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PON1, PON2, and PON3 belong to a family of lactone hydrolyzing enzymes endowed with various substrate specificities.

Among PONs, PON2 shows the highest hydrolytic activity toward many acyl-homoserine lactones (acyl-HL) involved in

bacterial quorum-sensing signaling. Accordingly, defense against pathogens, such as Brevundimonas aeruginosa (B.
aeruginosa), was postulated to be the principal function of PON2. Moreover, findings have highlighted the importance of

PON2 in oxidative stress control, inhibition of apoptosis, and the progression of various types of malignancies.
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1. Introduction

Paraoxonase 2 (PON2) is the oldest member and the most potent quorum quencher of the paraoxonase family,

nevertheless it is less studied than PON1. Its intracellular localization, in contrast to PON1 and PON3 secreted

extracellularly, makes PON2 studies more challenging. In fact in cells functional assays to measure its activity in different

compartments are still not available and the lack of the 3D structure does not allow one to clarify reaction mechanisms.

The most common PON2 polymorphisms are associated with its decreased lactonase activity and with a higher risk for

coronary artery disease (CAD) and Alzheimer’s disease. From 2010 it was highlighted PON2’s ability to reduce oxidative

stress in mitochondria and to prevent apoptosis in the endoplasmic reticulum  with a still unclarified mechanism

suggested to be independent from the lactonase activity . From here on scientists explored PON2 antioxidant effects, its

role in preventing heart failure  and its involvement in any type of tumor .

Scientists are focusing on individual aspects of PON2. Of the 996 PON2 papers produced from 1998, 792 were published

in the last 10 years. This huge amount of information needs to be collected and summarized allowing scientists to look at

the whole picture of PON2 functions and roles while continuing to elucidate single mechanisms. This entry updates new

discoveries and involvements of PON2 in diseases. In addition, it provides a concrete analysis of PON2 structure and

functions on the basis of PON1 data, a new perspective on PON2 modulation based on post-translational modifications

identified in researchers' last paper and a connection of PON2 lactonase and antioxidant activities with the reported

diseases.

For a more comprehensive analysis of PON1 structure and mechanism readers can refer to ref. .

2. PON2 Structure and Function

2.1. Gene and Localization

Based on a phylogenetic analysis, PON2 emerges as the oldest member of this family, with PON1 and PON3 evolving

from PON2 . Their genes, which reside on the same cluster on chromosome 7 , share about 70% sequence identity.

It is worth noting a structural similarity of PONs members with the endoplasmic reticulum (ER)-resident molecular

chaperone MEC-6 . At the genomic structure level, PON2 is arranged in nine exons encoding a protein of 355 amino

acids, approximately 40–43 kDa in mass. PON2 displays a 66% sequence identity and 81% similarity with PON1, at least

considering the most abundant form of PON2 . PON1 and PON3 are extracellular proteins secreted in plasma and

bound to high-density lipoproteins (HDLs). Their expression is predominant in the liver and kidneys . PON2, in

contrast, is a ubiquitously expressed intracellular protein . It localizes in the perinuclear region, the endoplasmic

reticulum (ER), mitochondria , and associates with plasma membrane fractions . In summary, although PONs are

very similar in their amino acid sequences, they have different functions and are found at different locations. For a recent

review more focused on PON1 structure and mechanism see .
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2.2. PON2 Model

PON1 was the first HDL-associated protein and the only PON family member for which the structure has been elucidated

 (PDB ID: 1V04). The first crystallized PON1 is a recombinant variant from rabbit, highly similar in sequence to human

PON1 (Figure 1).

Figure 1. PON1 protein structure. Side view of the six-bladed propeller-like structure of PON1. The top left side of the

structure (molecular surface colored by atoms and ribbon view in transparency) shows the retained N-terminal helix A and

helix B taking contact with a schematic lipid surface (phospholipids of a high-density lipoprotein (HDL) particle; membrane

in the case of PON2). The N and C termini and the two calcium atoms (green balls) localize in the central tunnel of the

propeller. The ribbon of PON1 molecule is colored by chain progression. Residues interacting with the two calcium ions

and phosphate are shown with line representation (inset). Red balls are water molecules. Picture was drawn by the Pymol

program (The PyMOL Molecular Graphics System, Version 2.0. Schrödinger, LLC., New York, NY, USA).

