
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Juan Carlos Gallardo-Pérez,
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Arylacetamide deacetylase (AADAC), a microsomal serine esterase belonging to

the polygenic hydrolase family, is predominantly localized in the liver and

intestine. It plays a significant role in drug metabolism, lipid metabolism, and

the pathogenesis of various diseases. In the context of drug metabolism, AADAC

is vital for ensuring the safety of ester-based drugs. Its substrate specificity for

short-chain acyl groups, along with genetic polymorphisms among individuals

and species, influences drug-related processes. Regarding lipid metabolism, The

lipase activity of AADAC is involved in the hydrolysis of cholesterol and

triglycerides, lipid mobilization, and the assembly of lipoproteins. The

expression of AADAC is regulated by multiple factors. It is associated with

metabolic disorders; for instance, its decreased expression in the liver during

obesity may impact triglyceride metabolism, and it may also have an indirect role

in diabetes. In cardiovascular diseases, AADAC holds potential as a diagnostic

marker. Its role in cancer is heterogeneous, being downregulated in certain

cancers while upregulated in others, such as pancreatic and ovarian cancers,

where it acts to inhibit cancer progression. Within the nervous system, AADAC

may influence neurotransmitter regulation and drug metabolism. Currently,

research on AADAC agonists is limited, and the development of inhibitors

presents challenges, underscoring the necessity for further investigation in

this area.
KEYWORDS
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diabetes, cancer
1 Introduction

Arylacetamide deacetylase (AADAC), a microsomal serine esterase predominantly

located in the liver and intestine, is a member of the polygenic hydrolase family. Its primary

function involves catalyzing the hydrolysis of acetyl groups, thereby contributing to the

metabolism and detoxification of various endogenous substances, such as cholesterol esters

and triglycerides, as well as xenobiotics, including rifampicin and flutamide. In recent years,

the increasing global prevalence of metabolic diseases has highlighted the distinctive role of

AADAC in the regulation of lipid metabolism as a significant area of research interest.
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Studies suggest that AADAC is intricately associated with the

pathogenesis of metabolic disorders, including obesity, type 2

diabetes, and atherosclerosis, through its influence on fatty acid

oxidation, very low-density lipoprotein (VLDL) assembly, and

triglyceride homeostasis. For example, diminished hepatic

AADAC expression in obese individuals may exacerbate lipid

accumulation, while genetic polymorphisms of AADAC could

contribute to interindividual variability in drug metabolism and

disease phenotypes. Moreover, the expression of AADAC is

modulated by transcription factors , microRNAs, and

inflammatory cytokines, underscoring its intricate role in the

maintenance of metabolic homeostasis. Despite this, the

molecular mechanisms governing AADAC’s dual regulatory

functions—such as its ability to either suppress or promote tumor

progression—remain inadequately elucidated. Additionally, the

development of specific AADAC agonists or inhibitors is

hindered by challenges including interspecies differences and

individual genetic variability. This review systematically

consolidates recent advancements in AADAC research within the

realm of metabolic diseases, investigates its potential as a

therapeutic target, and critically examines current limitations. The

objective is to provide a theoretical foundation and translational

direction for the precise intervention of metabolic disorders.
2 Molecular structure and catalytic
mechanism of AADAC

AADAC, a 45 kDa microsomal serine esterase from the

polygenic hydrolase family, is mainly found in the liver and

intestine. Since its purification from human liver in 1991,

research has advanced (1). By 1994, its full-length cDNA was

isolated, showing an active site similar to carboxylesterases,

highlighting its unique classification (2). In 1997, Yamazaki

mapped the AADAC gene to 3q21.3–q25.2, facilitating future

functional studies (3).

As a type II membrane protein, the N-terminal transmembrane

domain of AADAC is anchored to the endoplasmic reticulum (ER)

membrane through a transmembrane helix, facilitating its

localization on the luminal side of the ER. This positioning is

critical for its involvement in lipid metabolism and drug

detoxification processes (4–6). The C-terminal catalytic domain

exhibits a canonical a/b-hydrolase fold, characterized by a core

structure comprising eight b-strands and several a-helices, which
together form a hydrophobic substrate-binding pocket. This

domain is equipped with a catalytic triad consisting of serine,

histidine, and aspartate (Ser-His-Asp), as well as an oxyanion

hole (5, 7). Research has identified two asparagine residues (N78

and N282) within the human AADAC protein sequence, both

positioned at potential glycosylation sites. The removal of

glycosylation at the N282 site results in a marked reduction in

enzymatic activity and substrate binding capacity (4). Furthermore,

owing to the structural resemblance of its active site to that of

hormone-sensitive lipase (HSL), AADAC has been recently

reclassified as a lipase (2, 8). In contrast to carboxylesterases
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(CES), AADAC demonstrates substrate specificity, with its

hydrophobic subs t ra te -b inding cav i ty pre ferent ia l ly

accommodating short-chain acyl substrates (e.g., acetyl groups)

through spatial constraints, hydrophobic gradient distribution,

and stereochemical rigidity constraints (6). Mutations in the

catalytic triad (e.g., Ser-217, His-438) or substrate-binding regions

(e.g., Phe-190) can significantly impair enzymatic activity or modify

metabolic preferences. These properties underscore the potential for

developing personalized medicine and targeted therapeutic

strategies. Schematic Diagram of AADAC Structure (Figure 1).
3 Drug metabolism: roles and
variability of AADAC

3.1 The roles of AADAC in drug metabolism

AADAC, a serine hydrolase, serves as a pivotal enzyme in drug

metabolism, activation, and detoxification, playing an essential role

in the safe administration of ester drugs (9). It exhibits high

expression levels in the liver and gastrointestinal tract, moderate

expression in the bladder, and minimal expression in lung and

kidney microsomes, with significant expression observed in certain

brain regions (10, 11). This distribution facilitates the design of

tissue-targeted prodrugs. AADAC is capable of hydrolyzing a wide

array of substrates, including rifampicin, a first-line anti-

tuberculosis drug associated with multidrug resistance (12);

phenace t in , a wi thdrawn analges i c known to cause

methemoglobinemia through AADAC-mediated hydrolysis (13,

14); ketoconazole, an antifungal agent with rare hepatotoxicity

(15); and flutamide, an anti-androgen drug linked to liver damage

(16). AADAC demonstrates a preference for small acyl groups,

particularly acetylated compounds (6), as seen in its hydrolysis of

antiplatelet drugs like vicagrel and prasugrel, as well as sedatives

such as nitrazepam (17–19). Although it shares tissue distribution

and substrate overlap with CES, AADAC is distinguished by its

superior catalytic efficiency and unique substrate preferences (20).

