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It is not paradoxical that what has been overlooked tends to be of great importance. Peroxisomes, the widely distributed

organelles in the body, play irreplaceable roles in cellular metabolism, especially in fatty acid oxidation (FAO) and the

generation and elimination of reactive oxygen species (ROS).
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1. Introduction

Fatty acids (FAs) can be divided into four types according to the length of the carbon chain, namely short-chain fatty acids

(containing 2–4 carbon atoms, SCFAs), medium-chain fatty acids (containing 6–12 carbon atoms, MCFAs), long-chain

fatty acids (containing 13–18 carbon atoms, LCFAs) and very long-chain fatty acids (containing 20 or more carbon atoms,

VLCFAs) . Herein, focuses are to VLCFAs, including C20:0, C20:1, C22:0, and others. Any of these VLCFAs have

important functions that cannot be substituted by LCFAs, such as skin barrier formation, retinal functions, resolution of

inflammation, maintenance of myelin, sperm development and maturation, and liver homeostasis.

Most carbon saturated fatty acids (SFAs) are metabolized by β-oxidation in mitochondria. However, some specific FAs,

such as unsaturated fatty acids (UFAs), branched-chain fatty acids (BCFAs), and VLCFAs, require different oxidation

processes, including isomerization, alpha-oxidation (α-oxidation), omega-oxidation (ω-oxidation), and the oxidation

process in peroxisomes. Similar to β-oxidation in mitochondria, four sequential reactions also occur in peroxisomal β-

oxidation . Despite similarities in the reactions, mitochondria and peroxisomes still have different catalytic proteins,

electron transport chains, and orientations of metabolites, all of these suggest that research on mitochondria cannot be

applied to peroxisomes (Figure 1).
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Figure 1. The process of peroxisomal β-oxidation.

VLCFAs enter the peroxisome in the form of -CoA, start the β-oxidation from the first oxidation, undergo hydrolysis, begin

the second oxidation, undergo thiolysis, and remove two C atoms. If VLCFAs are still present, they will enter the cycle

again until the number of carbon chains is less than 18, after which the products will enter the mitochondria to continue

metabolism.

While peroxisomal β-oxidation plays a role in fat metabolism, researchers habitually look for solutions in mitochondria

when encountering problems associated with fat metabolism, especially cancer. Taking prostate cancer (PCa) as an

example, multiple studies have demonstrated that the occurrence of PCa is related to free FAs and oxidative stress in the

body , whereas most studies focus on regulating mitochondria to avoid or treat PCa; thus, peroxisomes have not been

taken seriously yet. Interestingly, since 2015, certain studies have proposed to locate some relevant biomarkers in PCa

cells peroxisome, such as monocarboxylate transporter 2 . Some studies have also indicated that the expression of

peroxisomal β-oxidation changes with PCa proliferation, and the rate of β-oxidation might affect the homeostasis of PCa

cells . By contrast, the specific mechanism of action between peroxisome and PCa and how to treat PCa through

peroxisome remained unclear. It can be seen that peroxisome β-oxidation may also be the target scheme in many

problems, but it is always overlooked. These days most studies focus on the interaction between peroxisome and

mitochondria, whereas fewer studies have been done on its independent role. So, does it have research significance?
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2. The Significance of Peroxisomal β-Oxidation

In fatty acid oxidation (FAO), the oxidation of VLCFAs is an aspect of peroxisome that differs from mitochondria. The

mitochondrial β-oxidation pathway has long been considered to play a central role in lipid degradation , and any

blockage of the oxidative pathway leads to increased lipid levels in tissues, yet the role of peroxisomes has been

considered. Dysregulation of  VLCFAs, essential components in the body, can lead to the occurrence of many diseases

. In humans, studies have shown that the accumulation of VLCFAs is the main cause of many neurological diseases,

such as Alzheimer’s disease, multiple sclerosis, and dementia. In addition, studies of sexually transmitted diseases have

found that VLCFAs are associated with ichthyosis, myopathy, and demyelination . To be specific, VLCFAs accumulate in

the plasma and tissue of patients, resulting in a fatal neurodegenerative phenotype, including childhood-onset cerebral

adrenoleukodystrophy (CCALD) and adrenomyeloneuropathy (AMN) . AMN is the milder phenotype characterized by a

slowly progressive axonopathy. Thus, VLCFAs are not only an indispensable part of the body but also a substance that, if

dysregulated in vivo, may result in strong toxicity.

In living organisms, free FAs, generally with low concentration, are mainly bound to fatty acid-binding proteins . In

this case, FAs in vivo are usually produced by the degradation of deposited fat and basically do not contain VLFCAs, and

mitochondrial β-oxidation is the primary way of FAO. However, when the toxic VLCFAs enter the body or are in a free

state, the peroxisome immediately activates the transport capacity through the transporter; in turn, acyl-CoA oxidase 1

(ACOX1) functions to ensure that peroxisomes can preferentially process VLCFAs that are not suitable for the internal

environment. It is this timely processing mechanism that makes the intoxication caused by VLCFAs rare in the body. Of

course, this may also be part of the reason why peroxisomal β-oxidation is easily overlooked.