The overall architecture of PON1 is a β-propeller with six blades and a central tunnel; each blade consists of four β-

sheets. A disulfide bridge between Cys42 and Cys353 forms a covalent closure between the N and C termini; the two Cys

are conserved throughout the PON family . Two calcium ions, one at the top of the structure (Ca1) and one in the

central tunnel (Ca2), are present at a distance of 7.4 Å. The calcium at the top, considered to be the catalytic calcium,

interacts with the side chain oxygens of Asn224, Asn270, Asn168, Asp269, and Glu53 (line representation in Figure
1 inset). The central calcium ion may contribute to the protein’s structural stability . All three PONs diverged as

independent genes during evolution and expansion, but they maintained a common active site and catalytic machinery.

The PON1 glycosylated sites (Asn253 and Asn324) important for structure and high catalytic activity are highly conserved

throughout the whole gene cluster. In PON2 four putative N-linked glycosylation sites (Asn 226, Asn 254, Asn 269, and

Asn 323) have been predicted to be present, but only two out of them have been validated experimentally: Asn 254 

and Asn 323 . Furthermore, overexpression in human umbilical vein endothelial 926 cells (EA.hy) of the full-length

PON2 protein, and its mutants at positions 254 and 323, demonstrated them as glycosylation targets and that

modifications seem requested for the enzyme hydrolytic activity . PON2 is a type II transmembrane protein, with its N-

terminal region identified as a single transmembrane domain, whereas the catalytic domain corresponds to the C-

terminus, located extracellularly in the case of plasma membrane localization. Its role here should be to counteract lipid

peroxidation  as PON1 does in other districts. PON2 3D models have been built based on the 3D structure of the

homologue PON1 (PDB code: 1v04  and 4Q1U ). The structure of PON2 (as inferred from PON1) is characterized

by the first α-helix (H1) at the N-terminus protruding from the globular structure and the hydrophobic H2 likely interacting

with the lipid bilayer (Figure 2). The loop between the strand D6 and H1 α-helix is involved in the structural stabilization of

PON1 by several interactions . Looking at the PON2 model (Figure 2), the regions 18–31 and 92–109 were quite

dissimilar in sequence from PON1. The residue ASN105 of PON1 seems missing in PON2.
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Figure 2. Structural superposition between PON1 and PON2 model. Superposition between PON1 structure (residues

16–355; cyan) and PON2 3D model (residues 16–354; yellow), with highlighted (in red) regions 18–31 and 92–109

mentioned in the text.

2.3. PON2 Activities

PON2 has a calcium-dependent hydrolytic activity on lactones, esters, and aryl esters  and in addition it functions as an

antioxidant enzyme (Figure 3). PON2 over-expression is capable of lowering the oxidative state of cells, to prevent and to

reverse the cell-mediated oxidative modification of low-density lipoprotein (LDL) and therefore blocks the ability of mildly

oxidized LDL (MM-LDL) to induce monocyte chemotaxis . The redox function reduces the levels of reactive oxygen

species (ROS) thus displaying an antiapoptotic effect . However, none has so far demonstrated that the anti-ROS

activity is truly catalytic. This is an aspect that deserves to be explored in the next future. In contrast with PON1 and

PON3, PON2 does not show hydrolytic activity toward phosphotriesters  albeit faint PTE activity has been recently

reported for a mutated recombinant PON2 version .

Figure 3. PON2 activities. PON2 with its lactonase activity is able to hydrolyze the quorum sensing signaling molecules

used by bacteria during infection. This catalytic activity results in biofilm inhibition and defense from pathogenic infections.

PON2 also has antioxidant activity reducing oxidative stress in mitochondria and in the endoplasmatic reticulum with

different mechanisms. The PON2 redox activity inhibits apoptosis and prevents the formation of atherosclerotic lesions.

