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Cytochrome P450 2E1 should not be neglected for acetaminophen-induced liver injury in metabolic diseases

with altered insulin levels or glucose homeostasis

A c c e p t e d M a n u s c r i p t Acetaminophen (APAP), also known as paracetamol, is one of the most popular painkillers used worldwide, even though its mode of action is still not fully understood. The current maximum recommended dosage of APAP is 4000 mg/d in adults although the Food and Drug Administration (FDA) suggested a reduction of this dose to 3250 or 3000 mg/day [START_REF] Schilling | Acetaminophen: old drug, new warnings[END_REF]. This recommendation was actually driven by a concern regarding the incidence of acute liver failure (ALF) due to APAP overdose. Indeed, APAP intoxication after intentional or accidental overdoses can lead to massive hepatocellular necrosis and acute liver failure, which can be fatal if liver transplantation is not performed [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Ishitsuka | Toxicological property of acetaminophen: The dark side of a safe antipyretic/analgesic drug?[END_REF]. Different predisposing factors are known, or suspected, to enhance the risk and severity of APAP-induced hepatotoxicity such as fasting, chronic alcohol intoxication, hepatitis C virus infection, nonalcoholic fatty liver disease (NAFLD) and diabetes, as discussed below [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Myers | Impact of liver disease, alcohol abuse, and unintentional ingestions on the outcomes of acetaminophen overdose[END_REF]. At the moment, N-acetylcysteine (NAC) is the only approved drug to treat APAP-induced liver injury in patients after APAP overdose [START_REF] Ferner | Management of paracetamol poisoning[END_REF].

Although there are still some uncertainties regarding the precise mechanisms whereby APAP overdose can induce liver injury, numerous studies pointed to a major role of cytochrome P450 2E1 (CYP2E1), at least in mice [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Lee | Role of CYP2E1 in the hepatotoxicity of acetaminophen[END_REF][START_REF] Guengerich | Cytochrome P450 2E1 and its roles in disease[END_REF]. Indeed, this enzyme catalyzes the oxidation of APAP to Nacetyl-p-benzoquinone imine (NAPQI), a highly reactive metabolite inducing severe mitochondrial dysfunction at the respiratory chain level, overproduction of reactive oxygen species (ROS), c-jun N-terminal kinase (JNK) activation, mitochondrial permeability transition, ATP depletion and massive hepatocellular necrosis [START_REF] Fromenty | Alteration of mitochondrial DNA homeostasis in drug-induced liver injury[END_REF][START_REF] Ramachandran | A mitochondrial journey through acetaminophen hepatotoxicity[END_REF]. In human, CYP3A4 might be an important enzyme catalyzing NAPQI generation in addition to CYP2E1 [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Laine | Acetaminophen bioactivation by human cytochrome P450 enzymes and animal microsomes[END_REF]. Importantly, CYP2E1 is located not only in the endoplasmic reticulum (like most of the CYPs) but also in mitochondria [START_REF] Guengerich | Cytochrome P450 2E1 and its roles in disease[END_REF][START_REF] Knockaert | Mechanisms of mitochondrial targeting of cytochrome P450 2E1: physiopathological role in liver injury and obesity[END_REF]. Previous investigations from our group reported that mitochondrial CYP2E1 could play a major role in APAP-induced cytotoxicity [START_REF] Knockaert | Mitochondrial CYP2E1 is sufficient to mediate oxidative stress and cytotoxicity induced by ethanol and acetaminophen[END_REF]. APAP-induced massive liver necrosis subsequently leads to the passive release of several intracellular molecules (the so-called damage-associated molecular patterns or DAMPs) that are able to activate macrophages [START_REF] Yang | DAMPs and sterile inflammation in drug hepatotoxicity[END_REF][START_REF] Jaeschke | Mechanisms and pathophysiological significance of sterile inflammation during acetaminophen hepatotoxicity[END_REF]. Activated macrophages thus produce different cytokines and chemokines, which induce the recruitment of neutrophils, monocytes and other leukocytes [START_REF] Yang | DAMPs and sterile inflammation in drug hepatotoxicity[END_REF][START_REF] Jaeschke | Mechanisms and pathophysiological significance of sterile inflammation during acetaminophen hepatotoxicity[END_REF].

