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Abstract 

 

Peroxisomes are ubiquitous and multifunctional organelles that are primarily known for their 

role in cellular lipid metabolism. As many peroxisomal enzymes catalyze redox reactions as 

part of their normal function, these organelles are also increasingly recognized as potential 

regulators of oxidative stress-related signaling pathways. This in turn suggests that 

peroxisome dysfunction is not only associated with rare inborn errors of peroxisomal 

metabolism, but also with more common age-related diseases such as neurodegeneration, type 

2 diabetes, and cancer. This review intends to provide a comprehensive picture of the 

complex role of mammalian peroxisomes in cellular redox metabolism. We highlight how 

peroxisomal metabolism may contribute to the bioavailability of important mediators of 

oxidative stress, with particular emphasis on reactive oxygen species. In addition, we review 

the biological properties of peroxisome-derived signaling messengers and discuss how these 

molecules may mediate various biological responses. Furthermore, we explore the emerging 

concepts that peroxisomes and mitochondria share an intricate redox-sensitive relationship 

and cooperate in cell fate decisions. This is particularly relevant to the observed demise of 

peroxisome function which accompanies cellular senescence, organismal aging, and age-

related diseases. 
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1. Introduction 

 

Today, it is widely accepted that the cellular redox state is an important metabolic variable 

that influences many aspects of cell function, including cell survival, proliferation, and 

differentiation [1]. A derangement in redox homeostasis may render cells more vulnerable to 

oxidative stress, a condition in which the production of reactive oxygen and/or nitrogen 

species (ROS/RNS)
1
 overwhelms the capacity of the antioxidant defense and repair 

mechanisms [2]. Major cellular sources of ROS/RNS encompass the electron transport chain 

in mitochondria, the Ero1 and cytochrome P-450 enzymes in the endoplasmic reticulum (ER), 

the NADPH oxidases at the plasma membrane, the flavin oxidases inside peroxisomes, and 

the nitric oxide synthases (NOSs) which show different subcellular localizations [3]. Natural 

antioxidant systems include various enzymes (e.g. superoxide dismutase, glutathione 

peroxidase, and catalase) and non-enzymatic metabolites (e.g. glutathione and ascorbic acid) 

[3]. Depending on the type of ROS/RNS, their concentration and localization, and their 

kinetics of production and elimination, these small reactive molecules may propagate 

downstream signaling events or cause oxidative damage to biomolecules [4]. As such, it is not 

surprising that both acute and sustained alterations in the redox state can contribute to the 

mechanisms of cellular aging and age-related diseases [4]. In the following sections of this 

review, we focus on the role of peroxisomes in oxidative stress- and antioxidant defense-

related pathways in mammals (Fig. 1). 

 

2. Peroxisomes are important sites of ROS production and degradation 

 

As indicated by their name, peroxisomes play a central role in the cellular metabolism of 

hydrogen peroxide (H2O2) [5]. This is perhaps best illustrated by the fact that these organelles 

harbor copious amounts of enzymes that can produce or degrade this molecule. The best 

known ones are the H2O2-producing flavin-containing oxidases and catalase, a H2O2-

decomposing enzyme [6]. Peroxisomes also contain enzymes that generate superoxide (O2
•-
) 

(e.g. xanthine oxidase) or nitric oxide (NO
•
) (e.g. xanthine oxidase and NOS2, the inducible 

form of nitric oxide synthase) as part of their normal catalytic activity [6]. In addition, as NO
•
 

                                                 
1
 Abbreviations: AA, arachidonic acid; DHA, docosahexaenoic acid; ER, endoplasmic reticulum; 

GSH, reduced glutathione; GSSH, oxidized glutathione; LONP2, peroxisomal Lon protease; NOSs, 

nitric oxide synthases; PUFAs, polyunsaturated fatty acids; RNS, reactive nitrogen species; ROS, 

reactive oxygen species; UOX, urate oxidase; VLCFAs, very-long-chain fatty acids; X-ALD, X-

linked adrenoleukodystrophy. 
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may rapidly combine with O2
•-
 to form peroxynitrite (ONOO

-
) [7], and H2O2 may give rise to 

hydroxyl radicals (
•
OH) through the Fenton reaction [8], it is very likely that these organelles 

also have the potential to act as a source of these ROS/RNS species. Importantly, since 

ONOO
-
 and 

•
OH are highly unstable, they can cause direct oxidative biomolecular damage, 

such as lipid peroxidation [9]. In this context, it is essential to mention that peroxisomes also 

contain antioxidant enzymes that can degrade O2
•-
 (e.g. superoxide dismutase 1), ONOO

-
 (e.g. 

peroxiredoxin 5), epoxides (e.g. epoxide hydrolase 2), and lipid peroxides (e.g. peroxiredoxin 

5 and glutathione S-transferase kappa). For a detailed description of these and other 

peroxisomal pro- and antioxidant enzymes, we refer the reader to other comprehensive 

reviews covering this topic [6,10,11]. 

