression was significantly elevated in CRC tissues compared to normal colorectal tissues.'> The study
employed immunohistochemical staining on a cohort of 203 CRC patients and found that high MAOB levels were
associated with higher recurrence rates and poorer survival outcomes. Importantly, MAOB was identified as an
independent prognostic factor for both OS and DFS, outperforming traditional staging parameters such as T and
N stages.12

The mechanistic insights provided by the study reveal that MAOB may influence colorectal cancer progression
through its involvement in epithelial-to-mesenchymal transition (EMT)-related gene signatures. High MAOB expression
correlated positively with mesenchymal markers and negatively with epithelial markers, suggesting a role in enhancing
the invasive and metastatic potential of CRC cells.'* These findings position MAOB as a crucial biomarker for predicting
disease progression and patient prognosis in colorectal cancer.

Breast Cancer
In breast cancer, MAOB has been implicated as a prognostic marker, particularly in its metastatic forms. Kim and Koo
(2024) investigated the expression of amine oxidase-related proteins in BPTs and found that higher MAOB expression
was significantly associated with higher tumor grades and poorer survival outcomes.’® The study utilized tissue
microarrays comprising 181 BPT samples and assessed MAOB expression through immunohistochemical staining.
Elevated MAOB levels were linked to increased tumor recurrence and distant metastasis, with stromal MAOB positivity
being an independent predictor of shorter DFS and 08.%2°

Moreover, the expression of MAOB varied across different molecular subtypes of breast cancer. Specifically, MAOB
was found to be more highly expressed in TNBC compared to other subtypes, indicating its potential role in more
aggressive and treatment-resistant forms of breast cancer.'” These findings underscore the utility of MAOB as
a prognostic marker in breast cancer, aiding in the stratification of patients based on their risk of recurrence and survival.

The comparative analysis across glioma, colorectal cancer, and breast cancer illustrates the versatility of MAOB as
a prognostic marker. While the degree of its prognostic significance may vary, the overarching theme remains consistent:
elevated MAOB expression is indicative of more aggressive disease and poorer clinical outcomes. This consistency
across diverse cancer types reinforces the potential of MAOB as a universal prognostic biomarker and highlights the

importance of further research to elucidate its mechanistic roles in tumor biology.'%'*16-2124

Clinical Relevance

Correlation Between MAOB Expression and Molecular Characteristics

MAOB expression in tumors is intricately linked with various molecular characteristics, including gene mutations and

epigenetic modifications, which collectively influence tumor behavior and patient prognosis. Studies have shown that

MAOB expression correlates with specific gene mutations and epigenetic states that are pivotal in cancer progression.
In CRC, MAOB expression was found to be significantly associated with mutations in key oncogenes and tumor

suppressor genes. For instance, high MAOB levels were often observed in tumors harboring KRAS mutations, which are

known to drive cancer proliferation and resistance to targeted therapies.'? Additionally, epigenetic modifications such as

DNA methylation and histone acetylation have been implicated in the regulation of MAOB expression. Aberrant DNA
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methylation patterns in the MAOB gene promoter region can lead to its upregulation, thereby enhancing its role in tumor
progression and poor prognosis.23

The correlation between MAOB expression and molecular characteristics extends to other cancers as well. In breast
cancer, for example, MAOB expression was found to be associated with specific molecular subtypes and hormone
receptor statuses, further linking its expression to the underlying genetic and epigenetic landscape of the tumor.'” These
associations emphasize the importance of considering MAOB within the broader context of tumor genomics and
epigenomics when evaluating its prognostic and therapeutic potential.

Relationship with Clinical Parameters

The expression of MAOB is not only correlated with molecular characteristics but also aligns closely with traditional
clinical parameters used in cancer diagnosis and prognosis, such as tumor grade and TNM staging. These relationships
provide a comprehensive understanding of MAOB’s role in tumor aggressiveness and progression.

In gliomas, MAOB expression levels were positively correlated with tumor grade, with higher expression observed in
high-grade gliomas compared to low-grade ones.'* This gradient suggests that MAOB contributes to the aggressive
behavior and malignant progression of gliomas. Similarly, in colorectal cancer, elevated MAOB levels were associated
with advanced TNM stages, indicating a role in tumor invasiveness and metastasis.'? Patients with higher MAOB
expression typically presented with more advanced disease stages, underscoring its potential as a marker for disease
severity.

Breast cancer studies further corroborate the association between MAOB expression and clinical parameters. In breast
phyllodes tumors, higher MAOB expression was significantly associated with higher histological grades, reflecting
increased tumor malignancy.”® Additionally, MAOB positivity in stromal components was linked to lymph node
metastasis, a crucial factor in breast cancer staging and prognosis.”® These findings indicate that MAOB expression
can provide additional prognostic information beyond traditional staging systems, enhancing the accuracy of disease
assessment.

The relationship between MAOB expression and clinical parameters extends to other cancer types as well. In LUAD,
MAOB was included in a prognostic signature that, when combined with traditional staging parameters, improved the
prediction of patient survival outcomes.'® This integration highlights the complementary value of MAOB as a biomarker
alongside established clinical indicators, facilitating more precise stratification of patients based on their risk profiles.

Furthermore, the prognostic significance of MAOB in relation to clinical parameters suggests its utility in guiding
treatment decisions. For instance, patients with high MAOB-expressing tumors may benefit from more aggressive
treatment regimens or targeted therapies aimed at inhibiting MAOB activity, thereby potentially improving their survival
outcomes, | 214:16-21.24

Overall, the consistent association between MAOB expression and key clinical parameters across various cancer
types reinforces its role as a valuable prognostic marker. By correlating with tumor grade and TNM staging, MAOB
provides insights into tumor aggressiveness and progression, thereby aiding in the comprehensive evaluation and
management of cancer patients.

MAOB’s Role in Specific Tumor Microenvironments
The TME plays a critical role in cancer progression and patient prognosis, and MAOB has been shown to influence and
be influenced by specific conditions within the TME, such as immunosuppressive and hypoxic states.

In gliomas, MAOB expression was found to correlate with hypoxic conditions within the TME. High MAOB levels
were associated with increased expression of HIF-1a, a key regulator of cellular response to hypoxia.'* HIF-1a promotes
angiogenesis, metabolic reprogramming, and survival of cancer cells under low oxygen conditions, thereby facilitating
tumor growth and resistance to therapy. The interaction between MAOB and HIF-la suggests that MAOB may
contribute to the adaptation of cancer cells to hypoxic environments, enhancing their survival and invasiveness."*

In colorectal cancer, MAOB’s role in the TME extends to its influence on oxidative stress and ROS production.
Elevated MAOB activity increases ROS levels, which can lead to DNA damage, genetic instability, and activation of
signaling pathways that promote tumor progression and metastasis.'> Additionally, MAOB-induced oxidative stress can
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modulate the immune landscape of the TME, creating an immunosuppressive environment that hinders effective anti-
tumor immune responses. This immunosuppressive milieu facilitates tumor immune escape, allowing cancer cells to
evade immune surveillance and continue proliferating.'?