Notably, this sterile inflammation might have a dual role during APAP-induced hepatotoxicity. Indeed, while the inflammatory response cleans up necrotic cell debris and promotes tissue repair, it can also aggravate liver injury [START_REF] Jaeschke | Mechanisms and pathophysiological significance of sterile inflammation during acetaminophen hepatotoxicity[END_REF]. Finally, the ability of the damaged liver to properly regenerate also plays a major role in the outcome of APAP-induced hepatotoxicity [START_REF] Bhushan | Liver regeneration after acetaminophen hepatotoxicity: mechanisms and therapeutic opportunities[END_REF].

A c c e p t e d M a n u s c r i p t

A few clinical investigations suggested that diabetes increases the risk and severity of acute liver failure, in particular related to drugs [START_REF] El-Serag | Diabetes increases the risk of acute hepatic failure[END_REF][START_REF] Chalasani | Causes, clinical features, and outcomes from a prospective study of drug-induced liver injury in the United States[END_REF]. Because a significant proportion of acute liver failure is linked to APAP intoxication [START_REF] Ganger | Acute liver failure of indeterminate etiology: A comprehensive systematic approach by an expert committee to establish causality[END_REF][START_REF] Stravitz | Acute liver failure[END_REF], it is important to determine the mechanisms whereby diabetes might favor APAP hepatotoxicity. In this context, Wang and collaborators carried out investigations in hyperglycemic mice treated once with 400 mg/kg APAP and sacrificed 24 hours after the intoxication [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF]. Notably, hyperglycemia was induced by repeated injections of streptozotocin (STZ), a fungal antibiotic able to induce apoptosis of the pancreatic β-cells mainly by alkylating nuclear DNA [START_REF] Deeds | Single dose streptozotocin-induced diabetes: considerations for study design in islet transplantation models[END_REF][START_REF] Radenković | Experimental diabetes induced by alloxan and streptozotocin: The current state of the art[END_REF]. Hence, STZ-induced β-cell destruction and hypoinsulinemia leads to type 1 diabetes (T1D) with hyperglycemia, ketosis, polyuria and dehydration (Fig. 1A).

By performing many investigations in serum, liver tissue and isolated Kupffer cells, Wang and collaborators showed that APAP-induced hepatotoxicity was more severe in STZ-treated mice compared with control mice, as assessed by plasma transaminases (ALT and AST), histopathology and TUNEL assay [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF]. In addition, STZ-treated mice presented more hepatic infiltration of different types of macrophages and neutrophils as well as higher serum levels of the proinflammatory cytokines tumor necrosis factor-alpha (TNF-α) and interleukin 6 (IL-6) [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF].

Administration of the antioxidant NAC prior to APAP intoxication alleviated many APAP-induced alterations in Kupffer cells including overproduction of ROS, TNF-α and IL-6, high expression of the inducible form of nitric oxide synthase (iNOS) and hyperphosphorylation of signal transducer and activator of transcription 1 (STAT1) [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF], a transcription factor playing a key role in macrophage M1 (pro-inflammatory) polarization [START_REF] Wilson | SOCS proteins in macrophage polarization and function[END_REF]. Moreover, administration of the AMPactivated protein kinase (AMPK) activator AICAR prior to APAP intoxication alleviated APAPinduced liver injury with less hepatic cytolysis and TUNEL-positive hepatocytes as well as reduced macrophage and neutrophil infiltration and other pro-inflammatory markers [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF]. Of note, AMPK activators such as metformin and canagliflozin are currently used for the treatment of type 2 diabetes (T2D), in particular for their ability to improve glucose uptake and utilization in different tissues [START_REF] Steinberg | AMP-activated protein kinase: the current landscape for drug development[END_REF].