 

As already mentioned in the introduction, the major non-enzymatic cellular redox buffer 

systems rely on the antioxidants glutathione and ascorbic acid. Glutathione (-glutamyl-

cysteinyl-glycine) is a tripeptide that, within cells, can exist in reduced (GSH) and oxidized 

(GSSG) states [3]. Ascorbic acid, also known as vitamin C, is an essential nutrient in human 

diets that functions as cofactor for a number of enzymes and is capable of scavenging various 

ROS/RNS. Although it is well documented that plant peroxisomes contain a functional 

ascorbate-glutathione cycle [12], relatively little is known about the network of non-

enzymatic antioxidants inside mammalian peroxisomes. Nonetheless, there is some indirect 

evidence that GSH may freely diffuse from the cytosol into peroxisomes via PXMP2, a non-

selective pore-forming peroxisomal membrane protein with an upper molecular size limit of 

300-600 Da [13]. However, it remains to be determined how GSSG can be reduced inside the 

peroxisomal matrix or exported back into the cytosol. In addition, although it has been 

demonstrated that ascorbic acid functions as a cofactor for phytanoyl-CoA 2-hydroxylase in 

the peroxisomal matrix [14], it remains unclear whether or not this vitamin also displays 

antioxidant properties in this subcellular compartment. Indeed, a recent study from our 

laboratory has shown that the cultivation of mouse embryonic fibroblasts in media containing 

ascorbic acid actually led to an increased redox state of the peroxisomal matrix [15]. This may 

be explained by the facts that (i) peroxisomes contain relatively large amounts of heme- and 

non-heme iron-containing enzymes [16], and (ii) ascorbic acid can generate hydroxyl and 

alkoxyl radicals in the presence of free transition metals [17]. 

 

Finally, peroxisomes also harbor several proteases whose functions may be linked to 

peroxisomal ROS-production. One such enzyme is peroxisomal Lon peptidase (LONP2), an 
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enzyme that – among other functions – is implicated in the degradation of dysfunctional 

and/or excessive matrix proteins [18,19]. Indeed, in a recent study in Penicillium 

chrysogenum, it was shown that LONP2 selectively degrades oxidatively damaged proteins in 

the peroxisomal matrix, and that an inactivation of this protein enhances cellular oxidative 

stress [20]. In addition, it has been demonstrated that this protease is involved in the removal 

of excess peroxisomal -oxidation enzymes upon removal of proliferation stimuli [18]. This 

observation is in line with a recent study showing that LONP2 proteolytically regulates 

peroxisomal fatty acid β-oxidation [19]. Taken together, these findings indicate that LONP2 

may act as a significant coordinator of metabolism-related ROS generation within these 

organelles. Lastly, also insulin-degrading enzyme, another peroxisomal protease, has been 

shown to be capable of degrading oxidized proteins [21]. In summary, these proteases are 

likely to influence peroxisomal ROS production by regulating the quantity and quality of the 

organellar matrix protein content. 

 

3. Peroxisomes play a key role in the maintenance of cellular oxidative balance 

 

Peroxisomes house many enzymes that produce or degrade ROS/RNS (see Section 2). As 

such, they have the intrinsic properties to act as modulators of cellular oxidative balance. 

However, as most ROS/RNS (e.g. O2
•-
, H2O2, 

•
OH, and ONOO

-
) cannot freely diffuse across a 

lipid bilayer [22], a conditio sine qua non for being integrated into the cellular redox 

regulatory network is that the peroxisomal membrane does not constitute a hurdle for the 

diffusion of redox molecules from one compartment to the other. Importantly, this criterion is 

most likely fulfilled, given that peroxisomes in mammals contain a non-selective membrane 

pore large enough to accommodate the diffusion of virtually all types of ROS/RNS that can 

be generated or metabolized inside the organelle (see Section 2). Nevertheless, in this context, 

it is worth adding that – despite the high content of catalase in the peroxisomal matrix – 

peroxisomes in metabolically active rat liver slices have been reported to be inefficient 

detoxifiers of external H2O2, and that the highly packed matrix within the organelle itself 

seems to act as diffusion barrier [23]. Interestingly, the same study also showed that the 

tubular structures in crystalloid cores of urate oxidase (UOX) in these peroxisomes serve as 

exhaust conduits that release UOX-derived H2O2 directly into the extraperoxisomal space. 