Its involvement in phenacetin toxicity and flutamide-induced

hepatotoxicity highlights its significance in drug safety. However,

prolonged exposure to substrates like rifampicin may lead to

resistance, complicating infectious disease management. These

insights underscore AADAC’s dual role as both a detoxifying

agent and a potential contributor to adverse effects, stressing the

importance of personalized strategies in drug development

and therapy.
3.2 The variability of AADAC

3.2.1 Interindividual and population variability of
AADAC

Enzymes demonstrate polymorphism, which is evident not only

among individuals but also across species. A study examining

AADAC in human lung tissue highlighted significant inter-

individual variability in the hydrolytic activity of AADAC with
frontiersin.org

https://doi.org/10.3389/fonc.2025.1564419
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yang et al. 10.3389/fonc.2025.1564419
respect to phenacetin (21). Polymorphic alleles of AADAC may

contribute to variations in enzyme activity and drug response (22).

The AADAC gene sequences can differ among individuals, with

some individuals carrying mutations such as point mutations,

deletions, or insertions. These genetic variations can modify the

amino acid sequence of the AADAC enzyme, thereby influencing its

three-dimensional structure and function. For example, a study

assessing a novel treatment regimen for drug-susceptible

tuberculosis patients in southern Africa found that individuals

with the AADAC rs1803155 AA variant (65.4%) exhibited a

10.4% reduction in rifapentine clearance rate (23). Furthermore,

Sileshi’s study indicated that rifampicin exposure is potentially

influenced by both genotype and gender, as well as dosage. In this

investigation, 119 adult Ethiopian patients newly diagnosed with

tuberculosis underwent a two-week regimen of rifampicin-based

anti-tuberculosis therapy. It was observed that male patients
Frontiers in Oncology 03
exhibited a higher likelihood of reduced plasma exposure to

rifampicin (24). Beyond the individual polymorphism of the

AADAC gene, the distribution of polymorphisms in the AADAC

enzyme also demonstrates variability across different ethnic and

geographical populations.

The AADAC gene and enzyme show polymorphism variations

across different ethnic and geographical populations. There are

three known alleles: AADAC*1, AADAC*2, and AADAC*3.

AADAC*1 is found in European Americans, African Americans,

Japanese, and Koreans with a frequency of 39.3% to 47.4%.

AADAC*2 is present in the same groups with a frequency of

52.6% to 63.5%, and AADAC*3 is found only in European

Americans (1.3%) and African Americans (2.0%) (25). In vitro

studies by the Shimizu group suggest that the AADAC*3/*3

genotype may lead to reduced enzymatic activity. Notably, the

AADAC*2 allele frequency in Peruvians is 99.9%, higher than in
FIGURE 1

Schematic diagram of AADAC structure. AADAC comprises two principal domains: an N-terminal transmembrane domain anchored to the
endoplasmic reticulum membrane via a hydrophobic a-helical segment, ensuring luminal orientation for lipid metabolism and xenobiotic
detoxification, and a C-terminal catalytic domain adopting a canonical a/b-hydrolase fold. The catalytic core consists of eight parallel b-strands
flanked by a-helices, forming a hydrophobic substrate-binding pocket. Embedded within this domain are the conserved catalytic triad (Ser217,
His438, Asp367) and an oxyanion hole, critical for transition-state stabilization during hydrolysis. These structural elements collectively govern
substrate specificity and catalytic activity.
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the other groups (26). Studies indicate that patients with the

rs1803155 (AADAC*2 allele) genotype have lower clearance and

higher plasma concentration of rifapentine-like rifampin (RIF),

possibly contributing to Peru’s high tuberculosis rates (23, 27).

Personalized anti-tuberculosis drug regimens are essential to

reduce treatment-related side effects, with pharmacogenomics

playing a key role in optimizing drug efficacy and safety for

individual patients.

3.2.2 Cross-species polymorphism in AADAC
The polymorphism of AADAC is evident across various species.

As previously noted, in humans, AADAC mRNA is predominantly

expressed in the liver and gastrointestinal tract, with the bladder

exhibiting lower levels of expression. Similarly, in marmosets and

cynomolgus monkeys, AADAC mRNA is also highly expressed in

the liver and gastrointestinal tract (28–30). In contrast, in rats and

mice, the highest expression of AADAC mRNA is observed in the

liver, followed by the gastrointestinal tract and kidneys (10, 28, 31).

Notably, the expression level of AADAC in rat tissues is

approximately 7-fold and 10-fold lower than that in human and

mouse tissues, respectively. During the hydrolysis of rifamycin, only

human and marmoset liver microsomes demonstrate the ability to

hydrolyze rifamycin, whereas liver microsomes from rats, mice,

dogs, and cynomolgus monkeys exhibit minimal hydrolytic activity.

Among rifamycins, only rifabutin is hydrolyzed by marmoset tissue

microsomes and recombinant AADAC. Furthermore, the activity of

all substrates in marmoset intestinal microsomes is lower than that

in liver microsomes (10). These findings underscore the significant

interspecies differences in AADAC. Consequently, when assessing

the safety and pharmacokinetics of preclinical drugs, it is imperative

to carefully select appropriate animal models.

The polymorphic characteristics of AADAC play a crucial role

in both the clinical application of pharmaceuticals and the design of

scientific research, particularly in the selection of experimental

subjects and methodologies. AADAC has been long established as

a pivotal enzyme in the hydrolysis of ketoconazole (KC). However,

research has demonstrated that AADAC produces varying

outcomes in the hydrolytic metabolism of KC. In a study by

Fukami, an adenovirus expression system was employed to

overexpress AADAC in HepaRG cells, resulting in KC-induced

cytotoxicity. In contrast, the application of the AADAC inhibitor,

diisopropyl fluorophosphate, alleviated the toxic effects of KC on

primary human hepatocytes (32). Meanwhile, research conducted

by the Nagaoka team revealed that in Aadac gene knockout mice,

the absence of Aadac exacerbated KC-induced liver injury by

inhibiting glucocorticoid synthesis and enhancing the

inflammatory response (33). The divergent findings can likely be

attributed to the differing experimental methodologies employed by

the two research groups. Fukami’s cell-based study concentrated on

the direct hydrolytic activity of AADAC on KC, wherein the

hepatotoxic metabolites produced by KC compromised cellular

integrity and function, leading to cytotoxic effects. Conversely,

Nagaoka’s in vivo study using mice presented a more complex

scenario, influenced not only by AADAC hydrolysis but also by

additional factors such as glucocorticoids.
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4 Lipid metabolism: roles of AADAC