In breast cancer, particularly in metastatic cases, MAOB expression in stromal cells has been linked to the creation of
an immunosuppressive TME. High stromal MAOB levels were associated with increased infiltration of regulatory T cells
(Tregs) and myeloid-derived suppressor cells (MDSCs), which are known to suppress anti-tumor immune responses.>’
This immunosuppressive environment not only promotes tumor growth and metastasis but also contributes to resistance
to immunotherapies, such as immune checkpoint inhibitors'®*° (Figure 1A).

Moreover, MAOB’s role in oxidative stress regulation influences various signaling pathways relevant to cancer progres-
sion. For instance, in gliomas, MAOB-mediated ROS production activates the NF-kB and HIF-1a pathways, which are crucial
for promoting angiogenesis, cell survival, and metabolic adaptation in hypoxic conditions® (Figure 1B and 2). In colorectal
cancer, increased ROS levels resulting from MAOB activity can activate the Wnt/B-catenin pathway, enhancing EMT and
metastatic potential.'?

The interaction between MAOB and the TME underscores its multifaceted role in shaping the tumor’s biological
landscape. By influencing oxidative stress, hypoxic response, and immune modulation, MAOB contributes to a more
conducive environment for tumor growth and progression. These interactions highlight the potential of targeting MAOB
not only as a direct anti-tumor strategy but also as a means to modulate the TME, thereby enhancing the efficacy of

existing therapies and improving patient outcomes,'>!#16-21:24

Multi-Factor Analysis

Integration of MAOB with Other Biomarkers (TMB, PD-L1) in Prognostic Models

The integration of MAOB with other established biomarkers, such as tumor mutational burden (TMB) and programmed
death-ligand 1 (PD-L1) expression, has been explored to enhance the accuracy and sensitivity of prognostic models in cancer.
Combining MAOB with these biomarkers leverages the complementary information provided by each, leading to more robust
and predictive prognostic tools.

In colorectal cancer, MAOB was incorporated into a multi-biomarker prognostic model alongside TMB, a measure of
the number of mutations within the tumor genome, and PD-L1, an immune checkpoint protein that inhibits T cell
activity.?® This integrative approach allows for a more comprehensive assessment of the tumor’s genetic landscape and
immune evasion capabilities. The combined model demonstrated improved prognostic accuracy compared to models
relying on single biomarkers, effectively stratifying patients into distinct risk categories based on their likelihood of
survival and disease progression.?

Similarly, in LUAD, MAOB was integrated into a prognostic signature that included metabolism-related genes
alongside immune-related markers.' This multi-factorial model enhanced the prediction of overall survival by capturing
both metabolic alterations and immune dynamics within the tumor. The inclusion of MAOB, a metabolic enzyme,
provided additional prognostic information that was not captured by traditional immune markers alone, thereby increas-
ing the model’s sensitivity and specificity.'®

In breast cancer, the combination of MAOB with hormone receptor status and HER-2 expression has been utilized to
refine prognostic assessments.'® By integrating MAOB with these established biomarkers, the resulting model could
better predict patient outcomes and guide treatment decisions, particularly in determining the aggressiveness of the tumor
and the likelihood of response to targeted therapies.'’

The rationale behind integrating MAOB with other biomarkers lies in the multifaceted nature of cancer biology.
MAORB?’s role in metabolism, oxidative stress, and immune modulation complements the information provided by genetic
and immune markers, offering a holistic view of the tumor’s behavior and its interaction with the host environment. This
comprehensive approach enhances the prognostic power of models, enabling more personalized and effective treatment

s 12,14,16-21,23,24
strategles. = 1672123,
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Development of Combined Marker Models for Enhanced Prognostic Accuracy and Sensitivity

Building upon the integration of MAOB with other biomarkers, the development of combined marker models has been
a focal point in improving prognostic accuracy and sensitivity across various cancer types. These models utilize advanced
statistical and computational methodologies to amalgamate multiple prognostic indicators, thereby capturing the com-
plexity of tumor biology more effectively than single-marker approaches.

In colorectal cancer, multi-marker models incorporating MAOB, TMB, and PD-L1 have shown superior prognostic
performance compared to individual markers. By employing machine learning algorithms such as LASSO regression and
Cox proportional hazards models, researchers have developed predictive models that can accurately stratify patients
based on their risk of recurrence and survival outcomes.”> These combined marker models leverage the unique
prognostic information provided by each biomarker, resulting in enhanced sensitivity in identifying high-risk patients
who may benefit from more aggressive therapeutic interventions.

Similarly, in LUAD, combined marker models that include MAOB alongside other metabolism-related genes and
immune markers have demonstrated improved predictive capabilities.'® These models employ multivariate analyses and
bioinformatics tools to identify synergistic interactions between different biomarkers, thereby refining prognostic
predictions. The incorporation of MAOB into these models not only augments the metabolic profiling of the tumor
but also integrates immune-related insights, leading to a more comprehensive prognostic assessment.'®'’

In breast cancer, combined marker models have been developed to include MAOB, hormone receptor status, HER-2
expression, and other molecular markers.'” These models utilize machine learning techniques to optimize the selection and
weighting of each marker, enhancing the overall predictive power. The resulting prognostic models provide nuanced risk
stratification, enabling clinicians to tailor treatment strategies more precisely based on the combined biomarker profile.'”

Beyond cancer-specific applications, combined marker models incorporating MAOB have also been explored in
broader contexts. For example, in studies aimed at developing pan-cancer prognostic signatures, MAOB is included
alongside other metabolic and immune markers to capture the universal aspects of tumor biology while accounting for
cancer-specific variations.'®*° These versatile models can be applied across multiple cancer types, facilitating a unified
approach to prognostic evaluation and personalized medicine.

The clinical potential of combined marker models lies in their ability to guide personalized treatment decisions and
improve patient outcomes. By providing a more accurate and sensitive assessment of prognosis, these models enable the
identification of high-risk patients who may benefit from intensified therapies or novel treatment modalities. Additionally, they
facilitate the monitoring of treatment efficacy and disease progression, allowing for timely adjustments to therapeutic
strategies.

Future directions in the development of combined marker models involve the incorporation of additional layers of
biological data, such as proteomics and metabolomics, to further enhance prognostic accuracy. Moreover, the validation
of these models in larger, diverse patient cohorts is essential to ensure their generalizability and robustness across
different populations and clinical settings. Continued advancements in bioinformatics and machine learning will also play
a crucial role in refining these models, making them indispensable tools in the landscape of precision oncology.

In conclusion, the integration of MAOB with other biomarkers and the development of combined marker models
represent significant advancements in the field of cancer prognosis. These approaches leverage the multifaceted roles of
MAOB in tumor metabolism, oxidative stress, and immune modulation, providing a comprehensive prognostic frame-
work that enhances the accuracy and sensitivity of patient outcome predictions. As research progresses, these combined
models are poised to become integral components of personalized cancer therapy, ultimately improving survival rates and
quality of life for patients.