  

Given that peroxisomes play a central role in cellular lipid metabolism, they may also help 

protect cells from oxidative stress by actively maintaining the optimal membrane lipid 
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composition (Fig. 1) [24]. In this context, it is essential to note that peroxisomes harbor 

enzymes that are involved in the metabolism of very-long-chain fatty acids (VLCFAs) and the 

biosynthesis of docosahexaenoic acid (DHA) and plasmalogens [25]. As these lipophilic 

molecules are able to insert into cellular lipid bilayers, it is very likely that changes in their 

abundance also alter membrane structure, fluidity, and function. In addition, higher 

concentrations of polyunsaturated fatty acids (PUFAs) are thought to sensitize cells to 

oxidative stress due to an increased likelihood of lipid peroxidation [26], and plasmalogens 

are not only structural components of cell membranes but may also function as physiological 

antioxidants with their vinyl ether functionality serving as sacrificial trap for free radicals 

[27]. 

 

Currently, there is plenty of evidence that disturbances in peroxisomal (redox) metabolism 

sensitize cells to oxidative stress [11]. For example, mouse embryonic fibroblasts lacking 

glyceronephosphate O-acyltransferase, a peroxisomal enzyme catalyzing the first step in 

plasmalogen biosynthesis, are more susceptible to 2,2’-azobis(2-methylpropionamidine) 

dihydrochloride-induced oxidative stress [28]; fibroblasts from patients with peroxisome 

biogenesis disorders are more sensitive to UV light-induced oxidative stress [29]; cultured 

cerebellar neurons from peroxisome-deficient mice display increased oxidative stress and 

apoptosis [30]; and inhibition of catalase activity causes damage to proteins and DNA, 

increases mitochondrial ROS production, and impairs cell growth [15,31,32]. On the other 

hand, it is also important to take into account that cellular oxidative stress may affect 

peroxisome morphology [33,34], motility [35], and function (e.g. by reducing the import 

kinetics of matrix proteins) [15,36]. In this context, it is noteworthy that (i) a recent study has 

shown that valosin-containing protein can sense H2O2 via a highly reactive cysteine residue, 

and regulate H2O2 levels in the cytosol by affecting the retention time of (newly-synthesized) 

catalase within this subcellular compartment [37], (ii) we found that also Pex5p, the cycling 

import receptor for peroxisomal matrix proteins, is a redox-sensitive protein (our unpublished 

results), and (iii) others have reported that, in Arabidopsis thaliana (but most likely also in 

other organisms, including mammals), the activity of peroxisomal 3-ketoacyl-Coa thiolase is 

controlled by a redox-sensitive switch that may regulate peroxisomal -oxidation (and hence 

peroxisomal H2O2 production) [38]. In summary, these and other findings clearly show that 

peroxisomal metabolism and cellular oxidative balance are intimately interconnected. 

However, the mechanisms by which peroxisomes may act as redox signaling platforms have 

only recently begun to emerge. 
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4. Peroxisomes are important cellular redox signaling platforms 

 

Over the last years, it has become increasingly clear that changes in peroxisomal metabolism 

may have a profound impact on cellular processes by modulating the composition and 

concentration of specific lipids and (redox-derived) signaling mediators (Fig. 1) [39,40]. Here, 

it is essential to bear in mind that (i) any change in the production, constitution and/or 

localization of (phospho)lipids may have profound effects on cellular signaling cascades [41], 

and (ii) virtually all stress stimuli trigger changes in lipid composition [42]. In addition, it is 

well known that the localization and activity of many proteins (e.g. kinases, phosphatases, and 

transcription factors) are reversibly controlled by the oxidation state of specific cysteine thiols 

[43]. In the following paragraphs, we review the biological properties of peroxisome-derived 

signaling messengers and discuss how these molecules may mediate various biological 

responses. 