4.1 Lipolytic activity of AADAC in lipid
metabolism

AADAC is a serine hydrolase localized on the endoplasmic

reticulum membrane and is classified within the “GDXG” lipase

family. It primarily catalyzes the hydrolysis of cholesterol esters

(CE) and triglycerides (TG) (34). Its active site exhibits homology

with that of HSL. Numerous studies have demonstrated a

significant association between the AADAC gene and lipid

metabolism (35, 36). Evidence indicates that stable transfection of

HepG2 cells, a human hepatocellular carcinoma cell line deficient in

endogenous AADAC, with AADAC results in a 2- to 3-fold increase

in endogenous TG secretion (37). In rat hepatoma McArdle RH-

7777 cells, which also lack endogenous AADAC, expression of

AADAC leads to a reduction in TG accumulation and an

enhancement in fatty acid (FA) oxidation (38). Moreover,

hepatitis C virus (HCV) infection in Huh7.5 cells results in the

downregulation of AADAC expression and defects in lipolysis (39).

Reintroduction of AADAC into these infected cells can restore

cellular TG lipolysis. AADAC is potentially involved in the

regulation of lipid metabolism by exerting its lipase activity,

thereby accelerating the hydrolysis of TG into fatty acids and

glycerol, which consequently reduces TG accumulation within the

cell. The catabolism of fatty acids (FAs) within the cell is further

facilitated by the presence of AADAC, which may activate or

enhance the pathways involved in intracellular FA oxidation,

thereby augmenting FA oxidation. This process leads to the

consumption of intracellular FAs, subsequently reducing the

substrates available for TG resynthesis and indirectly diminishing

TG accumulation. Concurrently, AADAC may modulate proteins

or signaling pathways implicated in TG assembly and secretion. It is

posited that AADAC may facilitate the assembly of VLDL, given

that VLDL serves as the primary vehicle for hepatic TG secretion.

By modulating the intracellular lipid milieu, AADAC promotes the

incorporation of TG into VLDL, thereby markedly enhancing the

secretion of endogenous TG. Furthermore, AADAC may exert an

indirect influence on lipid metabolism through the modulation of

the endoplasmic reticulum (ER) stress response (40). Under

conditions of ER homeostatic imbalance, alterations in AADAC

expression may mitigate lipotoxic stress by regulating lipolysis and

lipid droplet formation. However, in vivo evidence elucidating the

role of AADAC in lipid metabolism remains insufficient (Figure 2).
4.2 Upstream regulation of AADAC in lipid
homeostasis

The regulatory role of AADAC in lipid metabolism is not fully

understood, but it is known to be controlled by the transcription

factor Foxa1. In an experiment using a monoclonal antibody (14

mAb), Foxa1 was found to enhance AADAC expression by binding

to a specific promoter region, reducing lipid droplet accumulation

in liver cells. This involves the FcRn/PKCd/Foxa1 pathway, where
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14 mAb boosts Foxa1 activity by inhibiting PKCd phosphorylation,
thereby promoting AADAC-mediated lipolysis. Knocking down

AADAC or Foxa1 reverses the reduction in lipid droplets,

highlighting their regulatory importance. Additionally, studies by

Kersten and Richert showed increased AADAC mRNA in human

liver cells and mouse hepatocytes treated with peroxisome

proliferators (41, 42). Peroxisome proliferator-activated receptor

alpha (PPAR-a) plays a crucial role in modulating liver peroxidase

activity and the transcription of genes associated with peroxisome

proliferation, thereby influencing lipid metabolism (43, 44).

Trickett’s research indicates that the expression of Aadac in

mouse liver is subject to regulation by circadian rhythms,

potentially mediated by PPAR (8). Morikawa’s studies utilizing

luciferase and chromatin immunoprecipitation assays have

demonstrated that human AADAC expression is regulated by

PPAR-a through its interaction with the DR1 (direct repeat

sequence 1) located in the -133/-181 region of the AADAC

promoter (45). Furthermore, PPAR-a ligands have been shown to

significantly elevate AADAC mRNA and protein levels in human

hepatoma Hh-7 cells (45). Manipulating PPAR-a expression
Frontiers in Oncology 05
through knockdown or overexpression results in corresponding

decreases or increases in AADAC expression. Collectively, these

findings substantiate the conclusion that AADAC expression is

governed by the transcription factor PPAR-a.
Research has demonstrated that microRNAs (miRNAs) play a

crucial role in regulating lipid homeostasis in the liver,

encompassing processes such as fatty acid oxidation, lipid

biosynthesis, and lipid excretion (46, 47). Through computational

analysis, Sakai identified two potential miR-222-3p recognition

elements within the 3’-untranslated region (UTR) of the AADAC

gene. Subsequent luciferase assays confirmed that the miR-222-3p

recognition element functions to downregulate AADAC expression.

Overexpression of miR-222-3p resulted in decreased AADAC

activity and expression levels in HEK293 cells, as well as in

HepaSH and Huh-1 cells expressing the AADAC protein (48).

Furthermore, miR-124-3p has been identified as a regulatory

molecule with potential upstream effects on lipid metabolism (49,

50). MiR-124-3p is capable of downregulating AADAC expression

and modulating fatty acid and triglyceride homeostasis. Notably,

miR-124 also inhibits the replication of the hepatitis C virus (51).
FIGURE 2

AADAC involved in lipid metabolism in hepatocyte. AADAC is an enzyme in the endoplasmic reticulum that may contribute to lipid metabolism in
three ways: ① AADAC is capable of hydrolyzing DG, thereby mitigating the intracellular accumulation of TG; ②AADAC might aid mitochondrial b-
oxidation by enhancing TG hydrolysis; ③AADAC facilitates the assembly of VLDL and its subsequent secretion through various mechanisms. The
upstream regulatory mechanisms of AADAC: PPAR-a enhances the expression of AADAC, whereas miR-222-3P and miR-124-3P act to suppress
its expression.
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The regulatory mechanisms governing AADAC/Aadac

expression remain insufficiently elucidated. Conversely, evidence

suggests that Aadac expression in the murine liver is modulated by

adrenergic receptors (AR) (52). The AR-related signaling pathway

constitutes a significant element of the stress response system.

Activation of AR leads to the upregulation of the Aadac gene.