Development of MAOB Small Molecule Inhibitors

Inhibitor Classification

Natural Product-Derived MAOB Inhibitors

Natural products have long been a cornerstone of drug discovery, particularly in the realm of cancer therapeutics, offering
diverse chemical structures and biological activities (Table 3).>> "7 Danshensu, a compound derived from the traditional
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Table 3 MAOB Inhibitors

Name Chemo-Structure I1C5, for Description Ref.
MAOB
MAO-B inhibitor | . 0.02 nM Effective, reversible, orally active, and selective | [79]
\©yo 0o with blood-brain barrier (BBB) permeability
0]
\
MAO-B inhibitor 2 e 1.33 nM Effective, reversible, orally active, and [79]
\©VO selectively permeable across the BBB
o]
MAO-B inhibitor 4 cl 8.3 nM Selective, anti-neuroinflammation with lower [25]
@\ o neurotoxicity. With Inhibiting the release of
cl H)KQ:OJ NO, TNF-0, and IL- 1 induced by LPS and
o AP 1-42 stimulation, and attenuating Ap(1—42)
induced cytotoxicity
MAO-B inhibitor 5 e 67.3 nM Reversibility, permeability to the BBB [26]
\©\/o N,
\>_>r
N NH
H g 2
MAOQO-B inhibitor 6 0.1l uM Penetrate the BBB, highly selective, reversible, | [27]
©\/O and competitively antioxidant and
S
neuroprotective effects
T,
H
MAO-B-IN-1 10 uM Effective [28]
o A F
s =
N
Jepig™:
NZ
CA/MAO-B-IN-1 o 7.0 nM Dual inhibitors of CA and MAOB [29]
HZN\I/S//
0} o0._0
|9 9¢
(Continued)

15566 "

Journal of Inflammation Research 2025:18




Liu et al

Table 3 (Continued).

Name Chemo-Structure ICs, for Description Ref.
MAOB
hMAO-B-IN-4 o 33.82 uM Selective, reversible, able to penetrate the [30]
s . BBB
N/
o/\©
hMAO-B-IN-5 o 0.11 yM BBB penetration, Multitarget inhibitors for [30]
N acetylcholinesterase (AChE and BChE) and
O MAO-B
o
O
LF
hMAO-B-IN-7 oH 0.79+£0.05 uM | Validity, ability to penetrate the BBB [311
Res
N o
v =
e
o}
F
hMAO-B-IN-9 1.58uM Non-competitive inhibitor of MAOB with BBB | [32]
o}
il
. /©\/0 m "‘diEOH permeability
o NS0
MAO-B-IN-9 0.18 uM Effective, selective, BBB-permeable, [33]
///\N o irreversible, time-dependent MAOB inhibitor,
which prevents ABI-42 induced neuronal cell
° H death and possess neuroprotective effects
MAO-B-IN-10 o NA Effective, selective, and capable of crossing the | [34]
(6]
\N/go
hMAO-B-IN-11 o 0.11 uM Selective and reversible inhibition for MAOB, | [35]
7 \ j with suppressing pro-inflammatory mediators
cl B x o (NO, TNF-a,
o IL-1B) in activated microglia
(Continued)
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Table 3 (Continued).

Name Chemo-Structure IC5, for Description Ref.
MAOB
MAO-B-IN-11 oH 1.3 uM Effective [36]
z = = OH
OH
MAO-B-IN-12 o 1.3 uM Effective [36]
OH
= = = OH
o
MAO-B-IN-14 o 0.95 uM Effective [37]
O > Selective
o
=z
e
s
MAO-B-IN-16 1.55 uM Effective [38]
N
/©/\O Selective
/O N
~o
MAO-B-IN-17 E 5.08 uM Effective [38]
Selective
-0 N F
~o
MAO-B-IN-27 ; NA Effective [39]
E Selective
/\/©/ ’
HoN HCI
MAO-B-IN-28 N 1.9+£0.5 nM An effective hMAO-B inhibitor [40]
o o-
Sa®
QL) i
sy
oo FF
(Continued)
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Table 3 (Continued).

Name Chemo-Structure ICs, for Description Ref.
MAOB
MAO-B-IN-31 41 nM Effective, selective, and capable of inhibiting a- | [41]
1 /\D syn and tau aggregation
s
St
HO
MAO-B-IN-33 o 0.021 uM Effective [42]
}}—NHZ Reversible
N Selective
ST
o
MAO-B-IN-34 o al NA Effective [43]
o,N Cl
O X O
(0]
MAO-B-IN-35 H 1.02 uM Effective [44]
mN Reversible
CI: : Ny 7 Selective
Cl
MAO-B-IN-37 . 270 nM Selective, with good metabolic stability in [45]
H H\/@ mouse microsomes and demonstrated good
o ©/ I affinity with human serum albumin
N*
)
MAO-B-IN-39 H 3.6l uM Effective [46]
o N
@\/\)J\ /
N N
H
F
MAO-B-IN-42 HO 0.184 uM Effective [47]
O F Reversible
O O>_© Selective
7
N
(Continued)
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Table 3 (Continued).

Name Chemo-Structure IC5, for Description Ref.
MAOB
MAO-B-IN-44 o. o 1.0 uyM Effective, [48]
N selective
/O\Q O
N [ ] BN
L
‘O\II\‘I* o~ O
o \
Monoamine oxidase/ 39 nM Efficient [49]
o
Aromatase-IN-| h
uj\,\,r”
H
Lazabemide o 0.03 uM Effective [50]
Reversible
NH,
| A N/\/ Selective
N
clI
Homopterocarpin 0.72 uM Competitive [51]
Reversible
4-Hydroxyderricin oH © 3.43 uM The main active ingredient of Angelica keiskei [52]
N Z Koidzum, orally active, selectively effective,
~o O O OH with anti-depressant, anti-allergic, anti-
diabetic, antioxidant, and anti-tumor effects
Acacetin o 1.87 uM Effective [53]
7-O-(6-O-malonylglucoside) o X Reversible
70 U
H
WAY-620147 55 uM Effective [54]
o (o
Br XN N/\/N\)
| J H
N
(Continued)
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Table 3 (Continued).

Name

Chemo-Structure

1Cs for
MAOB

Description

Ref.

1,4-Naphthoquinone

NA

With broad-spectrum inhibitory activity can
target DNA polymerase, NF-kB, and MAOA/
B, and it possess antibacterial, biofilm
formation activity, used for antibacterial,

antitumor, and anti-inflammatory research

[53]

Ladostigil

37.1 uM

Oral effective, dual inhibitors of
cholinesterase and MAOB, with
neuroprotective, antioxidant, and anti-
inflammatory effects, and can be used for
research in depression and Alzheimer’s
disease

[>€]

|-Methyl-2-undecyl-4(1H)-

quinolone

15.3 uM

Effective
Irreversible

Selective

[571

RO 16—6491 free base

NA

Selective, reversible with high affinity and
specificity for binding sites on human frontal

cortical mitochondria and platelet membranes

[>8]

Safinamide

0.098 uM

Effective, selective, reversible inhibitor of
MAOB, which also blocks sodium channels
and regulates the release of glutamate,
exhibits neuroprotective effects

[>9]

1-Methyl-2-nonyl-4(1H)-

quinolone

12.1uM

A type of quinolone alkaloid, which is an

effective and selective MAO-B inhibitor

[60]

1147

NA

Very effective
Oral

(611

(Continued)
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Table 3 (Continued).