Peroxisomal β-oxidation also plays an irreplaceable role in coping with oxidative stress. When the body is subjected to

various harmful stimuli, highly active molecules such as ROS and reactive nitrogen species (RNS) generate excessive

free radicals, and the oxidation degree exceeds the antioxidant capacity of cells to remove oxides. The oxidative and

antioxidant systems are unbalanced, leading to tissue damage. This is related to the ratio of FADH /NADH (F/N) (an

electron transport chain involved in the transfer of free hydrogen ions and electrons) entering the electron transport chain.

In short, the length of the FA carbon chain will affect the saturation and the F/N ratio, which in turn affects ROS production.

If VLCFAs are metabolized in mitochondria, the ROS formed can cause severe oxidative stress in mitochondria. Special

oxidation products generated during peroxisomal β-oxidation effectively reduced the occurrence of oxidative stress

(Figure 2). In peroxisomes, the high-energy electrons stored in FADH  are directly transferred from O  to H O , and

subsequently decomposed into H O and O . Therefore, the oxidation of VLCFAs in peroxisomes can reduce the amount

of β-oxidation in mitochondria, thereby reducing the F/N ratio and ROS formation. Of course, peroxisomal β-oxidation

inevitably causes ATP loss, and the energy carried by FADH  is not used to synthesize ATP but is dissipated in the form of

thermal energy. However, this heat loss is not a physiologically ineffective behavior, since studies have shown that

peroxisomes accelerate the decomposition of FAs in BAT under cold stress conditions to help the body quickly adapt .

Therefore, peroxisomal β-oxidation is an important metabolic activity during nonshivering thermogenesis.

Correspondingly, there is noise stimulation. In an extremely noisy environment, ROS production increases and causes

oxidative damage, and peroxisomes can also regulate disorders caused by these stimuli through β-oxidation. Current

research shows that this oxidative feedback regulation mechanism is activated by PEX5 .
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Figure 2. The roles of peroxisomal β-oxidation under various conditions. Responses and effects of peroxisomal β-

oxidation in cells under normal (top right), starvation (bottom right), cold stress (top left), and noise (bottom left)
conditions.

Another neglected effect is related to lipid droplets (LDs). LDs are lipid-storing organelles present in nearly all organisms,

from bacteria to mammals, and their degradation provides metabolic energy for different cellular processes, such as

membrane synthesis and molecular signaling . Studies have shown that LDs and peroxisomes are generated at the

same place in the endoplasmic reticulum with close subcellular localization after maturation, implying the possibility of

interaction between the two organelles . Indeed, researchers have found that when the body is starving, peroxisomes

can move to and contact LDs with the help of kinesin KLFC3, and then transfer lipids from lipid droplets into the β-

oxidation process more quickly to promote their degradation and maintain energy balance . The latest research also

authenticates this conclusion and gives a more specific explanation for “starvation” this condition arises to protect the

body from ROS, since starvation increases fatty acid peroxidation as does the production of ROS .

Among mammals, peroxisomes also play an important role in ruminants, especially dairy cows. In other non-ruminant

mammals, where FAO occurs mainly in mitochondria (76%), in ruminants, FAO occurs in mitochondria and peroxisomes

(approximately 50% in each organelle) . As dairy livestock are important, many studies have focused on the different

lactation stages and butterfat percentage of dairy cows. Consumer choices today are based not only on the nutritional

aspects of the food but also on products known to promote better health or prevent disease . In this regard, the

proportion of VLCFAs in milk is a concern. Dairy cows have a complete pathway for the synthesis and utilization of

VLCFAs, through ELOVL protein synthesis and peroxisome utilization . In actual production, high-producing dairy cows

are subject to constant oxidative stress due to a high metabolic rate and physiological adaptation to intensive farming .

During the perinatal period of dairy cows, the body will undergo complex physiological changes, among which ketosis

often occurs . The occurrence of ketosis is often accompanied by fat deposition in the liver . The essence is that

after excess NEFAs (nonesterified fatty acid, fatty acids above C10, mainly VLCFAs) enter the liver, part of NEFAs enter

the ketone body synthesis pathway to generate ketone bodies . Study showed a greater level of ROS in mammary

epithelial cells of ketotic cows, and greater oxidant indices, indicating increased oxidative stress status . Although

there is no direct research to prove that the occurrence of ketosis is related to peroxisomes, many studies have proved

that factors related to peroxisomal β-oxidation are involved in the occurrence and control of the disease, such as PPARα,

and AMPK, combined with the presence of VLCFAs, it was thought to be very possibly related to peroxisomes . Also,

many diseases in dairy cows can be attributed to oxidative stress, such as mastitis and breast edema .

Although some studies use extrinsic drugs to treat diseases from oxidative stress , it was believed that the harm

caused by oxidative stress can be alleviated by intrinsically regulating the rate of peroxisomal β-oxidation. Unfortunately,

at present, few studies have linked peroxisomal β-oxidation to these diseases.

[15]

[16]

[17]

[18]

[19]

[20][21]

[22]

[23]

[24] [25]

[26][27]

[28][29]

[30][31]

[32][33][34][35]

[36][37][38]



Overall, current research on peroxisomal β-oxidation has demonstrated its importance as a major factor in regulating lipid

metabolism disorders in the internal environment and maintaining the balance of lipids and ROS. Unfortunately, most

research on these functions has focused on understanding how they operate, and the current understanding of molecular-

level mechanisms of functions remains limited.
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