Notably, AR activation concurrently results in the inactivation of

the hepatic insulin/PI3K/AKT/FoxO1 signaling pathway, which is

integral to the regulation of genes implicated in triglyceride

synthesis. Furthermore, the interaction between immune cells and

hepatocytes significantly influences the regulation of AADAC.

Interleukin-10 (IL-10) exerts a negative regulatory effect on

AADAC expression (53). In wild-type (WT) mice, the expression

of Aadac in the intestine is mediated by the signal transducer and

activator of transcription 3 (STAT3), rather than by nuclear factor

kappa B (NF-kB). IL-10 may modulate Aadac expression through

its action on the STAT3 signaling pathway. It is hypothesized that

IL-10 reduces the expression and activity of AADAC by inhibiting

the transcription of the AADAC gene or by decreasing its protein

stability. This reduction may lead to lipid metabolic disorders,

potentially playing a critical role in the pathogenesis of diseases

such as non-alcoholic fatty liver disease.
5 Activators and inhibitors of AADAC

Recent studies on AADAC agonists are limited. AADAC is

regulated by transcription factors, miRNAs, and inflammatory

factors, and has been identified as a cardioprotective agent in type

2 diabetes (T2D) patients, aiding in cardiovascular health and lipid

balance (54). Developing AADAC activators could advance

treatments for cardiovascular diseases in T2D patients. No

specific AADAC inhibitor exists yet, but simvastatin and

mevastatin are known to inhibit its activity (55, 56). Vincristine

and physostigmine, as AADAC inhibitors, also inhibit the CES2

enzyme, potentially impacting AADAC research (9, 13, 57).

Epicatechin gallate and epigallocatechin gallate have shown

promising AADAC inhibition, suggesting potential for further

drug development (58). Developing AADAC inhibitors faces

several challenges: significant species differences complicate safety

and pharmacokinetic evaluations, necessitating careful animal

model selection. Variations in AADAC protein expression and

gene polymorphisms affect hydrolytic activity, making it hard to

predict individual patient responses. Additionally, limited

research on AADAC compared to other esterases hinders

inhibitor development.
6 Effect of AADAC on metabolic
diseases

6.1 AADAC in obesity

Researchers from the National University of Singapore, in

collaboration with colleagues from the United States and China,
Frontiers in Oncology 06
conducted a study utilizing metabolic disease data from the Global

Burden of Disease Report spanning the years 2000 to 2019. Their

analysis revealed that obesity exerted the most significant and

consistently increasing influence on mortality among metabolic

diseases (59). AADAC, functioning as a lipase, plays a critical role in

the lipolysis of TG, facilitates FA oxidation, and impacts the

assembly of VLDL in hepatocytes, as well as the activation and

re-esterification of TG within the cytosolic pool. The onset of

obesity is intricately linked to dysregulated fat metabolism,

characterized by diminished fat breakdown and enhanced fat

accumulation. The role of AADAC in TG metabolism may

indirectly affect the equilibrium between fat storage and

utilization in the body, thereby associating it with obesity. For

instance, alterations in AADAC activity could lead to disruptions in

TG decomposition or re-esterification processes, thereby

influencing fat metabolism and subsequently affecting the onset

and progression of obesity. Clinical data indicate that obese

individuals exhibit reduced hepatic expression of AADAC

compared to their lean counterparts (60). This observation

suggests that the expression level of AADAC plays a significant

role in lipid metabolism. The down-regulation of AADAC may

result in a decreased rate of TG lipolysis, thereby impairing the

normal process of VLDL assembly and FA b-oxidation. This
disruption can lead to lipid metabolism disorders and contribute

to obesity. It is conceivable that enhancing the expression of

AADAC could augment lipase activity, thereby ameliorating

disordered lipid metabolism in obese patients. Furthermore,

obesity is a major risk factor for the development of diabetes and

coronary heart disease.
6.2 AADAC in diabetes

Type 2 diabetes (T2D) is rapidly increasing worldwide,

becoming a major 21st-century health crisis alongside obesity

(61). There is a strong link between lipid metabolism and T2D,

with dyslipidemia common in T2D patients. Disrupted lipid

metabolism leads to excess free fatty acids (FFAs) in the blood,

impairing insulin signaling and causing insulin resistance—a key

factor in T2D development. Adipokines like adiponectin and leptin,

secreted by fat tissue, are crucial for regulating lipid metabolism and

insulin sensitivity. In T2D patients, adiponectin levels are typically

reduced, hindering insulin sensitivity and FA oxidation, and

disrupting normal lipid and glucose regulation. In the context of

insulin resistance, the physiological roles of insulin in facilitating

lipogenesis and inhibiting lipolysis are compromised.

Consequently, there is an increased release of FFAs into the

bloodstream, which further aggravates dyslipidemia. Chronic

disturbances in lipid metabolism, characterized by elevated

concentrations of FFAs and TGs in the circulation, can induce

lipotoxicity in pancreatic b-cells, thereby impairing their

functionality. This impairment leads to a reduction in insulin

secretion, which is insufficient to meet the body’s requirements

for glycemic control, thereby exacerbating hyperglycemia and

contributing to the pathogenesis of type 2 diabetes mellitus.
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6.3 AADAC in cardiovascular diseases

In fact, there is a strong association among cardiovascular

diseases, obesity, and diabetes (62). Diabetes-induced

hyperlipidemia is a key risk factor for diabetic macroangiopathy,

with metabolic syndrome elements like diabetic dyslipidemia,

hyperglycemia, and insulin resistance speeding up atherosclerosis

(63–65). Atherosclerosis is the main pathological basis of ischemic

cardio-cerebrovascular diseases such as coronary heart disease and

cerebrovascular disease, and its pathogenesis is closely related to

prognosis (66, 67). The occurrence and development of

Atherosclerosis are closely related to lipid accumulation and

inflammation (68). Research demonstrated an inverse correlation

between AADAC expression and the magnitude of atherosclerotic

plaques (69). Increased AADAC levels in vascular smooth muscle

cells (VSMCs) of T2D patients reduce lipid accumulation, cell

proliferation, migration, and possibly cell death, lowering

atherosclerosis risk and protecting against heart disease (70). The

research team led by Pang, while exploring the potential molecular

mechanisms of supraventricular tachycardia (SVT), found that the

expression of the AADAC gene was decreased in SVT samples,

showing significant potential for clinical diagnosis (71). Moreover,

research suggests the AADAC gene could be a biomarker for

ruptured intracranial aneurysms, offering a novel target and

treatment approach (72). The cardiovascular disease is one of the

leading causes of death worldwide, and its prevalence continues to

rise. As a new therapeutic target and biomarker, AADAC may play

an important role in the diagnosis and prognosis of cardiovascular

diseases by participating in lipid metabolism and affecting diabetes.
6.4 AADAC in cancer

6.4.1 AADAC in digestive system cancer
In the Global Cancer Statistics 2020, it was found that the

incidence and mortality of digestive system cancers still ranked

among the top in the world (73). Recent studies have shown that

AADAC has great potential in the treatment and prognosis of

cancer. Compared with normal tissues, the expression of AADAC is

downregulated in esophageal cancer. AADAC is not only related to

the prognosis of patients with esophageal squamous cell carcinoma

(74), but also a potential new diagnostic and prognostic biomarker

for the development of Barrett’s esophagus (BE) into esophageal

adenocarcinoma (EAC) (75). In a study by Wang investigating the

regulatory effect of circular RNA hsa_circ_0043603 on the

progression of esophageal squamous cell carcinoma (ESCC), it

was confirmed that AADAC is a target of miR - 1178 - 3p.