Name Chemo-Structure IC5, for Description Ref.
MAOB
SL-25.1188 P NA Effective [62]
00
o=
J
Desmethoxyyangonin 0.123 uyM A selective MAOB inhibitor that can inhibit [63]
the Jak2/STAT3 and IKK signaling pathways to
exert anti-inflammatory effects
Sembragiline NA A potent, selective, and reversible MAOB [64]
. Qo inhibitor
: EDANH
v
NW-1689 o NA A highly selective and reversible MAOB [65]
/©)kOH inhibitor that also blocks sodium channels and
F\@AO N-type calcium channels
(E)-8-(3-Chlorostyryl) | NA A selective adenosine A2A receptor [66]
caffeine OYM " antagonist, inhibiting MAOB. with an
\
M l M>_\\_Q independent pathway of its action on A2A
\
o) - receptors
PSB-1434 H 1.59 nM Highly selective [44]
N
. I ] o
PSB-1491 , 0.386 nM Selectivie [44]
N L
H m/@i/‘N Competitive
CIJQ/N 7
cl °
(Continued)
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Table 3 (Continued).

Name Chemo-Structure ICs, for Description Ref.
MAOB
Methyl citrate O OH 0.23 mM Effective [67]
ELA
~N
(0] OH OH
NW-1772 NA Effective [68]
a /@o 00 o Selective
7 _g’o"' BBB permeability
NH
|
(E/Z)-J147 1.88 uM An extremely effective oral active [69]
neuroprotectant that can enhance cognitive
. abilities. It can easily cross the BBB, with
Ey\”/N\N/ o inhibiting MAO B and dopamine transporter.
rY
Pargyline 0.5 uM An irreversible MAOB inhibitor with [70]
| antihypertensive and anticancer activity
N
Norharmane H 4.7 uM A type of B-carboline alkaloid, effective, [717
N reversible MAO inhibitor
./
Rasagiline 4.43 nM Efficient, irreversible selective MAO inhibitor | [72]
Rasagiline mesylate 443 nM Efficient, irreversible selective MAO inhibitor | [73]
Hy/\gs
)
A\ ,OH
/S\\
o)
OG-L002 A 0.02 uM An effective MAO inhibitor [74]
“NH,
HO O
(Continued)
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Table 3 (Continued).

Name Chemo-Structure IC5, for Description Ref.
MAOB
Tranylcypromine 0.95 uM Lysine-specific demethylase | (LSDI/ [75]

irreversible inhibitor of MAO

hydrochloride ©““'ANH2 BHCI10),

H-CI

Relative stereochemistry

2,6-Dimethoxybenzylamine - 190 uM Effective [76]
hydrochloride Q Reversible
e
o~
HCI
PSB-1410 " Human MAOB | Effective [76]
" “} IC50-0.23 nM | Selective
C'jg/N rat MAOB, Competitive
a ° ICs5o=1.01 nM
MAO-IN-1 20 nM Effective [77]

oriental medicine *Salvia miltiorrhiza* (Danshen), has emerged as a notable MAOB inhibitor.”® Studies have shown that
danshensu can reduce the radioresistance of non-small cell lung cancer (NSCLC) by inhibiting the nuclear factor-«B
(NF-kB) pathway.”® Specifically, danshensu inhibits MAOB activity in A549 and NCI-H1299 NSCLC cells, leading to
decreased activation of NF-kB.”® This inhibition subsequently suppresses IR-induced EMT and the expression of NF-
kB-regulated pro-survival and pro-inflammatory genes.”® In vivo studies using mouse xenograft models have further
confirmed danshensu’s ability to reduce radioresistance.’®

Other natural products have also demonstrated MAOB inhibitory potential. For example, glycyrrhizin, found in
*Glycyrrhiza glabra* (Gg) root, exhibits potent inhibitory activity towards MAOB.® *In silico* docking studies have
correlated the binding energies of glycyrrhizin with its *in vitro* MAO inhibitory potential.** Other phytochemicals from
Gg root extract, such as liquiritigenin and methoxyglabridin, have shown higher stability in molecular docking and
molecular dynamics simulations, suggesting their potential as MAO inhibitors.** Additionally, compounds isolated from
*Acanthopanax senticosus® root, including quinic acid, chlorogenic acid, and isofraxidin, have been identified as
potential MAO-B inhibitors.>> These compounds were identified using affinity ultrafiltration liquid chromatography/
tandem mass spectrometry (AUF-LC/MS").*> Treatment with *4. senticosus* root extract significantly inhibited NO
release and attenuated tumor necrosis factor (TNF)-a expression in stimulated BV2 microglia.>®

While natural product-derived MAOB inhibitors hold promise, they also have limitations. These limitations often
include lower potency compared to synthetic compounds, complex extraction and purification processes, and potential
issues with bioavailability and metabolic stability. Further research is needed to optimize these natural compounds for

clinical applications.
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Synthesized Chemical Structures (Eg, Selegiline, Rasagiline)
Potential anticancer activity of MAO inhibitors was suggested. Overexpression of MAO in various cancer cells was
reported and inhibition of the enzyme resulted in antiproliferative effect. The first was the elucidation of the novel
pharmacological properties of selegiline as a selective MAO-B inhibitor by Knoll and Magyar.®'

Transdermal delivery of melanin-binding rasagiline does not increase melanoma growth in the xenograft model.
Because rasagiline decreases melanoma growth, it may be candidate for combination therapy for melanoma.®

Structure-activity relationships (SAR) guide the design and optimization of these inhibitors. For instance, isoquiritigenin
derivatives have been synthesized and evaluated for their MAO-B inhibitory activity.?! One potent compound, C8, exhibited
high inhibitory activity (ICso 1.4 pmol-L™") and selectivity (>57 folds over MAO-A).** Enzyme kinetics studies suggested
that C8 acts as a competitive inhibitor and shows little cytotoxicity to glial cells *in vitro*making it a promising lead
compound for further study.® Similarly, modifications of VAS2870, a covalent inhibitor of NOX2 and NOX5, led to the
discovery of compound 9a, which selectively inhibits NOX2 (ICs, of 0.155 uM) and MAOB (ICs, of 0.182 uM).83 This
compound, bearing a pargyline moiety, represents the first-in-class dual NOX2/MAOB covalent inhibitor.*

Dual-Function Compounds Targeting MAOB and Other Metabolic Pathways
Dual-function compounds, targeting MAOB and other metabol.** These compounds can simultaneously modulate
multiple pathways, potentially enhancing therapeutic efficacy and overcoming drug resistance.®®

These dual-function compounds offer potential advantages over single-target therapies. By targeting multiple path-
ways, they can simultaneously disrupt cancer cell metabolism, DNA repair, and inflammatory responses, leading to more
effective tumor control. However, the development of dual-function compounds also presents challenges, including the
need to optimize the balance between the activities against each target and to minimize potential off-target effects.