2.4. PON2 Isoforms

Seven PON2 mRNA isoforms have been described . Some of them include small mRNA size variations that are

produced by alternative splicing of the primary transcript, or by use of a second transcription start site. These transcripts

predict significant alterations in the deduced proteins such as the premature truncation after 50 or 84 residues (transcript
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I.3A and I.3B, respectively), the lack of 86 N-terminal residues (transcript II), or the loss of the second putative

Ca  binding loop (transcripts I.5A and II.5A) . Which of these alternate PON2 transcripts are translated in vivo, and

what the biological significance of such variations is, it remains to be established. At the protein level, three isoforms

corresponding to alternative splicing are described . The canonical full-length protein 354 aa (39,381 kDa), an isoform

that differs from the canonical sequence as follows: 1-16: MGRLVAVGLLGIALAL → MGAWVGCGLAGDRAGF (transcript

1) ; and a third isoform missing the region: 123-134 (342 aa; 37,980 kDa) . While the existence in vivo of the

canonical PON2 isoform was obvious from several studies, the existence and function of the two non-canonical isoforms

as expressed proteins is still a matter of debate. In researchers' recent paper , peptides corresponding to these two

isoforms were identified by mass spectrometry (MS) of endogenous PON2 immunoprecipitated in HeLa cells. This result

defines the presence in vivo of the non-canonical isoforms as expressed proteins. The isoform with the deletion of twelve

amino acids of exon V lacks one residue of the active site (His134) that helps to increase His 115 basicity in the

homologous PON1 structure . Therefore, it is highly likely that its deletion makes the protein substantially inactive

. The mutant 123-134delrPON2 harboring the deletion was produced in E. coli and a small-angle X-ray scattering

(SAXS) method was applied for the structure reconstruction of this protein. The results showed a disordered protein

suggesting that this isoform is unstructured and mostly inactive, as catalytic activity assays also demonstrated .

3. PON2 Role in Diseases

3.1. PON2 and Atherosclerosis

Increased production of ROS in mitochondria, accumulation of mitochondrial DNA damage, and progressive respiratory

chain dysfunction are associated with atherosclerosis or cardiomyopathy in human investigations and animal models of

oxidative stress . The oxidation theory for atherosclerosis proposes that LDL is the main target of oxidation and is

involved in both the initiation and the progression of atherosclerosis . Although there has been a focus on PON1 due to

its association with HDL, several studies demonstrated that PON2 and PON3 protect cells and tissues from oxidative

stress as well by reducing ROS. PON2 can inhibit LDL oxidation and enhance the antioxidant properties and cholesterol

efflux capacity of HDL, even though it is not found on lipoproteins . Approximately 1600 molecules of

cholesterol ester and 170 molecules of triglyceride reside in the central core of LDL particles . Half of the fatty acids

inside LDL are polyunsaturated fatty acids (PUFAs) that are mostly composed of linoleic acid but also include arachidonic

acid and docosahexaenoic acid. All of these PUFAs are usually protected against free radical attack and oxidation by

alpha-tocopherol and other antioxidants . Whenever there is an imbalance in the levels of antioxidants and the amount

of PUFAs, LDL is oxidized. LDL can be oxidized by metal ions, lipoxygenases, myeloperoxidase, and reactive nitrogen

species, mainly under the aorta intima; this process is mediated by the cells residing in the aorta wall . Oxidized LDL

(OxLDL) plays a pivotal role in triggering proinflammatory events that initiate and exacerbate atherogenesis . Cells

overexpressing PON2 are less prone to oxidize LDL showing significantly less intracellular oxidative stress when exposed

to either H O  or oxidized phospholipids , suggesting that PON2 plays a protective role in atherosclerosis. Indeed,

when PON2-knockout and apoE null mice were challenged with a high-fat diet, those mice developed significantly larger

atherosclerotic lesions than their wild-type counterparts. The serum levels of VLDL and LDL cholesterol were significantly

lower in PON2-deficient mice compared with wild-type mice. Enhanced inflammatory signaling by LDL, an attenuated

antiatherogenic capacity of HDL, and a heightened state of oxidative stress, along with an exacerbated inflammatory

response in PON2-deficient macrophages, were also detected in the PON2-deficient mice . Conversely,

adenoviral overexpression of PON2 in apoE null mice significantly enhances the efflux potential and antioxidant capacity

of serum and increases the anti-inflammatory properties of HDL, thus protecting mice against atherogenesis in vivo .