 

Peroxisomes are relevant sources of different types of ROS/RNS (see Section 1). Of these, 

H2O2 and NO
•
 are, due to their life time and potential diffusion distance, considered the most 

favorable ones to act as signaling molecules [44,45]. The precise cellular responses to 

peroxisome-derived H2O2 and NO
•
 are not yet well understood. However, in analogy with 

other systems, one may anticipate that these responses are concentration dependent in that 

excess amounts of peroxisomal H2O2 and NO
•
 can be expected to be cytotoxic while low 

concentrations may mediate various responses such as changes in gene expression and cell 

growth. In this context, it is relevant to know that, at low (physiological) concentrations, both 

H2O2 and NO
•
 have preferred biological targets. For example, H2O2 can – directly or with the 

help of thiol peroxidases or sulfhydryl oxidases – oxidize proteins by converting thiol groups 

of reactive cysteines to sulphenic acids or disulfide bonds [45,46]; and NO
•
 is capable of post-

translationally modifying proteins by converting thiol groups of reactive cysteines to 

nitrosothiols [47]. Importantly, these modifications are thought to change the function of a 

broad spectrum of proteins.  

 

In support of these ideas, it has been shown that (i) inhibition of catalase activity by 3-

aminotriazole increases the cellular protein disulfide content by 20% [48]; (ii) overexpression 

of catalase sensitizes cells (and animals) to certain types of stressors by dampening H2O2-

mediated signaling pathways [49,50]; (iii) overexpression of acyl-CoA oxidase 1, a H2O2-
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producing enzyme of the peroxisomal fatty acid β-oxidation pathway, can activate NF-B, a 

redox-sensitive transcription factor that regulates various inflammatory and cell cycle 

regulatory genes, in a substrate concentration-dependent manner [51]; and (iv) excess 

peroxisome-derived H2O2 functions as an important mediator of lipotoxicity in insulin-

producing cells [52]. In addition, although the intraperoxisomal localization and activity of 

NO
•
-producing enzymes in mammals remains enigmatic [53,54], there is experimental proof 

that various peroxisomal proteins (e.g. catalase, 3-ketoacyl-CoA thiolase B, Pex11p, …) can 

be selectively S-nitrosylated, at least in some mouse tissues [55]. Nevertheless, the 

physiological and pathophysiological roles of NO
•
 production and action inside mammalian 

peroxisomes remain to be elucidated. Here, two notable hypotheses have been considered 

regarding the possible role of NOS2 inside peroxisomes. The first hypothesis proposes that 

peroxisomal NOS2 may function to modulate the organellar enzyme activities [54]. This 

postulate, which was predominantly based on the finding that the appearance of NOS2 inside 

peroxisomes is associated with a decrease in catalase activity [54], is in line with the recent 

observation that various peroxisomal proteins, including catalase, can be S-nitrosylated [55]. 

The second hypothesis suggests that NOS2 localizes to peroxisomes as a protective 

mechanism to remove catalytically incompetent variants of this enzyme [56]. Here it is 

essential to note that NOS2, in its monomeric form or in the absence of adequate substrate, 

can produce O2
•-
 [56]. 

 

Unfortunately, virtually nothing is known regarding the specific effects and physiological 

functions of other peroxisomal ROS/RNS species, such as O2
•-
, 

•
OH, and ONOO

-
. However, 

here it should be mentioned that (i) O2
•-
 is considered to be a major precursor of H2O2 rather 

than a direct participant in signaling [45], (ii) 
•
OH lacks any specificity as it reacts with 

almost any organic molecule it encounters [45], and (iii) ONOO
-
 is a short-lived strong 

oxidant that can oxidize protein-associated thiol groups, nitrate tyrosine residues on proteins, 

and initiate lipid peroxidation [57]. Finally, there is currently no evidence that mammalian 

peroxisomes can serve as a potential source of S-nitrosoglutathione, a physiological NO
•
 

carrier.  

 

Another set of peroxisome-related signaling molecules that can conceivably regulate cellular 

processes include plasmalogens, PUFAs, and sphingolipids. Plasmalogens may serve as 

precursors of biologically active lipid mediators, as (i) they often contain arachidonic acid 

(AA) or DHA at the sn-2 position of the glycerol moiety, and (ii) upon release by the action of 
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phospholipase 2A, these PUFAs can be metabolized to second messengers that modulate 

inflammatory responses (e.g. prostaglandins, thromboxanes, leukotrienes, docosanoids, …) 

[58]. In addition, AA, DHA and other PUFAs are known to be major targets for lipid 

peroxidation [59], and 4-hydroxy-2-nonenal – one of the major end products of this process – 

can modulate both cytoprotective and cytotoxic signal transduction pathways [60]. Finally, as 

brains and fibroblasts of mice and patients with peroxisomal disorders contain increased 

levels of C26:1/0-ceramide [61], changes in peroxisomal metabolism may also exert an 

influence on the physiological responses mediated by the sphingolipid class of bioactive 

lipids. Note that members of this class of lipids act as important messengers for signaling 

events that lead to cell proliferation, differentiation, and senescence [42]. In summary, the 

data presented in this section strongly support the idea that peroxisomes actively contribute to 

trans-compartmental lipid and ROS signaling in mammalian cells.  