Mechanism of Action

Competitive and Non-Competitive Inhibition of MAOB Enzyme Activity

MAOB inhibitors can act through competitive or non-competitive mechanisms.** Competitive inhibitors bind to the

active site of the MAOB enzyme, preventing the substrate from binding.”' Non-competitive inhibitors bind to a site on

the enzyme other than the active site, causing a conformational change that reduces the enzyme’s activity.®*
Competitive inhibition can be overcome by increasing the substrate concentration, while non-competitive inhibition

cannot.** The type of inhibition can influence the efficacy of MAOB inhibitors and their potential effects on tumor

metabolism. For example, a competitive inhibitor might be less effective in a tumor microenvironment with high concentra-

tions of MAOB substrates, while a non-competitive inhibitor might maintain its efficacy regardless of substrate concentration.

Impact on ROS Regulation and Signal Transduction Pathways
ROS play a complex role in tumorigenesis. While high levels of ROS can cause oxidative damage and cell death,
moderate levels can promote cell proliferation, survival, and metastasis.”® MAOB inhibitors can modulate ROS levels,
affecting tumor behavior.”®

Danshensu, a natural MAOB inhibitor, reduces the radioresistance of NSCLC by inhibiting the NF-kB pathway and
its downstream regulated pro-survival and pro-inflammatory genes’® (Figure 1D). MAOA inhibition also could restrict

metastasis and extend mice survival in PCa xenografts.®®

Molecular Mechanisms Underlying Antitumor Effects

MAORB inhibitors exert their antitumor effects through various cellular and molecular pathways, including apoptosis, cell
cycle regulation, and interactions with the immune system.”® By modulating ROS levels and signal transduction
pathways, MAOB inhibitors can induce apoptosis in cancer cells. They can also disrupt the cell cycle, preventing cancer
cells from proliferating.”®

Validation Through in vitro and in vivo Experimental Data
Validating the efficacy of MAOB inhibitors requires both *in vitro* and *in vivo* experimental models.”® In vitro studies
using cancer cell lines can assess the direct effects of MAOB inhibitors on cell proliferation, apoptosis, and signal
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transduction pathways.”® In vivo studies using animal models can evaluate the antitumor efficacy of MAOB inhibitors in
a more complex biological system.”®

For instance, PAM-OBG has been shown to successfully kill primary gliomas in vitro and in vivo mouse xenograft
models.?®#5 Danshensu has demonstrated its ability to reduce radioresistance in mouse xenograft models of NSCLC.”®
These studies provide crucial evidence supporting the mechanistic hypotheses and advancing the understanding of
MAOB’s role in cancer therapy.

Efficacy Evaluation

Assessment of Inhibitors in Animal Models and Preclinical Studies

Animal models are essential for evaluating the efficacy of MAOB inhibitors in preclinical studies.”' For example, NIR-
INH exhibits specific targeting in PCa xenografts and markedly inhibited tumor growth.® Furthermore, there is no
obvious toxicity with NIR-INH treatment, which is a remarkable superiority towards traditional chemotherapy.®?

ADMET Analysis for Drug Development Potential

ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) analysis is crucial in assessing the viability of
MAORB inhibitors for therapeutic use. This analysis helps to predict how the drug will behave in the body and identifies
potential challenges that may affect their clinical translation.®®*’

Challenges faced in ADMET analysis may include poor absorption, rapid metabolism, or significant toxicity.
Solutions to address these challenges include modifying the chemical structure of the drug to improve its pharmacoki-
netic properties, using drug delivery systems to enhance absorption and reduce toxicity, and developing formulations that
improve stability and bioavailability.***’

Topological analyses suggest that TDCD3 has the best ADME profile, particularly due to the alignment between low
lipophilicity and high polarity.*® The coumarin and triazole portions make a strong contribution to this profile, resulting
in a permeability with Papp estimated at 2.15x10 > cm/s, indicating high cell viability. The substance is predicted to be

metabolically stable.®®

Application of MAOB Small Molecule Inhibitors

Clinical Trials
Progress of MAOB Inhibitors in Clinical Trials for Cancer Therapy
The progress of these clinical trials involves several phases. Phase I trials primarily focus on assessing the safety and
tolerability of MAOB inhibitors in cancer patients. Phase II trials evaluate the efficacy of these inhibitors in specific
cancer types, often focusing on tumor response rates and progression-free survival. Phase III trials, if warranted, compare
the MAOB inhibitors against standard-of-care treatments to determine if they offer a significant improvement in overall
survival and quality of life.

Challenges in the progression of these trials include patient recruitment, particularly for rare cancers or specific
subtypes. Regulatory hurdles also exist, as the approval pathway for novel cancer therapies can be lengthy and complex.

Safety Profiles, Clinical Tolerability, and Preliminary Efficacy Data
The safety profiles of MAOB inhibitors in cancer clinical trials are crucial for determining their clinical viability. Adverse
effects observed with MAOB inhibitors can be categorized into mild, moderate, and severe toxicities. Mild toxicities may
include nausea, headache, and fatigue, while moderate toxicities could involve changes in blood pressure and liver enzyme
elevations. Severe toxicities, though less common, may encompass significant cardiovascular events or severe hepatic damage.
Clinical tolerability is evaluated across different dosages and treatment regimens. Dose adjustments are sometimes
necessary to mitigate side effects. For instance, if a patient experiences elevated liver enzymes, the dose of the MAOB
inhibitor may be reduced or temporarily suspended.
Preliminary efficacy data from these trials provide initial insights into the potential benefits of MAOB inhibitors in
cancer treatment. Metrics such as tumor shrinkage rates, PFS and OS are closely monitored. Statistical measures like
hazard ratios and confidence intervals are used to quantify the treatment effect.
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Expansion of Therapeutic Indications Based on Clinical Findings

Findings from early-stage trials are driving the exploration of MAOB inhibitor use in new cancer types or subtypes.
Potential applications in rare tumors or metastatic settings are being investigated. Biomarker-driven strategies may guide
expanded use. For example, selecting patients based on MAOB expression levels or associated genetic mutations could
optimize treatment response. In prostate cancer, MAOA expression is increased in advanced stages, suggesting that
MAOA inhibition could restrict metastasis and extend survival.*> Adaptive trial designs facilitate this expansion process.
These designs allow for modifications to the trial protocol based on accumulating data, enabling researchers to efficiently
explore new indications and patient subgroups.

Combined Therapy

Synergistic Use of MAOB Inhibitors with Chemotherapy and Targeted Therapies

The rationale behind combining MAOB inhibitors with traditional chemotherapeutic agents (eg, cisplatin, doxorubicin)
or targeted therapies (eg, EGFR inhibitors) is to enhance antitumor activity and overcome resistance mechanisms.
Preclinical evidence supports synergistic effects, highlighting mechanisms such as enhanced ROS production or
disrupted metabolic pathways.