Altogether, these investigations might suggest that hyperglycemia per se exacerbates APAPinduced liver injury by favoring an intrahepatic pro-inflammatory response. However, Wang and collaborators did not investigate the role of CYP2E1 [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF], which could have played a significant role in most of their results. Indeed, numerous investigations in rats and mice showed that the β-cell poison STZ enhanced hepatic CYP2E1 protein expression and activity [START_REF] Ioannides | Streptozotocin-induced diabetes modulates the metabolic activation of chemical carcinogens[END_REF][START_REF] Wu | Combined effects of streptozotocin-induced diabetes plus 4methylpyrazole treatment on rat liver cytochrome P4502E1[END_REF][START_REF] Sakuma | Different expression of hepatic and renal cytochrome P450s between the streptozotocin-induced diabetic mouse and rat[END_REF][START_REF] Raza | Elevated mitochondrial cytochrome P450 2E1 and glutathione S-transferase A4-4 in streptozotocin-induced diabetic rats: tissue-specific variations and roles in oxidative stress[END_REF][START_REF] Sindhu | Differential regulation of hepatic cytochrome P450 monooxygenases in streptozotocin-induced diabetic rats[END_REF][START_REF] Miyamoto | Hepatic changes in adenine nucleotide levels and adenosine 3'-monophosphate forming enzyme in streptozotocin-induced diabetic mice[END_REF][START_REF] Maksymchuk | Quercetin prevents type 1 diabetic liver damage through inhibition of CYP2E1[END_REF]. In one of these studies, increased hepatic CYP2E1 protein expression in diabetic rats was observed not only in microsomes (i.e. in isolated endoplasmic reticulum) but also in mitochondria [START_REF] Raza | Elevated mitochondrial cytochrome P450 2E1 and glutathione S-transferase A4-4 in streptozotocin-induced diabetic rats: tissue-specific variations and roles in oxidative stress[END_REF]. In the T1D A c c e p t e d M a n u s c r i p t murine model set up by Wang and collaborators [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF], higher hepatic CYP2E1 activity might thus have favored APAP-induced mitochondrial dysfunction, ROS overproduction, hepatocellular necrosis and subsequent sterile inflammation. In addition, the protective effect afforded by NAC pretreatment against APAP-induced activation of Kupffer cells [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF] is possibly related to milder oxidative stress and hepatic cytolysis.

The mechanisms whereby STZ treatment can enhance hepatic CYP2E1 expression and activity are not fully understood. In rat, low insulin levels increase hepatic CYP2E1 mRNA expression possibly via transcriptional and post-transcriptional mechanisms [START_REF] Moncion | Identification of a 16-nucleotide sequence that mediates post-transcriptional regulation of rat CYP2E1 by insulin[END_REF][START_REF] Woodcroft | Insulin signaling in the transcriptional and posttranscriptional regulation of CYP2E1 expression[END_REF]. Notably, an opposite effect was observed in human hepatoma HepaRG cells [START_REF] Michaut | A cellular model to study drug-induced liver injury in nonalcoholic fatty liver disease: Application to acetaminophen[END_REF], thus suggesting that regulation of CYP2E1 mRNA levels by insulin is not conserved across species. Ketosis related to insulin deficiency seems also to play a significant role. Indeed, the ketone bodies acetone and acetoacetate were shown in rodents to enhance hepatic CYP2E1 protein expression by reducing CYP2E1 protein degradation [START_REF] Song | Induction of rat hepatic N-nitrosodimethylamine demethylase by acetone is due to protein stabilization[END_REF][START_REF] Forkert | Induction and regulation of CYP2E1 in murine liver A c c e p t e d M a n u s c r i p t after acute and chronic acetone administration[END_REF][START_REF] Abdelmegeed | Acetoacetate induces CYP2E1 protein and suppresses CYP2E1 mRNA in primary cultured rat hepatocytes[END_REF]. In addition, acetoacetate increases translation of Cyp2e1 mRNA in rat [START_REF] Abdelmegeed | Acetoacetate induces CYP2E1 protein and suppresses CYP2E1 mRNA in primary cultured rat hepatocytes[END_REF].