Further investigation showed that the antiatherogenic effects of PON2 are partly contributed by its protection against

oxidative stress in mitochondria . PON2 can prevent mitochondrial superoxide formation and apoptosis of cells, which is

independent of its lactonase activity . These studies are sufficient to show that PON2 strongly inhibits the development

of atherosclerosis.

3.2. PON2 and Cancer

Growth and metastasis of a tumor depend on several factors but at least a relationship between inflammation, oxidative

stress, and cancer has been demonstrated. Cancer cells display accelerated metabolism that can result from different

mechanisms such as the increased activity of specific metabolic pathways, alterations of mitochondria and peroxisome

functions, increased cellular receptor signaling, enhanced functioning of inflammatory cytokines, and activation of

oncogenes . During the initiation stage, ROS may contribute to oxidative modifications and impairment of

biomolecules including DNA, polyunsaturated fatty acids of lipid membranes, and proteins. Oxidative alterations of

proteins may result in the loss of enzyme activity and may render proteins more susceptible to proteolytic degradation 

. ROS can also contribute to abnormal gene expression, impaired intercellular communications, and modifications of
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signaling pathways. In particular, ROSs activate stress-responsive survival pathways and can sustain cellular proliferation

and differentiation . Pathways that are activated by ROSs involve several enzymes such as p38 mitogen-

activated protein kinase (p38 MAPK), protein kinase C (PKC), extracellular signal-regulated kinase (ERK)1/2, Jun N-

terminal kinase (JNK), and phosphoinositide 3- kinase/serine-threonine kinase (PI3K/Akt) . ROS are also involved in

the regulation of transcription factors such as activator protein 1 (AP-1), the nuclear factor erythroid 2-related factor 2

(Nrf2), hypoxia-inducible transcription factor 1a (HIF-1a), p53, and nuclear factor κB (NF-κB) . The antioxidant and

antiapoptotic activities of PON2 suggested a role favoring cancer cell survival and chemotherapeutic resistance . In

fact, despite the established and prevailing role of paraoxonases in cardiovascular diseases and relevant parameters,

more recent studies revealed an emerging association of PONs with cancer . Microarray studies led to observe

overexpression of PON2 in some solid tumors, like hepatocellular carcinoma, prostate carcinoma , and several

others such as skin neoplasm , gastric cancer , and breast cancer . Additionally, in various leukemia gene

expression profiling studies, upregulation of PON2 could be demonstrated; an example is pediatric acute lymphoblastic

leukemia (ALL) . Importantly, a subsequent study identified PON2 as a member of a very small group of upregulated

genes that characterized pediatric ALL patients with very poor outcome prognosis . In another form of leukemia,

chronic myeloid leukemia (CML), PON2 was also identified in an outcome-specific gene expression signature of primary

imatinib-resistant patients . Moreover, a marked overexpression of PON2 was observed in lymphocytes infected with T-

cell leukemia virus . In addition to the listed microarray data, Witty et al. (2011) recently showed that PON2 protein level

is increased in some tumors. PON2 overexpression was detected in the pancreas, liver, kidney, and lung tumors and an

over 10-fold upregulation of PON2 in thymus tumors and non-Hodgkin’s lymphomas . PON2 is 2–4-fold overexpressed

in the tumors from urinary bladder, liver, kidney, lymphoid tissues, and endometrium/uterus in comparison to normal tissue

. Despite some other tissues, where no increase in the expression level was observed, human tumors of the thyroid

gland, testis, prostate, and pancreas showed a slight upregulation of PON2. Other studies about the relation of PON2 and

cancer demonstrated that PON2 contributes to the progression and metastasizing of pancreatic cancer by stimulating

glucose uptake , accelerates the proliferation of and resistance to oxidative stress in bladder cancer , protects

glioblastoma cells against apoptosis , and reduces the sensitivity of oral cancer cells to radiation therapy . An

interesting phenomenon is that both PON2 and PON3 are upregulated in the early stages and some subtypes of cancer,

whereas they are downregulated in the late stages. This could indicate that, especially in the early stages of tumor

formation, the antioxidative and antiapoptotic function of PON2 and PON3 are beneficial as it helps to generate the

platform for malignant transformation. This observation could represent a potential approach of innovative therapies trying

to normalize the otherwise overexpressed PONs. In support to this hypothesis, the same study  revealed that

knockdown of endogenous PON2 caused spontaneous apoptosis of several human cancer cell lines—an intriguing but

somewhat unexpected finding given the viability of PON2-deficient mice (the residual PON2 expression in these mice 

may be comparable to efficient cell culture RNAi experiments). An exciting question is how tumors achieve an increase in