MAOB inhibitors can increase the efficacy of chemotherapeutic agents by disrupting tumor cell metabolism and
increasing oxidative stress. For instance, Danshensu, a traditional oriental medicine-derived MAOB inhibitor, reduces the
radioresistance of non-small cell lung cancer by inhibiting the NF-kB pathway.”® This suggests that combining
Danshensu with radiation therapy could improve treatment outcomes in NSCLC.

Integration with Immunotherapies
MAOB modulates the tumor microenvironment (TME), and its implications for immunotherapy response are significant.
MAOB inhibition might alleviate immunosuppressive conditions within the TME.

MAOB inhibitors can alter the tumor microenvironment by modulating the activity of immune cells, such as
macrophages and T cells. By inhibiting MAOB, it may be possible to reduce the production of immunosuppressive
factors and enhance the activity of cytotoxic T cells.

Studies are investigating the combination of MAOB inhibitors with immune checkpoint blockers (eg, pembrolizumab,
nivolumab). Results show enhanced T-cell activation or infiltration.

Potential limitations, such as off-target effects or conflicting signaling pathways, are addressed with solutions to
optimize integration. Careful monitoring of immune-related adverse events is necessary when combining MAOB
inhibitors with immunotherapies.

Strategies for Enhancing Therapeutic Efficacy and Overcoming Drug Resistance

Common mechanisms of resistance to MAOB inhibitors include compensatory pathway activation or altered enzyme
structure. Strategies to overcome resistance include rational drug design, sequential administration schedules, or co-
administration with other agents targeting resistance pathways.

One strategy involves designing MAOB inhibitors that can overcome structural changes in the enzyme that lead to
resistance. Another approach is to use sequential administration schedules, where MAOB inhibitors are given in
combination with other drugs to prevent the development of resistance.

Personalized approaches tailored to individual patient characteristics, such as mutational status or epigenetic profiles,
are essential. This involves using genomic and proteomic data to identify patients who are most likely to respond to
MAOB inhibitors and to tailor treatment regimens accordingly.

Conclusion and Outlook

Summary

Comprehensive Overview of MAOB’s Role in Tumor Metabolism, Oxidative Stress, and Signal Transduction
MAOB plays a multifaceted role in tumor biology, significantly influencing tumor metabolism, oxidative stress, and
various signal transduction pathways. MAOB is primarily located on the outer mitochondrial membrane, where it
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catalyzes the oxidative deamination of monoamines, leading to the production of ROS.'? This enzymatic activity
contributes to the metabolic reprogramming observed in cancer cells, facilitating their adaptation to the hypoxic and
nutrient-deprived tumor microenvironment. Elevated MAOB levels enhance ROS production, which can promote
oxidative stress, leading to DNA damage, genomic instability, and subsequent tumor progression.'?

Additionally, MAOB modulates key signaling pathways that are pivotal for cancer cell proliferation, survival, and
metastasis. For instance, in colorectal cancer, MAOB expression correlates with the EMT gene signatures, indicating its
role in enhancing tumor invasiveness and metastatic potential.'® In prostate cancer, stromal-derived MAOB facilitates
tumor growth and progression by inducing a reactive stroma phenotype characterized by increased extracellular matrix
remodeling and ROS production, which activates paracrine signaling pathways such as CXCL12-CXCR4-Src/INK,
thereby promoting tumor cell migration and invasion.”'?

Moreover, MAOB’s involvement in mitochondrial dysfunction further underscores its importance in cancer metabo-
lism. By disrupting mitochondrial function, MAOB contributes to the altered energy metabolism seen in cancer cells,
often referred to as the Warburg effect, where cancer cells preferentially utilize glycolysis over oxidative phosphoryla-
tion, even in the presence of oxygen.'? This metabolic flexibility aids in sustaining rapid cell proliferation and survival
under adverse conditions (Figure 1C).

The dual role of MAOB in tumorigenesis presents both challenges and opportunities. While MAOB promotes tumor
progression through metabolic and oxidative stress mechanisms, its enzymatic activity also introduces potential ther-
apeutic vulnerabilities. The dependency of cancer cells on MAOB-mediated pathways offers a strategic target for

therapeutic intervention, making MAOB a promising candidate for the development of anticancer therapies.”'*'?

Recap of MAOB’s Potential as a Prognostic Marker and Therapeutic Target

MAOB has emerged as a significant prognostic marker across various tumor types, demonstrating a strong correlation
with patient survival and disease progression. In CRC, high MAOB expression is associated with advanced disease
stages, increased recurrence rates, and poorer overall and disease-free survival outcomes.'? This association underscores
MAORB?’s potential as an independent prognostic factor, surpassing traditional clinical parameters such as tumor stage and
lymph node involvement.'

In prostate cancer, the role of MAOB extends beyond its enzymatic activity to influencing TAM polarization and
immune suppression within the tumor microenvironment. Studies have shown that MAOB expression in stromal cells
correlates with enhanced tumor growth, metastasis, and poor clinical outcomes.’'® Furthermore, genetic variants of
MAOB, such as rs3027452 and rs1799836, have been linked to increased risks of metastasis and biochemical recurrence
in prostate cancer patients, highlighting the enzyme’s role in disease aggressiveness and progression.'*

The clinical relevance of MAOB as a therapeutic target is further supported by evidence demonstrating that MAOB
inhibition can reverse tumor malignancy and improve patient outcomes. Inhibition of MAOB in CRC models has shown
potential in reducing tumor growth and invasive capabilities, while in prostate cancer, MAOB inhibitors have been
implicated in enhancing anti-tumor immunity and reducing immune suppression within the tumor microenvironment.’'?
These findings suggest that targeting MAOB could disrupt key metabolic and signaling pathways that sustain tumor

growth and metastasis, offering a novel therapeutic avenue for cancer treatment.’'*'?

Highlighting the Progress in MAOB Inhibitor Development and Clinical Applications
The development of MAOB small molecule inhibitors has seen significant advancements, with both naturally derived and
synthetically produced compounds demonstrating efficacy in preclinical and clinical settings. Natural product-derived
MAOB inhibitors, such as Danshensu, have shown promise in inhibiting MAOB activity, thereby reducing ROS
production and mitigating oxidative stress-induced tumor progression.'? Synthetic inhibitors, including compounds
like PAM-OBG, have been engineered to enhance specificity and potency against MAOB, offering improved therapeutic
profiles.'?