Finally, the effect of high glucose levels on CYP2E1 expression is still unclear. Indeed, investigations in human cells showed that high glucose levels enhanced CYP2E1 protein expression [START_REF] Swaminathan | Inhibition of CYP2E1 leads to decreased advanced glycated end product formation in high glucose treated ADH and CYP2E1 overexpressing VL-17A cells[END_REF], while others reported reduced CYP2E1 mRNA levels [START_REF] Davidson | Long-term exposure to abnormal glucose levels alters drug metabolism pathways and insulin sensitivity in primary human hepatocytes[END_REF]. Hence, hepatic CYP2E1 induction in T1D could be secondary to different metabolic and hormonal factors (Fig. 1A). However, it should be underlined that most of the aforementioned studies were carried out in vivo in rodents or in rodent hepatocytes, and thus further investigations should be done in human hepatocytes.

Importantly, the extent of hyperglycemia and ketosis after STZ treatment depends on numerous factors including species and strains, gender, diet, time of injection in the day and time period after last administration [START_REF] Deeds | Single dose streptozotocin-induced diabetes: considerations for study design in islet transplantation models[END_REF][START_REF] Phillips | Nutrition and somatomedin. XIV. Altered levels of somatomedins and somatomedin inhibitors in rats with streptozotocin-induced diabetes[END_REF][START_REF] Nagy | Effect of diabetic ketosis on jejunal glutaminase[END_REF][START_REF] Motyl | Streptozotocin, type I diabetes severity and bone[END_REF]. These variations might explain that in a few studies higher hepatic CYP2E1 expression was not detected in STZ-treated rodents and that T1D diabetes protected against APAP-induced liver injury [START_REF] Price | Increased resistance of diabetic rats to acetaminophen-induced hepatotoxicity[END_REF][START_REF] Shankar | Type 1 diabetic mice are protected from acetaminophen hepatotoxicity[END_REF]. In these studies, reduced APAP hepatotoxicity resulted from increased APAP detoxification into its nontoxic glucuronide conjugate and higher urine elimination secondary to polyuria [START_REF] Price | Increased resistance of diabetic rats to acetaminophen-induced hepatotoxicity[END_REF][START_REF] Shankar | Type 1 diabetic mice are protected from acetaminophen hepatotoxicity[END_REF]. Of note, STZ-induced T1D was shown to favor hepatotoxicity of thioacetamide [START_REF] Wang | Potentiation of thioacetamide liver injury in diabetic rats is due to induced CYP2E1[END_REF] and carbon tetrachloride [START_REF] Wu | Combined effects of streptozotocin-induced diabetes plus 4methylpyrazole treatment on rat liver cytochrome P4502E1[END_REF], two toxins also generating highly reactive and toxic metabolites via CYP2E1. The description and characterization of the chemically-induced T1D model should be carefully examined in order to better understand APAP hepatotoxicity severity.