 

5. Peroxisomes and mitochondria share an intricate redox-sensitive relationship 

 

Over time, it has become increasingly clear that peroxisomes extensively cooperate with other 

organelles, such as mitochondria [62,63], the ER [40], and lipid droplets [64], to optimally 

perform their cellular tasks. Peroxisomes and mitochondria are notably interconnected in that 

they (i) collaborate at different levels to maintain various metabolic and signaling pathways 

[25,62,63], (ii) share several crucial components of their organellar fission machineries 

[65,66], and (iii) display a redox-sensitive relationship [11]. Regarding the latter, it has been 

shown that excessive ROS-generation in peroxisomes increases the mitochondrial redox state 

and triggers mitochondrial fragmentation with subsequent (apoptotic) cell death [15; our 

unpublished observations]. Here it is important to mention that the relationship between 

mitochondrial oxidative stress and cell death is well established [67], and that the potential 

role of peroxisomes in cell death pathways is just beginning to emerge (Fig. 1). However, in 

this context, it should be stressed that peroxisome dysfunction also has a profound impact on 

mitochondrial function. For example, Pex5p knockout mice possess increased levels of 

mitochondria, which show structural abnormalities and alterations in the expression and 

activities of respiratory chain complexes [68,69]. In addition, mitochondrial oxidative 

phosphorylation seems also to be impaired in X-linked adrenoleukodystrophy (X-ALD), the 

most common peroxisomal disorder [70]. Importantly, this study as well as several other 

reports link disturbances in peroxisomal redox metabolism to mitochondrial oxidative stress. 

For example, it has been shown that a reduction in catalase activity contributes to oxidative 
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stress-dependent mitochondrial dysfunction [31,71,72], and that mitochondrial redox balance 

and function can be restored upon catalase overexpression [31,32,72]. In summary, these data 

demonstrate that changes in peroxisomal metabolism have a profound impact on 

mitochondrial functions. 

 

6. A disturbance of peroxisomal redox homeostasis contributes to disease development 

 

During the last decades, it has become increasingly clear that peroxisome dysfunction is not 

restricted to inherited peroxisomal diseases, but also to disease processes associated with 

aging [24]. These pathological processes include oxidative stress, cellular dysfunction, and 

inflammation. In the following paragraphs, each of these themes is discussed in more depth. 

When relevant, this will be illustrated with examples. However, for a detailed overview on the 

role of peroxisomes in specific age-related disorders, we refer to another recent review [24]. 

 

As peroxisomes are important sites of ROS/RNS production and degradation, it is no surprise 

that these organelles have garnered increasing attention for their potential role in oxidative 

stress-related signaling pathways and pathologies [11]. A hypothesis gaining prominence is 

that low levels of peroxisomal ROS/RNS act as signaling molecules that promote cell 

proliferation and cell survival (= concept of peroxihormesis [24]), and that a profound 

disturbance of peroxisomal metabolism triggers signaling/communication events that 

ultimately result in the activation of (mitochondrial) cell death pathways (Fig. 1) [73]. In this 

context, it is interesting to note that (i) a preservation of peroxisome function exerts a 

protective effect against ROS-induced apoptosis during acute kidney injury [74], (ii) 

peroxisomal ROS metabolism plays a key role in the regulation of the hypothalamic 

melanocortin tone and food intake in diet-induced obesity [75], (iii) the pancreatic β-cell 

lipotoxicity induced by free fatty acids is caused by H2O2 produced through peroxisomal β-

oxidation [52], (iv) a deficiency in catalase activity accelerates diabetic renal injury through 

peroxisomal dysfunction [72], and (v) disturbances in peroxisome function result in enhanced 

neuronal cell death [76]. Regarding the latter observation, it is important to mention that long-

lived neurons are particularly vulnerable to the effects of ROS/RNS due to their high demand 

for oxygen and abundance of peroxidizable lipids [77]. 