Hsa_circ_0043603 is a circular RNA that regulates the

overexpression of AADAC by interacting with miR - 1178 - 3p,

thereby inhibiting the growth and spread of esophageal squamous

cell carcinoma (76).

AADAC expression in gastric cancer tissues is inconsistent. The

GEPIA database indicates significantly lower AADAC expression in

cancerous tissues compared to non-cancerous ones (77). In

contrast, Abdel-Tawab’s study found AADAC upregulated in
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gastric cancer, correlating with tumor grade and stage (78). The

observed discrepancy may be attributed to variations in sample size.

In contrast to the GEPIA database, the study conducted by Abdel-

Tawab included only 40 samples, comprising 20 gastric cancer

tissue samples and 20 control samples. Furthermore, the gastric

cancer tissue samples were derived from tumors at various stages

and grades. Tumor heterogeneity could be a factor, as tumors

contain various sub-clones. Cancer cells in different areas may

exhibit diverse gene expression due to genomic instability.

Additionally, the same cancer type can show different gene

expression patterns across patients due to genetic background,

environmental factors, or epigenetics. In addition, AADAC is an

independent prognostic factor for Borrmann type III advanced

gastric cancer, with high expression linked to improved overall and

disease-free survival (79). It may serve as a new therapeutic target

and aids in guiding treatment strategies for gastric cancer (80–83).

The expression of AADAC is upregulated in pancreatic cancer,

as reported by Wu et al., who propose that AADAC may contribute

to chemotherapy resistance and possess prognostic significance

(84). A predictive model, derived from clinical and genetic data,

could facilitate the assessment and management of treatment for

patients with resectable pancreatic cancer. Ferroptosis, a recently

characterized process, involves the accumulation of iron-dependent

lipid peroxides to toxic levels, resulting in cell death (85, 86). In liver

metastases of colon cancer, elevated AADAC levels promote cellular

proliferation and inhibit lipid peroxidation by activating NRF2 and

upregulating SLC7A11 expression, thus protecting metastatic cells

from iron deficiency (87).

6.4.2 AADAC in reproductive system cancer
AADAC is implicated in the pathogenesis of reproductive

system cancers, with its expression notably upregulated in ovarian

cancer tissues. The overexpression of AADAC has been shown to

inhibit the malignant progression of ovarian cancer cells. Both

cisplatin and imatinib are known to suppress the malignant

progression of cancer cells, and the overexpression of AADAC

synergistically enhances this inhibitory effect (88). Zhao et al. have

identified AADAC as a potential N1-methyladenosine-related

biomarker for the prognosis of ovarian cancer (89). High

expression levels of AADAC are significantly and independently

associated with improved survival outcomes in ovarian cancer

patients. Furthermore, the upregulation of AADAC is positively

correlated with the infiltration of CD4+ memory T cells. The

expression profile of AADAC demonstrates a significant and

independent association with both the survival outcomes of

ovarian cancer patients and the infiltration of CD4+ memory T

cells, suggesting its potential utility in predicting prognosis and the

efficacy of immunotherapy (90, 91). These findings offer novel

insights and potential biomarkers for the treatment of

ovarian cancer.

The function of AADAC in cancer exhibits variability across

different populations: it is oncogenic in European and American

populations, whereas it functions as an anti-oncogene in Asian

populations (92). Although the role of AADAC in cancer is not yet

fully elucidated, its expression levels may serve as indicators of
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cancer prognosis. Further research is required to effectively

integrate AADAC into cancer prognostic evaluations (Table 1).
7 Effect of AADAC on neurological
diseases

AADAC is a hydrolase found in the liver, intestinal mucosa, and

brain of mammals, primarily catalyzing the deacetylation of

arylamine compounds. It may affect neurotransmitters like

dopamine and serotonin, influencing synaptic transmission and

neural signaling. Research has shown AADAC can convert N-

acetylserotonin (NAS) into serotonin, supporting its role in

neurotransmitter metabolism (93). Although the specific

mechanisms remain unexplored, AADAC is also linked to drug

metabolism(such as antiepileptic drugs and hypnotic - sedative

drugs), potentially impacting the distribution and activity of drugs

in the nervous system through deacetylation (19, 22, 57). The

metabolism of certain brain drugs relies on AADAC activity, and

gene polymorphisms can influence drug response. The role of

AADAC in lipid metabolism may impact neuronal membrane

integrity and synaptic function. Specific AADAC gene single

nucleotide polymorphisms (SNPs) are linked to disease risk, with

studies suggesting AADAC as a factor in Tourette syndrome (11,

94–96). Vadgama et al. found a paternal stop-loss variant in

AADAC in twins with Tourette syndrome, indicating that genetic

variations in AADAC may heighten susceptibility to nerve

damage (97).

Research on AADAC in neuroscience is still in its early stages,

and its mechanisms need further investigation. Future studies

should focus on AADAC’s catalytic effects on neurotransmitters

like dopamine and acetylcholine through in vitro experiments, and

assess its impact on nervous system phenotypes using animal

models with AADAC gene knockout or overexpression.
8 Discussion

AADAC, a member of the polygenic hydrolase family, is a

microsomal serine esterase predominantly located in the liver and
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intestine. It plays a pivotal role in drug and lipid metabolism, as well

as in the pathogenesis and progression of various diseases. In the

context of drug metabolism, AADAC plays a crucial role in the

metabolism, activation, and detoxification of drugs, which is highly

significant for the personalized and safe use of ester drugs. AADAC

exhibits substrate specificity, with a preference for short-chain acyl

substrates. Gene polymorphism of AADAC is prominent among

individuals and species, influencing enzyme activity, drug response,

clinical drug application, and the design of scientific research

experiments. In terms of lipid metabolism, AADAC possesses

lipase activity, catalyzing the hydrolysis of cholesterol esters and

TGs, thereby participating in lipid mobilization and affecting FA

oxidation, VLDL assembly, and the metabolic balance of TGs. Its

expression is regulated by various factors, including transcription

factors (such as Foxa1 and PPAR-a), microRNAs (such as miR-

222-3p and miR-124-3p), inflammatory factors (such as IL-10), and

adrenergic receptors.