Although Wang and collaborators performed numerous investigations in STZ-treated mice, they actually did not provide sufficient data that might support a significant role of hyperglycemia in the exacerbation of APAP-induced liver injury. For instance, the experiment in mice pretreated with A c c e p t e d M a n u s c r i p t AICAR was not fully informative because blood glucose levels were not reported [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF]. Notably, we recently found that AICAR protects against APAP-induced cytotoxicity in human HepaRG cells [START_REF] Michaut | A cellular model to study drug-induced liver injury in nonalcoholic fatty liver disease: Application to acetaminophen[END_REF], thus indicating that this AMPK activator has a protective effect which can be, at least in part, independent of its hypoglycemic effect. It would also have been interesting to determine APAPinduced hepatotoxicity in nonchemically-induced models of T1D. Importantly, STZ can be hepatotoxic in rats and mice, and thus STZ toxicity is not fully specific to the pancreatic β-cells [START_REF] Radenković | Experimental diabetes induced by alloxan and streptozotocin: The current state of the art[END_REF][START_REF] Laguens | Streptozotocin-induced liver damage in mice[END_REF]. Finally, it might have been informative to carry out in vitro investigations in cultured hepatocytes in order to determine whether high glucose levels might exacerbate APAP-induced cytotoxicity in the absence or the presence of co-cultured macrophages. Of note, CYP2E1 is also expressed in Kupffer cells and monocytes-derived macrophages [START_REF] Cao | Cytochrome P4502E1 primes macrophages to increase TNFalpha production in response to lipopolysaccharide[END_REF][START_REF] Hutson | Expression of CYP2E1 by human monocyte-derived macrophages[END_REF]. While in absolute amount, CYP2E1 abundance is higher in hepatocytes than in macrophages, its induction by ethanol is of the same relative magnitude in both cell types [START_REF] Koivisto | Induction of cytochrome P-4502E1 by ethanol in rat Kupffer cells[END_REF]. Increased expression of CYP2E1 in macrophages results in TNF-α secretion and sensitization to lipopolysaccharide (LPS) stimuli [START_REF] Cao | Cytochrome P4502E1 primes macrophages to increase TNFalpha production in response to lipopolysaccharide[END_REF]. Furthermore, CYP2E1 activity is increased in macrophages treated with APAP for 2 hours [START_REF] Al-Belooshi | Increased mitochondrial stress and modulation of mitochondrial respiratory enzyme activities in acetaminophen-induced toxicity in mouse macrophage cells[END_REF]. Hence, CYP2E1 induction in macrophages might contribute to the early phase of APAP-induced hepatotoxicity.

Hyperglycemia itself promotes multiple cellular events that could trigger APAP-induced toxicity independently of CYP2E1. In vitro studies revealed that hyperglycemia induces TNF-α and IL-6 secretion in Kupffer cells (Fig. 2), thus inhibiting M2 polarization via activation of CHOP-mediated endoplasmic reticulum stress [START_REF] Rao | Hyperglycemia Aggravates Hepatic Ischemia and Reperfusion Injury by Inhibiting Liver-Resident Macrophage M2 Polarization via C/EBP Homologous Protein-Mediated Endoplasmic Reticulum Stress[END_REF]. Similarly, cultures of bone marrow-derived macrophages (BMDM) under high glucose induced a pro-inflammatory phenotype through alteration of sphingosine-1-phosphate pathway [START_REF] Hu | Hyperglycemia-Triggered Sphingosine-1-Phosphate and Sphingosine-1-Phosphate Receptor 3 Signaling Worsens Liver Ischemia/Reperfusion Injury by Regulating M1/M2 Polarization[END_REF]. Hyperglycemia induces the expression of nitric oxide synthase 2 (NOS2, also referred to as iNOS) while reduces arginase-1 (Arg1) expression and IL-10 secretion in human monocytes-derived macrophages and BMDM [START_REF] Hu | Hyperglycemia-Triggered Sphingosine-1-Phosphate and Sphingosine-1-Phosphate Receptor 3 Signaling Worsens Liver Ischemia/Reperfusion Injury by Regulating M1/M2 Polarization[END_REF][START_REF] Torres-Castro | Human monocytes and macrophages undergo M1-type inflammatory polarization in response to high levels of glucose[END_REF]. Within the liver, hepatocytes are an additional source of cytokines. Exposure to high glucose of mouse hepatocytes activates the nuclear factor kappa B (NFκB) pathway [START_REF] Dihingia | Vitamin K1 inversely correlates with glycemia and insulin resistance in patients with type 2 diabetes (T2D) and positively regulates SIRT1/AMPK pathway of glucose metabolism in liver of T2D mice and hepatocytes cultured in high glucose[END_REF]. This pro-inflammatory response is accompanied by an increased monocyte chemoattractant protein 1 (MCP-1) secretion [START_REF] Dihingia | Vitamin K1 inversely correlates with glycemia and insulin resistance in patients with type 2 diabetes (T2D) and positively regulates SIRT1/AMPK pathway of glucose metabolism in liver of T2D mice and hepatocytes cultured in high glucose[END_REF], which could favor recruitment and activation of monocytes to the liver (Fig. 2). Likely, in HepG2 cells, high level of glucose induced the expression of TNF-α, IL-6 and plasminogen activator inhibitor-1 (PAI-1) already 6 hours after exposure and sustaining over the next 24 hours. Hyperglycemia promotes the expression of these pro-inflammatory cytokines through ROS production leading to the activation of mitogen-activated protein kinase (MAPK) and NFκB signaling pathways [START_REF] Panahi | High glucose induces inflammatory responses in HepG2 cells via the oxidative stress-mediated activation of NF-κB, and MAPK pathways in HepG2 cells[END_REF].