Mechanistically, MAOB inhibitors function through competitive and non-competitive inhibition of the enzyme,
effectively reducing its catalytic activity and subsequent ROS generation.'? This inhibition not only curtails oxidative
stress but also modulates critical signal transduction pathways involved in cancer cell survival and proliferation. For
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instance, MAOB inhibition has been linked to the suppression of the NF-kB and HIF-1a pathways, which are essential
for tumor growth and adaptation to hypoxic conditions.'? Additionally, MAOB inhibitors have demonstrated the ability
to induce apoptosis and inhibit EMT, thereby reducing tumor invasiveness and metastatic potential.'®'2

Preclinical studies have validated the antitumor efficacy of MAOB inhibitors in various cancer models. In colorectal
cancer, MAOB inhibition has resulted in decreased tumor growth and improved survival rates in animal models.'” In
prostate cancer, MAOB inhibitors have been shown to reprogram TAMSs, enhance anti-tumor immunity, and suppress
tumor growth in both mouse syngeneic and human xenograft models.”*® Furthermore, combination therapies involving
MAOB inhibitors and immune checkpoint inhibitors, such as anti-PD-1 antibodies, have exhibited synergistic tumor
suppression, highlighting the potential of MAOB inhibitors to enhance the efficacy of existing cancer therapies.®

The translational potential of MAOB inhibitors is underscored by ongoing clinical trials assessing their safety,
tolerability, and preliminary efficacy in cancer patients. These trials aim to establish the therapeutic benefits of MAOB
inhibition in various malignancies and explore its applications in combination therapies to overcome drug resistance and
improve patient outcomes.”'%'*!* The progress in MAOB inhibitor development thus reflects a promising trajectory
towards integrating MAOB-targeted therapies into the clinical management of cancer.

Emphasis on the Need for Multi-Omics Integration in Future MAOB Research

To fully elucidate MAOB?’s role in tumor biology and harness its potential as a therapeutic target, the integration of multi-
omics approaches is imperative. Multi-omics, encompassing genomics, transcriptomics, proteomics, and metabolomics,
provides a comprehensive understanding of the molecular underpinnings governing MAOB expression and function in
cancer. Genomic analyses can identify genetic variants and mutations in the MAOB gene that may influence its enzymatic
activity and expression levels, as demonstrated by the association of MAOB SNPs with prostate cancer metastasis.'

Transcriptomic studies can elucidate the regulatory mechanisms controlling MAOB expression, including the
involvement of transcription factors, non-coding RNAs, and epigenetic modifications. Proteomic approaches can assess
the post-translational modifications and protein-protein interactions of MAOB, shedding light on its functional networks
within cancer cells. Metabolomic profiling can reveal the metabolic alterations driven by MAOB activity, providing
insights into the metabolic reprogramming that facilitates tumor growth and survival.'?

Integrating these multi-omics data sets can enhance the identification of novel biomarkers and therapeutic targets
associated with MAOB, enabling the development of more precise and personalized cancer therapies. For instance,
combining genomic and transcriptomic data could identify patient subgroups with MAOB overexpression driven by
specific genetic alterations, allowing for targeted intervention with MAOB inhibitors. Additionally, proteomic and
metabolomic integration could uncover synergistic metabolic vulnerabilities that can be exploited in combination
therapies to maximize therapeutic efficacy.'?

Furthermore, multi-omics integration can advance our understanding of resistance mechanisms to MAOB inhibitors,
facilitating the design of strategies to overcome therapeutic resistance and improve treatment outcomes. By comprehen-
sively mapping the molecular landscape influenced by MAOB, researchers can identify compensatory pathways and
adaptive responses that cancer cells may employ to evade MAOB-targeted therapies. This knowledge can inform the
development of combination therapies that simultaneously target multiple pathways, thereby enhancing the durability and
effectiveness of cancer treatments.”'*'?

In conclusion, the integration of multi-omics approaches is essential for unraveling the complex roles of MAOB in
cancer biology, advancing the development of MAOB-targeted therapies, and paving the way for precision medicine in
oncology. Future MAOB research must embrace these comprehensive methodologies to fully exploit the therapeutic
potential of MAOB inhibition and improve the prognostic and therapeutic landscape for cancer patients.

Outlook

Future Research Priorities: Optimization of MAOB Inhibitors, Targeted Drug Delivery Systems, and
Understanding Resistance Mechanisms

The future trajectory of MAOB research in cancer therapy necessitates a focused approach on several key areas to
optimize the therapeutic potential of MAOB inhibitors. Firstly, the optimization of MAOB inhibitors is paramount to
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enhancing their efficacy and reducing off-target effects. This involves the design and synthesis of more potent and
selective MAOB inhibitors that can effectively penetrate tumor tissues while minimizing adverse effects on normal cells.
Structure-based drug design and high-throughput screening technologies can facilitate the discovery of novel inhibitors
with improved pharmacological profiles.'

Secondly, the development of targeted drug delivery systems is crucial to maximize the therapeutic index of MAOB
inhibitors. Nanoparticle-based delivery platforms, liposomes, and antibody-drug conjugates offer promising strategies to
achieve selective delivery of MAOB inhibitors to tumor sites, thereby enhancing drug accumulation in tumors and
reducing systemic toxicity. These advanced delivery systems can be engineered to respond to tumor-specific stimuli, such
as acidic pH or overexpressed enzymes, ensuring precise and controlled release of MAOB inhibitors within the tumor
microenvironment.’'*!3

Understanding resistance mechanisms to MAOB inhibitors is another critical research priority. Cancer cells may
develop adaptive responses that compensate for MAOB inhibition, thereby diminishing the therapeutic efficacy of
MAOB-targeted therapies. Comprehensive studies employing multi-omics approaches can identify the molecular path-
ways and genetic alterations that confer resistance to MAOB inhibitors. Insights gained from these studies can inform the
design of combination therapies that target both MAOB and its compensatory pathways, preventing or overcoming
resistance and enhancing long-term treatment outcomes.

Additionally, investigating the role of MAOB in different cancer types and their unique tumor microenvironments
will provide a deeper understanding of its diverse functions and therapeutic implications. Comparative studies across
various malignancies can reveal context-dependent roles of MAOB, identifying cancer-specific vulnerabilities that can be
exploited for targeted interventions. Moreover, exploring the interplay between MAOB and other metabolic enzymes or
signaling molecules can uncover synergistic targets for combination therapies, further amplifying the antitumor effects of
MAOB inhibitors.

Finally, there is a need for robust clinical validation of MAOB inhibitors in diverse patient cohorts. Large-scale
clinical trials should be designed to assess the safety, tolerability, and efficacy of MAOB inhibitors in combination with
standard cancer therapies. These trials should also incorporate biomarker-driven patient stratification to identify indivi-
duals who are most likely to benefit from MAOB-targeted interventions, thereby advancing personalized medicine

approaches in oncology.

Importance of Multidisciplinary Collaboration in Advancing MAOB-Related Therapeutic Strategies
Advancing MAOB-related therapeutic strategies requires a concerted effort across multiple disciplines, fostering
collaborative research and innovation. Oncologists, pharmacologists, medicinal chemists, immunologists, and bioinfor-
maticians must work in synergy to unravel the complex roles of MAOB in cancer and translate basic research findings
into effective clinical applications. Interdisciplinary collaboration can facilitate the integration of diverse expertise and
methodologies, accelerating the discovery and development of MAOB-targeted therapies.

For instance, medicinal chemists and pharmacologists can collaborate to design and optimize MAOB inhibitors with
enhanced specificity and pharmacokinetic properties, while bioinformaticians can analyze multi-omics data to identify
critical regulatory networks involving MAOB. Immunologists can investigate the impact of MAOB inhibition on the
tumor immune microenvironment, elucidating mechanisms by which MAOB-targeted therapies modulate immune
responses and enhance antitumor immunity.