AADAC is intricately associated with various metabolic

diseases. In individuals with obesity, hepatic expression of

AADAC is reduced, and alterations in its activity may influence

triglyceride metabolism, thereby contributing to the onset and

progression of obesity. In the context of diabetes, there is a

reciprocal interaction between lipid metabolism disorders and

T2D, with AADAC potentially playing an indirect role. In terms

of cardiovascular diseases, the expression of AADAC is negatively

correlated with the size of atherosclerotic plaques, and it has

potential value in the diagnosis of supraventricular tachycardia

and intracranial aneurysms. In oncology, the role of AADAC is

multifaceted; its expression is diminished in esophageal and certain

gastric cancers, correlating with patient prognosis, whereas it is

elevated in pancreatic and ovarian cancers. Notably, in ovarian

cancer, AADAC overexpression can inhibit malignant cell

progression and exhibit a synergistic anti-tumor effect when

combined with chemotherapeutic agents. Furthermore, the role of

AADAC in cancer exhibits variability across different populations.

Within the nervous system, AADAC is implicated in the regulation

of neurotransmitter metabolic equilibrium and the metabolism of

pharmaceuticals, thereby influencing neural signal transduction

and maintaining the integrity of neuronal cell membranes.

Additionally, single-nucleotide polymorphisms in the AADAC
TABLE 1 Expression changes and effects of AADAC in diseases.

Diseases
The Expression
Changes

Effects on Diseases
Reference

Cardiovascular Diseases

Atherosclerosis *
/ Protective factor

Misra & Fisher, 2020;
Toyohara et al., 2020 (69, 70)

Intracranial Aneurysms Up Risk factor Li et al., 2022 (72)

Cancer

Esophageal Carcinoma
Gastric Cancer

Down
Up
Down

Protective factor
Protective factor
Protective factor

X. Wang et al., 2023; Yi et al., 2023 (75, 76)
Abdel-Tawab et al., 2022 (78)
Liu et al., 2018 (83)

Pancreatic Cancer
Colorectal Cancer
Ovarian Cancer

Up
Up
Up

Protective factor
Risk factor
Protective factor

C. Wu et al., 2020 (84)
Sun et al., 2022 (87)
H. Wang et al., 2022 (88)
The table mainly summarizes the changes and effects of AADAC expression levels in different diseases.
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gene have been linked to disorders such as Tourette syndrome. At

present, there is a limited body of research concerning AADAC

agonists. AADAC is closely associated with metabolic diseases and

holds promise as both a biomarker and a potential therapeutic

target. Future studies should prioritize elucidating its tissue-specific

regulatory mechanisms across diverse metabolic contexts, while

advancing the development of selective AADAC agonists and

inhibitors to enhance its precision medicine applications in

disease diagnosis and treatment.
Author contributions

LY: Writing – original draft, Writing – review & editing. Z-ZL:

Conceptualization, Writing – original draft, Writing – review &

editing. X-HX: Conceptualization, Writing – review & editing. LR:

Conceptualization, Writing – review & editing.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This systematically

received funding from the National Natural Science Foundation

of China (82070873, 82000813, 82470910), Hunan Provincial

Health Commission's 2023 National Key Clinical Specialty Major
Frontiers in Oncology 09
Scientific Research Project (z2023051 and z2023066), Natural

Science Foundation of Hunan province(2020JJ8097, 2021JJ40496,

2020SK51814) and Major special projects of Hunan provincial

health and family planning commission (A2017011).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Probst MR, Jenö P, Meyer UA. Purification and characterization of a human liver
arylacetamide deacetylase. Biochem Biophys Res Commun. (1991) 177:453–9.
doi: 10.1016/0006-291x(91)92005-5

2. Probst MR, Beer M, Beer D, Jenö P, Meyer UA, Gasser R. Human liver arylacetamide
deacetylase. Molecular cloning of a novel esterase involved in the metabolic activation of
arylamine carcinogens with high sequence similarity to hormone-sensitive lipase. J Biol
Chem. (1994) 269:21650–6. doi: 10.1016/S0021-9258(17)31855-0

3. Yamazaki K, Kusano K, Tadano K, Tanaka I. Radiation hybrid mapping of human
arylacetamide deacetylase (AADAC) locus to chromosome 3. Genomics. (1997)
44:248–50. doi: 10.1006/geno.1997.4879

4. Muta K, Fukami T, Nakajima M, Yokoi T. N-Glycosylation during translation is
essential for human arylacetamide deacetylase enzyme activity. Biochem Pharmacol.
(2014) 87:352–9. doi: 10.1016/j.bcp.2013.10.001

5. Frick C, Atanasov AG, Arnold P, Ozols J, Odermatt A. Appropriate function of
11beta-hydroxysteroid dehydrogenase type 1 in the endoplasmic reticulum lumen is
dependent on its N-terminal region sharing similar topological determinants with 50-
kDa esterase. J Biol Chem. (2004) 279:31131–8. doi: 10.1074/jbc.M313666200

6. Fukami T, Kariya M, Kurokawa T, Iida A, Nakajima M. Comparison of substrate
specificity among human arylacetamide deacetylase and carboxylesterases. Eur J
Pharmaceutical Sci. (2015) 78:47–53. doi: 10.1016/j.ejps.2015.07.006

7. Fukami T, Yokoi T. The emerging role of human esterases. Drug Metab
Pharmacokinet. (2012) 27:466–77. doi: 10.2133/dmpk.dmpk-12-rv-042

8. Trickett JI, Patel DD, Knight BL, Saggerson ED, Gibbons GF, Pease RJ.
Characterization of the rodent genes for arylacetamide deacetylase, a putative
microsomal lipase, and evidence for transcriptional regulation. J Biol Chem. (2001)
276:39522–32. doi: 10.1074/jbc.M101764200

9. Shimizu M, Fukami T, Nakajima M, Yokoi T. Screening of specific inhibitors for
human carboxylesterases or arylacetamide deacetylase. Drug Metab Dispos. (2014)
42:1103–9. doi: 10.1124/dmd.114.056994