 

Increasing evidence suggests that disturbances in peroxisomal metabolism do also play an 

important role in the accumulation of oxidation-mediated cellular damage and aging [78]. 
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This can be well illustrated by the observations that (i) catalase levels and activity drop with 

age, at least in rats [79,80], (ii) hypocatalasemic fibroblasts accumulate H2O2, are oxidatively 

damaged, and display age-associated pathologies [81], and (iii) these phenotypes can be 

reversed by forced overexpression of catalase-SKL, a catalase derivative with enhanced 

peroxisome targeting efficiency [31]. At first sight, these findings may seem surprising given 

that cellular aging is widely considered to be driven by excess mitochondrial ROS production. 

However, in the meantime, there is sufficient evidence to foster the idea that peroxisomes can 

act as upstream initiators of mitochondrial ROS signaling pathways [24,32,82]. Importantly, 

the redox signaling pathways between peroxisomes and mitochondria remain to be elucidated. 

In summary, these observations and the recent finding that cellular senescence is causally 

implicated in generating age-related phenotypes [83], suggest that alterations in peroxisome 

function most likely play a more prominent role in the human aging process than we currently 

think [24]. However, as cellular oxidative stress has also been implicated as a causative factor 

in the development of peroxisome dysfunction (e.g. by affecting the import kinetics of 

peroxisomal matrix proteins [15,36,37]), much work remains to be done to gain full 

understanding of the cause-and-effect relationships between peroxisome dysfunction, 

oxidation-mediated cellular damage, and disease development. 

 

Oxidative stress and inflammation are strongly related to each other, and – as such – it may 

not be surprising that a growing body of evidence emphasizes the potential role of 

peroxisomes in inflammatory processes [84]. For example, it has become apparent that (i) 

peroxisomes have the potential to regulate the bioavailability of important inflammatory 

mediators (e.g. H2O2, NO
•
, prostaglandins, leukotrienes, …) [85,86], and (ii) peroxisome 

inactivity can trigger fast neuroinflammatory reactions [87,88]. In addition, there are 

indications that inflammatory mediators such as proinflammatory cytokines can down-

regulate peroxisome function [85]. This in turn may lead to an accumulation of VLCFAs, and 

– as lipid derivatives with an abnormally high proportion of VLCFAs have been reported to 

trigger inflammatory responses and demyelination [89] – this may initiate a perpetual 

inflammatory cascade [85,87]. 

 

7. Conclusions and future directions 

 

Over the years, a considerable amount of evidence has been collected that disturbances in 

peroxisomal metabolism can have significant consequences for human health. However, at 
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present, it is still unclear the extent to which defects in peroxisomal metabolism lead to 

cellular and organismal pathologies. An attractive hypothesis put forth is that peroxisomes 

mediate developmental decisions by modulating the cellular composition and concentration of 

specific lipids and (redox-derived) signaling mediators (Fig. 1) [40,73]. Specifically, it is 

thought that – when peroxisome activity is optimal – the organelle activates cytoprotective 

and anti-aging mechanisms, while – under non-optimal conditions – the organelle becomes a 

signaling platform governing pro-aging processes [40,73]. An intriguing and still open 

question is how peroxisomes contribute to stress responses and metabolic pathways that 

potentially impinge on the aging process and for example cause neurological decline. Gaining 

a better insight into these issues requires more data about (i) the identity of proximal targets 

for peroxisomal ROS/RNS, (ii) the downstream signaling pathways regulated by these 

factors, and (iii) the molecular mechanisms underlying the stress-related communication 

events between peroxisomes and mitochondria. Although such experiments will be 

technically challenging, being successful is the only key to figure out the precise role of 

peroxisomes in the initiation and progression of oxidative stress-related diseases. 
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Figure caption 

 

Fig. 1. Hypothetical model depicting the role of peroxisomes in cell fate decisions. 

Peroxisomes play a central role in cellular lipid and ROS/RNS metabolism. As such, the 

metabolic output of these organelles can affect mitochondrial function and modulate the 

bioavailability of lipid- and redox-related factors involved in diverse cellular signaling 

pathways. Depending on the specific pathways affected, these changes exert either 

cytoprotective or cytotoxic actions. The phenomenon in which peroxisome function is 

adapted to exert beneficial effects (e.g. to protect cells against oxidative insults, to promote 

cell survival and proliferation pathways, …), is called ‘peroxihormesis’. Disturbances in 

peroxisome function (e.g. upon acute or chronic inflammation and/or exposure to oxidative 

stress) can evoke oxidative stress-mediated signaling mechanisms associated with cellular 

aging and age-related diseases. PUFAs, polyunsaturated fatty acids; RNS, reactive nitrogen 

species; ROS, reactive oxygen species; VLCFAs, very-long-chain fatty acids. 
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