PON2 and/or PON3 expression. One simple explanation could be that, in some tissues, for example, papillary renal cell

kidney carcinoma or prostate adenocarcinoma, chromosome 7, which contains the PON cluster, is amplified . Another

reason might be that the regulation depends on several signaling pathways, which are linked to reactive oxygen species

and cancer, for example, PPAR-γ, AP-1, β-catenin/Wnt, NF-κB, HIF-1α, PI3K, and Nrf2 . In accordance, earlier studies

showed that PON2 expression is enhanced by oxidative stress , PI3K/PDGFR, PPARγ, and NADPH oxidase activation

and by AP-1 activation . Another point of interest is why some tumors upregulate PON2 or PON3. It is known that

one hallmark of cancer is resistance to cell death  and paraoxonases 2 and 3 provide a protection against

mitochondrial cell death signaling . Their overexpression lowered susceptibility to different chemotherapeutics (e.g.,

imatinib, doxorubicin, and staurosporine) in cell culture models via diminishing proapoptotic mitochondrial O -formation.

Oxidative stress and chronic inflammation are closely linked to cell death and cancer , therefore it appears conceivable

that tumors take advantage of the antioxidative function of PON2/PON3 to escape cell death. Other mechanisms

potentially involved in the antiapoptotic role of PON2 in tumor cells include UPR, a signaling pathway triggered during cell

stress. In fact OSCC cells overexpressing PON2 were protected against UPR-mediated cell death . A lower activity of

JNK and reduced expression of the proapoptotic factor CHOP related to overexpression of PON2 has been

demonstrated. These changes culminate in a decreased activation of caspase . In a 2018 study for the first time, it was

analyzed the expression level and mutations of PON2 gene in 31 types of malignancies and investigated the association

between the expression level of PON2 and patient survival. The results confirmed that the highest level of PON2

expression is observed in solid tumors, in particular in brain tumor and liver cancer. Amplification of the PON2 gene and

correlation of its expression with unfavorable prognosis of survival were also typical of these tumors. Moreover, PON2

located in the nuclear envelope and endoplasmic reticulum could protect cancer cells against unfavorable environmental

conditions and against chemotherapy. Patients with glioblastoma, low grade glioma, liver hepatocellular carcinoma, and

acute myeloid leukemia, exhibiting higher expression of PON2, had poor survival when compared with patients with lower

PON2 expression . There is only one study in which it is demonstrated that PON2 acts as a tumor suppressor. In the

early stage of OC by reducing IGF-1 production and signaling, PON2 activation might be a fruitful strategy to inhibit early-
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stage ovarian tumor. ID8hPON2 cells overexpressing human PON2 developed reduced tumors. Based on these data

PON2 overexpression regulates the antitumorigenic pathways. I). PON2 overexpression reduces mitochondrial

superoxide levels, which regulate c-Jun activation. Reduced c-JUN binding to the IGF-1 promoter leads to decreased

expression of IGF-1 protein. II). PON2 expression enhances electron transport chain activity leading to decreased

cholesterol levels resulting in impaired caveolin-1 and IGF-1R interaction. I and II result in decreased cell proliferation and

reduced tumor growth .

3.3. PON2 and Insulin Sensitivity

Atherosclerosis and insulin resistance are multifactorial diseases, which commonly associate with dyslipidemia, oxidative

stress, obesity, hypertension, and chronic inflammation. The liver is not only the primary site of lipid metabolism, but is

also the primary site for glucose uptake, production, and storage. Systemic and local oxidative and inflammatory stimuli

greatly influenced its role in glucose metabolism , which in turn influences whole-body insulin responsiveness .