Overall, in vitro data support that hyperglycemic state generates a pro-inflammatory response directly within hepatocytes and macrophages through different pathways. However, these effects were not observed in the hyperglycemic STZ-treated mice until APAP treatment was administered A c c e p t e d M a n u s c r i p t [START_REF] Wang | Hyperglycemia exacerbates acetaminophen-induced acute liver injury by promoting liver-resident macrophage proinflammatory response via AMPK/PI3K/AKT-mediated oxidative stress[END_REF]. Thus, in vivo, APAP treatment could aggravate the preexisting hyperglycemic state to reach a point where glucose levels promote a hepatic pro-inflammatory response (Fig. 2). Indeed, APAP could affect hepatic glucose production, as in mice, administration of a single dose of APAP increases blood glucose levels due to increased glycogenolysis [START_REF] Hinson | Acetaminophen-induced hepatic glycogen depletion and hyperglycemia in mice[END_REF]. In addition to the effect of APAP on hepatic glycogen depletion to increase glycemia, in vivo APAP administration alters pancreatic cells structure and damages β-cells [START_REF] Ferguson | Acetaminophen-induced alterations in pancreatic beta cells and serum insulin concentrations in B6C3F1 mice[END_REF], potentially further damaging pancreatic cells in the STZ model. While a direct toxic effect of APAP on the sensitized hepatic inflammatory cells cannot be ruled out, the role of APAP on glycemia and the subsequent exacerbation of a hepatic pro-inflammatory phenotype remain to be considered.

A more frequent form of diabetes is T2D, whose prevalence parallels the surge of overweight and obesity worldwide. T2D is preceded by insulin resistance, which induces a compensatory increase in insulin secretion by the pancreatic β-cells, thus resulting in hyperinsulinemia [START_REF] Mezza | β-Cell Fate in Human Insulin Resistance and Type 2 Diabetes: A Perspective on Islet Plasticity[END_REF]. In turn, both insulin resistance and hyperinsulinemia favor the occurrence of NAFLD, respectively via increased non-esterified fatty acid (NEFA) delivery to the liver and enhanced de novo lipogenesis (Fig. 1B) [START_REF] Begriche | Mitochondrial adaptations and dysfunctions in nonalcoholic fatty liver disease[END_REF][START_REF] Khan | Modulation of Insulin Resistance in Nonalcoholic Fatty Liver Disease[END_REF]. Many experimental and clinical investigations consistently reported higher hepatic CYP2E1 expression and activity in obesity and NAFLD [START_REF] Aubert | Increased expression of cytochrome P450 2E1 in nonalcoholic fatty liver disease: mechanisms and pathophysiological role[END_REF][START_REF] Massart | Role of nonalcoholic fatty liver disease as risk factor for drug-induced hepatotoxicity[END_REF][START_REF] Abdelmegeed | Role of CYP2E1 in Mitochondrial Dysfunction and Hepatic Injury by Alcohol and Non-Alcoholic Substances[END_REF][START_REF] Gade | Higher chlorzoxazone clearance in obese children compared with nonobese peers[END_REF]. Although the mechanisms of CYP2E1 induction in NAFLD are still unclear, some investigations suggest the role of insulin resistance and some fatty acids such as stearic acid (C18:0) (Fig. 1B) [START_REF] Michaut | A cellular model to study drug-induced liver injury in nonalcoholic fatty liver disease: Application to acetaminophen[END_REF][START_REF] Aubert | Increased expression of cytochrome P450 2E1 in nonalcoholic fatty liver disease: mechanisms and pathophysiological role[END_REF]. Interestingly, investigations in rodents and patients suggest that NAFLD increases the risk and severity of APAPinduced hepatotoxicity, at least in part via CYP2E1 induction [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Michaut | A cellular model to study drug-induced liver injury in nonalcoholic fatty liver disease: Application to acetaminophen[END_REF][START_REF] Massart | Role of nonalcoholic fatty liver disease as risk factor for drug-induced hepatotoxicity[END_REF]. Hence, both hypoinsulinemia and hyperinsulinemia appear to enhance hepatic CYP2E1 activity (Fig. 1), which might favor APAP-induced mitochondrial dysfunction and liver damage.