10. Kobayashi Y, Fukami T, Nakajima A, Watanabe A, Nakajima M, Yokoi T.
Species differences in tissue distribution and enzyme activities of arylacetamide
deacetylase in human, rat, and mouse. Drug Metab Dispos. (2012) 40:671–9.
doi: 10.1124/dmd.111.043067
11. Bertelsen B, Stefánsson H, Riff Jensen L, Melchior L, Mol Debes N, Groth C, et al.
Association of AADAC Deletion and Gilles de la Tourette Syndrome in a Large European
Cohort. Biol Psychiatry. (2016) 79:383–91. doi: 10.1016/j.biopsych.2015.08.027

12. Nakajima A, Fukami T, Kobayashi Y, Watanabe A, Nakajima M, Yokoi T.
Human arylacetamide deacetylase is responsible for deacetylation of rifamycins:
Rifampicin, rifabutin, and rifapentine. Biochem Pharmacol. (2011) 82:1747–56.
doi: 10.1016/j.bcp.2011.08.003

13. Kobayashi Y, Fukami T, Higuchi R, Nakajima M, Yokoi T. Metabolic activation
by human arylacetamide deacetylase, CYP2E1, and CYP1A2 causes phenacetin-
induced methemoglobinemia. Biochem Pharmacol. (2012) 84:1196–206. doi: 10.1016/
j.bcp.2012.08.015

14. Watanabe A, Fukami T, Takahashi S, Kobayashi Y, Nakagawa N, Nakajima M,
et al. Arylacetamide deacetylase is a determinant enzyme for the difference in hydrolase
activities of phenacetin and acetaminophen. Drug Metab Dispos. (2010) 38:1532–7.
doi: 10.1124/dmd.110.033720

15. Thole Z, Manso G, Salgueiro E, Revuelta P, Hidalgo A. Hepatotoxicity induced
by antiandrogens: a review of the literature. Urol Int. (2004) 73:289–95. doi: 10.1159/
000081585

16. Watanabe A, Fukami T, Nakajima M, Takamiya M, Aoki Y, Yokoi T. Human
arylacetamide deacetylase is a principal enzyme in flutamide hydrolysis. Drug Metab
Dispos. (2009) 37:1513–20. doi: 10.1124/dmd.109.026567

17. Jiang J, Chen X, Zhong D. Arylacetamide deacetylase is involved in vicagrel
bioactivation in humans. Front Pharmacol . (2017) 8:846. doi: 10.3389/
fphar.2017.00846

18. Kurokawa T, Fukami T, Yoshida T, Nakajima M. Arylacetamide deacetylase is
responsible for activation of prasugrel in human and dog. Drug Metab Disposition.
(2016) 44:409–16. doi: 10.1124/dmd.115.068221

19. Konishi K, Fukami T, Gotoh S, Nakajima M. Identification of enzymes
responsible for nitrazepam metabolism and toxicity in human. Biochem Pharmacol.
(2017) 140:150–60. doi: 10.1016/j.bcp.2017.06.114

20. Yoshida T, Fukami T, Kurokawa T, Gotoh S, Oda A, Nakajima M. Difference in
substrate specificity of carboxylesterase and arylacetamide deacetylase between dogs and
humans. Eur J Pharmaceutical Sci. (2018) 111:167–76. doi: 10.1016/j.ejps.2017.09.040
frontiersin.org

https://doi.org/10.1016/0006-291x(91)92005-5
https://doi.org/10.1016/S0021-9258(17)31855-0
https://doi.org/10.1006/geno.1997.4879
https://doi.org/10.1016/j.bcp.2013.10.001
https://doi.org/10.1074/jbc.M313666200
https://doi.org/10.1016/j.ejps.2015.07.006
https://doi.org/10.2133/dmpk.dmpk-12-rv-042
https://doi.org/10.1074/jbc.M101764200
https://doi.org/10.1124/dmd.114.056994
https://doi.org/10.1124/dmd.111.043067
https://doi.org/10.1016/j.biopsych.2015.08.027
https://doi.org/10.1016/j.bcp.2011.08.003
https://doi.org/10.1016/j.bcp.2012.08.015
https://doi.org/10.1016/j.bcp.2012.08.015
https://doi.org/10.1124/dmd.110.033720
https://doi.org/10.1159/000081585
https://doi.org/10.1159/000081585
https://doi.org/10.1124/dmd.109.026567
https://doi.org/10.3389/fphar.2017.00846
https://doi.org/10.3389/fphar.2017.00846
https://doi.org/10.1124/dmd.115.068221
https://doi.org/10.1016/j.bcp.2017.06.114
https://doi.org/10.1016/j.ejps.2017.09.040
https://doi.org/10.3389/fonc.2025.1564419
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yang et al. 10.3389/fonc.2025.1564419
21. Gabriele M, Puccini P, Lucchi M, Aprile V, Gervasi PG, Longo V. Arylacetamide
deacetylase enzyme: presence and interindividual variability in human lungs. Drug
Metab Dispos. (2019) 47:961–5. doi: 10.1124/dmd.119.087031

22. Hirosawa K, Fukami T, Tashiro K, Sakai Y, Kisui F, Nakano M, et al. Role of
human arylacetamide deacetylase (AADAC) on hydrolysis of eslicarbazepine acetate
and effects of AADAC genetic polymorphisms on hydrolase activity. Drug Metab
Dispos. (2021) 49:322–9. doi: 10.1124/dmd.120.000295

23. Francis J, Zvada SP, Denti P, Hatherill M, Charalambous S, Mungofa S, et al. A
population pharmacokinetic analysis shows that arylacetamide deacetylase (AADAC)
gene polymorphism and HIV infection affect the exposure of rifapentine. Antimicrob
Agents Chemother. (2019) 63:e01964–18. doi: 10.1128/AAC.01964-18

24. Sileshi T, Makonnen E, Telele NF, Barclay V, Zumla A, Aklillu E. Variability in
plasma rifampicin concentrations and role of SLCO1B1, ABCB1, AADAC2 and CES2
genotypes in Ethiopian patients with tuberculosis. Infect Dis (Lond). (2024) 56:308–19.
doi: 10.1080/23744235.2024.2309348

25. Shimizu M, Fukami T, Kobayashi Y, Takamiya M, Aoki Y, Nakajima M, et al. A
novel polymorphic allele of human arylacetamide deacetylase leads to decreased
enzyme activity. Drug Metab Dispos. (2012) 40:1183–90. doi: 10.1124/dmd.112.044883