Given the elevated oxidative stress levels and the abnormal lipid metabolism, previously reported in PON2-deficient mice

, Bourquard et al. hypothesized atherosclerosis as accompanied by impaired hepatic insulin signaling and showed

PON2 deficiency as associated with inhibitory insulin-mediated phosphorylation of hepatic insulin receptor substrate-1

(IRS-1) . Factors secreted from activated macrophage cultures derived from PON2-deficient mice are sufficient to

modulate insulin signaling in cultured hepatocytes like that observed in vivo. The modulation of hepatic insulin sensitivity

by PON2 seems mediated by a shift in the balance of NO and ONOO− (peroxynitrite) formation. These studies show that

PON2 plays a pivotal role in insulin sensitivity by its ability to modulate reactive species most likely as a result of PON2’s

association with the mitochondrial function .

From the previous data, it is clear that PON2 modulates the execution of the cell death program directly at the

mitochondria, thereby allowing modification of several apoptotic pathways converging at these organelles. Given the

importance of ER stress, JNK signaling, and CHOP expression for b-cell homeostasis , PON2 may impact on diabetes.

3.4. PON2 and Neurodegeneration

PON2 is unique among PONs to be expressed in the brain tissue. Due to its cellular localization and antioxidant and anti-

inflammatory actions may represent a relevant enzyme involved in neuroprotection. PON2 levels are highest in

dopaminergic regions (i.e., striatum), where oxidative stress is higher due to dopamine metabolism. Levels are higher in

astrocytes than in neurons and are even higher in the brain and peripheral tissues of female mice than male mice. The

regional distribution and gender differences of PON2 were confirmed by measurements of its lactonase activity (measured

by dihydrocoumarin (DHC) hydrolysis) and of PON2 mRNA levels . Its differential expression in males and females may

explain gender differences in the incidence of various diseases, including neurodevelopmental, neurological, and

neurodegenerative diseases. Lack of PON2 (as in PON2−/− mice) or lower levels of PON2 (as in male mice compared to

females) increases susceptibility to oxidative stress-induced toxicity. Estradiol increases PON2 expression in vitro and in

vivo and provides neuroprotection against oxidative stress. Such neuroprotection is not present in CNS cells from PON2−/

− mice . PON2 mRNA has been observed in mouse and human brains  and PON2 protein has been

detected in mouse  and monkey brains . In a series of recent studies, the expression of PON2 has been

characterized in the mouse brain . In the brain, and to a lesser extent in kidney and testis, but not in all tissues, the

PON2 antibody recognized two bands, the lower at Mw 43 kDa, which corresponds to the reported Mw of PON2, and an

upper band at Mw 55 kDa. This last band had been found at times by some investigators , but not by others

, and has been suggested to be a PON2 alloform, following the two mRNA splicing variants . In

researchers' recent study in HeLa cells , they identified five different bands. By immunoprecipitation and MS analysis,

researchers found that the 40 kDa band is the truncated version of PON2 lacking the peptide ranging from residues 123 to

134 (isoform 2), whereas the 43 kDa band contains both the canonical full-length protein (isoform1) and a modified

version (differences in the first 16 amino acids) called Primo Parmo (P.P.) isoform first described by Primo Parmo et al. 

. PON2 is known to have four putative N-linked glycosylation sites at asparagine residues  but experiments of site-

directed mutagenesis and deglycosylation indicated that both putative isoforms are glycosylated and only on N254 and

N323. Nevertheless, neither band was detected in the brain from PON2-deficient mice . Several studies reported the

association of PON2  and of codon 311 (S > C) PON2 polymorphism  with Alzheimer’s disease (AD).

PON2 neuroprotection against oxidative stress was also suggested . Polymorphisms in PON1 have also been

associated with susceptibility to Parkinson’s disease . The Parkinson’s disease (PD) is a progressive

neurodegenerative disorder characterized by the selective loss of the pigmented dopaminergic neurons of the substantia

nigra pars compacta (SNpc) , and the reduction in the striatal dopamine level. The majority of PD cases do not follow a

genetic inheritance pattern . However, rare familial forms of this disease with their causative genes have been defined

. DJ-1 was identified as one of these PD-related genes, and it has been most associated with the management
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of ROS, even if it is not completely clear how DJ-1 may regulate ROS . In a proteomic interaction screen for DJ-1

interacting partners, PON2 was reported as a novel interacting candidate for DJ-1 . It has been shown that DJ-1

interacts with PON2 in neurons and cell lines. This interaction appears to modulate PON2 activity as DJ-1 KO cells have

less basal PON2 activity and do not respond to oxidative stress as DJ-1 WT cells do. This effect can be reversed by the

expression of DJ-1. Besides, the expression of PON2 in DJ-1 KO neurons is more protective against the Parkinson’s

model of neuronal death than the expression of DJ-1 in PON2 deficient background. In summary, DJ-1 interacts with and

promotes PON2 activity in the presence of oxidative stress and this mechanism is one central mechanism by which DJ-1

promotes cell survival .