Although hepatic CYP2E1 plays a major role in APAP-induced hepatotoxicity [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Lee | Role of CYP2E1 in the hepatotoxicity of acetaminophen[END_REF][START_REF] Guengerich | Cytochrome P450 2E1 and its roles in disease[END_REF], we should recall that other factors can play a significant role in the occurrence of hepatic cytolysis and subsequent sterile inflammation. These factors include for instance APAP absorption by the gastrointestinal tract, gut microbiota, hepatic APAP conjugation into the nontoxic glucuronide and sulfate conjugates, diurnal variation of NAPQI formation and detoxification in liver and possibly APAP volume of distribution [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Gong | Gut microbiota mediates diurnal variation of acetaminophen induced acute liver injury in mice[END_REF][START_REF] Moriya | Acetaminophen-induced hepatotoxicity of cultured hepatocytes depends on timing of isolation from light-cycle controlled mice[END_REF]. While some of these factors favor APAP hepatotoxicity, others protect against such toxicity [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Mitchell | Age-related changes in the hepatic pharmacology and toxicology of paracetamol[END_REF]. Because obesity, diabetes and NAFLD significantly affect these factors [START_REF] Michaut | Acetaminophen-induced liver injury in obesity and nonalcoholic fatty liver disease[END_REF][START_REF] Brill | Impact of obesity on drug metabolism and elimination in adults and children[END_REF][START_REF] Mukherji | The circadian clock and liver function in health and disease[END_REF][START_REF] Vigliotti | Gut microbiota and human NAFLD: disentangling microbial signatures from metabolic disorders[END_REF], investigators studying liver injury induced by APAP or other xenobiotics in these metabolic diseases should consider the main factors that are likely to explain higher hepatotoxicity, or a protective effect. Overall, insulin resistance, hyperinsulinemia and NAFLD are associated with higher CYP2E1 activity in rodents and humans.

Figure 2:

Role for hyperglycemia in hepatic inflammatory responses and potential mechanisms contributing to APAP-induced hepatotoxicity. Chronic hyperglycemia as a cause of insulinopenia or insulin resistance is a source of liver disease. High glucose level promotes a pro-inflammatory response in liver resident macrophages (Kupffer cells). In hepatocytes, high glucose induces ROS overproduction and oxidative stress, which promote, at least partly, the expression of proinflammatory cytokines, such as TNF-α and IL-6. Secretion of monocyte chemoattractant protein 1 (MCP-1) is increased in hepatocytes exposed to high glucose, and could favor the recruitment of inflammatory cells to the liver. If exposed to chronic hyperglycemia, recruited monocytes exhibit a pro-inflammatory M1-like phenotype and contribute to hepatic inflammation. In this context, 
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  p t e d M a n u s c r i p t hyperglycemia could prime hepatocytes to APAP toxicity by promoting oxidative stress and the pro-inflammatory environment within the liver, thus favoring APAP-induced liver injury. However, whether APAP could directly affect activated Kupffer cells or aggravate the preexisting hyperglycemia to further worsen the pro-inflammatory response remain unclear in the exacerbated APAP-induced hepatotoxicity.
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