26. Levano KS, Jaramillo-Valverde L, Tarazona DD, Sanchez C, Capristano S,
Vásquez-Loarte T, et al. Allelic and genotypic frequencies of NAT2, CYP2E1, and
AADAC genes in a cohort of Peruvian tuberculosis patients. Mol Genet Genomic Med.
(2021) 9:e1764. doi: 10.1002/mgg3.1764

27. Weiner M, Gelfond J, Johnson-Pais TL, Engle M, Johnson JL, Whitworth WC,
et al. Decreased plasma rifapentine concentrations associated with AADAC single
nucleotide polymorphism in adults with tuberculosis. J Antimicrob Chemother. (2021)
76:582–6. doi: 10.1093/jac/dkaa490

28. Honda S, Fukami T, Hirosawa K, Tsujiguchi T, Zhang Y, Nakano M, et al.
Differences in hydrolase activities in the liver and small intestine between marmosets
and humans. Drug Metab Dispos. (2021) 49:718–28. doi: 10.1124/dmd.121.000513

29. Honda S, Fukami T, Tsujiguchi T, Zhang Y, Nakano M, Nakajima M. Hydrolase
activities of cynomolgus monkey liver microsomes and recombinant CES1, CES2, and
AADAC. Eur J Pharm Sci. (2021) 161:105807. doi: 10.1016/j.ejps.2021.105807

30. Uno Y, Hosokawa M, Imai T. Isolation and characterization of arylacetamide
deacetylase in cynomolgus macaques. J Veterinary Med Sci. (2015) 77:721–4.
doi: 10.1292/jvms.14-0496

31. Kisui F, Fukami T, Nakano M, Nakajima M. Strain and sex differences in drug
hydrolase activities in rodent livers. Eur J Pharm Sci. (2020) 142:105143. doi: 10.1016/
j.ejps.2019.105143

32. Fukami T, Iida A, Konishi K, Nakajima M. Human arylacetamide deacetylase
hydrolyzes ketoconazole to trigger hepatocellular toxicity. Biochem Pharmacol. (2016)
116:153–61. doi: 10.1016/j.bcp.2016.07.007

33. Nagaoka M, Fukami T, Kisui F, Yamada T, Sakai Y, Tashiro K, et al.
Arylacetamide deacetylase knockout mice are sensitive to ketoconazole-induced
hepatotoxicity and adrenal insufficiency. Biochem Pharmacol. (2022) 195:114842.
doi: 10.1016/j.bcp.2021.114842

34. Tiwari R, Köffel R, Schneiter R. An acetylation/deacetylation cycle controls the
export of sterols and steroids from S. cerevisiae. EMBO J. (2007) 26:5109–19.
doi: 10.1038/sj.emboj.7601924

35. Tian W, Zhang B, Zhong H, Nie R, Ling Y, Zhang H, et al. Dynamic expression
and regulatory network of circular RNA for abdominal preadipocytes differentiation in
chicken (Gallus gallus). Front Cell Dev Biol. (2021) 9:761638. doi: 10.3389/
fcell.2021.761638

36. Qiu J, Ni Y-H, Chen R-H, Ji C-B, Liu F, Zhang C-M, et al. Gene expression
profiles of adipose tissue of obese rats after central administration of neuropeptide Y-
Y5 receptor antisense oligodeoxynucleotides by cDNA microarrays. Peptides. (2008)
29:2052–60. doi: 10.1016/j.peptides.2008.06.024

37. Gibbons GF, Islam K, Pease RJ. Mobilisation of triacylglycerol stores. Biochim
Biophys Acta. (2000) 1483:37–57. doi: 10.1016/s1388-1981(99)00182-1

38. Lo V, Erickson B, Thomason-Hughes M, Ko KWS, Dolinsky VW, Nelson R, et al.
Arylacetamide deacetylase attenuates fatty-acid-induced triacylglycerol accumulation in
rat hepatoma cells. J Lipid Res. (2010) 51:368–77. doi: 10.1194/jlr.M000596

39. Nourbakhsh M, Douglas DN, Pu CH, Lewis JT, Kawahara T, Lisboa LF, et al.
Arylacetamide deacetylase: a novel host factor with important roles in the lipolysis of
cellular triacylglycerol stores, VLDL assembly and HCV production. J Hepatol. (2013)
59:336–43. doi: 10.1016/j.jhep.2013.03.022

40. Luo H, Jiang M, Lian G, Liu Q, Shi M, Li TY, et al. AIDA selectively mediates
downregulation of fat synthesis enzymes by ERAD to retard intestinal fat absorption
and prevent obesity. Cell Metab. (2018) 27:843–853.e6. doi: 10.1016/j.cmet.2018.02.021

41. Richert L, Lamboley C, Viollon-Abadie C, Grass P, Hartmann N, Laurent S, et al.
Effects of clofibric acid on mRNA expression profiles in primary cultures of rat, mouse
and human hepatocytes. Toxicol Appl Pharmacol. (2003) 191:130–46. doi: 10.1016/
s0041-008x(03)00231-x

42. Kersten S, Stienstra R. The role and regulation of the peroxisome proliferator
activated receptor alpha in human liver. Biochimie. (2017) 136:75–84. doi: 10.1016/
j.biochi.2016.12.019

43. Martin G, Schoonjans K, Lefebvre AM, Staels B, Auwerx J. Coordinate regulation
of the expression of the fatty acid transport protein and acyl-CoA synthetase genes by
Frontiers in Oncology 10
PPARalpha and PPARgamma activators. J Biol Chem. (1997) 272:28210–7.
doi: 10.1074/jbc.272.45.28210

44. Nguyen P, Leray V, Diez M, Serisier S, Le Bloc’h J, Siliart B, et al. Liver lipid
metabolism. J Anim Physiol Anim Nutr (Berl). (2008) 92:272–83. doi: 10.1111/j.1439-
0396.2007.00752.x

45. Morikawa T, Fukami T, Gotoh-Saito S, Nakano M, Nakajima M. PPARa
regulates the expression of human arylacetamide deacetylase involved in drug
hydrolysis and lipid metabolism. Biochem Pharmacol. (2022) 199:115010.
doi: 10.1016/j.bcp.2022.115010

46. Singaravelu R, Quan C, Powdrill MH, Shaw TA, Srinivasan P, Lyn RK, et al.
MicroRNA-7 mediates cross-talk between metabolic signaling pathways in the liver. Sci
Rep. (2018) 8:361. doi: 10.1038/s41598-017-18529-x
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