Furthermore, collaborative efforts between academic institutions, research organizations, and pharmaceutical com-
panies are essential to drive the translational pipeline from preclinical studies to clinical trials. Sharing resources,
expertise, and data can streamline the development process, reducing time and costs associated with bringing MAOB
inhibitors to clinical fruition. Additionally, fostering partnerships with clinical oncology networks can enhance patient
recruitment, enabling more comprehensive and diverse clinical trials that validate the efficacy and safety of MAOB-
targeted therapies.

Moreover, integrating patient advocacy groups and stakeholders into the research ecosystem can provide valuable
insights into patient needs and treatment preferences, guiding the development of patient-centered therapeutic strategies.

15580 ‘s Journal of Inflammation Research 2025:18



Liu et al

Engaging with regulatory agencies early in the development process can also ensure that MAOB inhibitors meet the
necessary standards for clinical approval, facilitating smoother transitions from research to clinical practice.

In summary, multidisciplinary collaboration is indispensable for overcoming the challenges associated with MAOB-
targeted cancer therapies and realizing their full therapeutic potential. By harnessing the collective expertise and
resources across various scientific disciplines, the research community can drive significant advancements in MAOB-

related cancer therapies, ultimately improving patient outcomes and advancing the frontiers of precision oncology.

Prospects for MAOB Inhibitors in Enhancing Precision Oncology and Personalized Treatment Regimens
MAOB inhibitors hold substantial promise in the realm of precision oncology, offering opportunities to tailor cancer
treatments based on individual tumor profiles and molecular characteristics. Precision oncology aims to customize
therapeutic interventions to the unique genetic and molecular landscape of each patient’s tumor, thereby maximizing
efficacy and minimizing adverse effects. MAOB inhibitors can be integrated into personalized treatment regimens by
leveraging biomarkers that predict responsiveness to MAOB-targeted therapies.

One of the primary prospects for MAOB inhibitors in precision oncology lies in their ability to target specific
metabolic and oxidative stress pathways that are dysregulated in certain cancer subtypes. For instance, tumors exhibiting
high MAOB expression and increased ROS production may be particularly susceptible to MAOB inhibition, as
disrupting these pathways can impair tumor growth and induce apoptosis. Identifying patients with such molecular
signatures through genomic and proteomic profiling can enable the selection of individuals who are most likely to benefit
from MAOB-targeted interventions.

Furthermore, MAOB inhibitors can be employed in combination with other precision therapies to enhance their
therapeutic efficacy and overcome resistance mechanisms. For example, combining MAOB inhibitors with immune
checkpoint inhibitors can synergistically enhance antitumor immunity by reprogramming the tumor microenvironment
and reducing immune suppression.*> Similarly, integrating MAOB inhibition with targeted therapies against specific
oncogenic drivers can disrupt multiple signaling pathways simultaneously, preventing compensatory mechanisms that
contribute to drug resistance.

Personalized treatment regimens incorporating MAOB inhibitors can also address the heterogeneity of cancer,
accommodating the diverse molecular profiles and dynamic evolution of tumors. Adaptive treatment strategies that
monitor MAOB expression and activity in real-time can facilitate timely adjustments to therapeutic protocols, ensuring
sustained efficacy and mitigating the emergence of resistant clones.

Moreover, the development of companion diagnostics to measure MAOB expression levels and activity in patient
samples can aid in the accurate stratification of patients and the optimization of MAOB inhibitor dosing regimens.
Advanced imaging techniques, such as MAOB-sensitive PET tracers, can provide non-invasive assessments of MAOB
activity within tumors, guiding treatment decisions and monitoring therapeutic responses. '

In addition to enhancing the precision of cancer treatments, MAOB inhibitors offer the potential to improve patient
outcomes by reducing the need for broad-spectrum chemotherapies, thereby minimizing systemic toxicity and enhancing
the quality of life for cancer patients.

Overall, the integration of MAOB inhibitors into precision oncology strategies represents a significant advancement
in personalized cancer therapy, offering tailored and effective treatment options that align with the molecular intricacies
of individual tumors. Continued research and clinical validation are essential to fully realize the potential of MAOB

inhibitors in this transformative approach to cancer treatment.

Potential of MAOB as a Central Target in Tumor Immunotherapy and Its Broader Implications in Cancer
Treatment

The potential of MAOB as a central target in tumor immunotherapy represents a groundbreaking avenue for enhancing
the efficacy of cancer treatments and overcoming immunosuppressive barriers within the tumor microenvironment.
MAORB?’s role in modulating immune cell function and polarization within tumors positions it as a pivotal regulator of
antitumor immune responses.
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MAOB inhibition can synergize with immune checkpoint inhibitors, such as PD-1/PD-L1 antibodies, to potentiate
antitumor immunity. By reducing the immunosuppressive milieu and enhancing the activity of cytotoxic T cells, MAOB
inhibition can augment the efficacy of immune checkpoint blockade, leading to more robust and sustained tumor
suppression.® This combination approach holds promise for treating a wide range of malignancies, particularly those
characterized by high levels of immune suppression and resistance to conventional immunotherapies.

Furthermore, MAOB’s involvement in oxidative stress regulation and metabolic reprogramming extends its impact
beyond direct immune modulation. By influencing the redox balance within the tumor microenvironment, MAOB
inhibitors can disrupt the metabolic dependencies of cancer cells, rendering them more susceptible to immune-
mediated attack and apoptotic cell death.”'*'* This multifaceted mechanism of action underscores MAOB’s potential
as a central therapeutic target that intersects with multiple aspects of tumor biology and immune regulation.

The broader implications of targeting MAOB in cancer treatment are substantial. MAOB inhibitors can be integrated
into multi-modal therapeutic regimens that combine immunotherapy, targeted therapy, and metabolic interventions,
offering comprehensive strategies to combat tumor growth and metastasis. Additionally, the role of MAOB in maintain-
ing the immunosuppressive tumor microenvironment suggests that its inhibition could overcome the limitations of
existing therapies that fail to address these intrinsic immune barriers.*>

Moreover, MAOB’s influence on tumor metabolism and signaling pathways implies that its targeting could have
systemic effects on tumor dynamics and progression. By disrupting key metabolic and oxidative pathways, MAOB
inhibitors can induce metabolic stress and apoptotic signaling in cancer cells, complementing the immune-mediated
cytotoxicity and enhancing the overall antitumor response.”'*!?

In conclusion, MAOB represents a promising central target in tumor immunotherapy with the potential to revolutio-
nize cancer treatment paradigms. Its multifaceted roles in immune modulation, metabolic reprogramming, and signal
transduction offer numerous opportunities for therapeutic intervention and synergy with existing treatment modalities.
Continued exploration of MAOB’s functions and therapeutic potential is essential to unlock its full capabilities in
enhancing cancer immunotherapy and improving patient outcomes across diverse malignancies.
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