In the context of PD, neuronal death is determined by many factors that include ER and oxidative stress. Tissue samples

from PD patients show increased P-PERK, P-eIF2α, and ATF4 in the SNpc . Another study showed that the DA

neurotoxin mimicking PD, 1-methyl-4-phenylpyridinium ion (MPP+) and the neurotoxin 6-hydroxydopamine (6-OHDA)

widely used to induce models of PD upregulate the expression of UPR proteins such as BIP, CHOP, ATF4, P-PERK, and

P-eIF2α . DJ-1 null neurons are hypersensitive to ROS yet show remarkable resistance to ER stress. The potential

role of ER stress in PD is growing. Hyperactivation of UPR is observed in PD patients and animal models. However, the

contribution of ER stress pathways to neurodegeneration is complex, with the involvement of both prosurvival and

prodeath pathways. For example, a dual role of ATF4 has been shown during ER stress. ATF4 translation is upregulated

through increased P-eIF2α, in response to the accumulation of misfolded proteins in the ER. This event prevents

mitochondrial damage by promoting the transcription of Parkin. However, induction of ATF4 can also lead to cell death

through CHOP induction and caspase-3 activation. DJ-1 regulates the level of ATF4 in response to ER stress. This

evidence is summarized as follows: (1) DJ-1 loss reduces basal and ER stress-induced ATF4 induction. (2) Expression of

WT or mutant DJ-1 leads to increased ATF4 levels. (3) ATF4 regulation is not due to DJ-1 transcriptional activity. Instead,

DJ-1 directly binds ATF4 transcripts increasing its stability. Surprisingly, DJ-1 loss is associated with neuronal survival

under acute ER stress. This observation runs counter to most reports of DJ-1 acting as a prosurvival factor . In a

recent study  it was also demonstrated that the β-estradiol-3-benzoate (EB) has a protective effect on the

neurodegenerative experimental model of Parkinson’s disease. The protective effect is through the induction of the

expression of paraoxonase-2 (PON2) in the striatum. PON2 in fact has antioxidant and anti-inflammatory activity, with a

beneficial effect in the MPP+ model in rats decreasing the lipid peroxidation and the oxidative stress . It is interesting

to note that in the last decade several papers associated PON2 and its polymorphisms also with amyotrophic lateral

sclerosis (ALS) . ALS is a multifactorial disease characterized by cerebral cell dysfunction and mitochondrial

alteration. It is associated with the progressive increase in neuroinflammation, generalized oxidative stress, and metabolic

alterations . Saeed et al.  identified high linkage disequilibrium in PON2 and PON3 genes. The C allele of the

C311S PON2 and R allele of the Q192R PON1 polymorphism were instead associated with sporadic ALS. The presence

of the R-C haplotype has been linked to the development of ALS . A SNP haplotype was found in the C-terminal

portion of PON2 that included the alteration of amino acids PON2 C311S in the French and Canadian population, and in

the other combined populations. The casuistic stratification showed that this alteration was a relevant risk factor for the

development of ALS, regardless of the patient’s nationality . In addition, seven mutations found in the PON gene in

patients with familial and sporadic ALS were observed . However, in an Italian population, the SNPs L55M, Q192R in

PON1, and C311S in PON2, both genotype and haplotype, were not associated with ALS . Furthermore, in a study

with nine polymorphisms present in the PON gene cluster, including rs7493 (G > C) and rs11981433 (T > C, G) in the

PON2 gene in the Chinese population, no association was found between these SNPs and sporadic ALS . In addition,

the expression of messenger RNA of the PON2 gene was decreased in the spinal cord and trunk tissue of patients with

ALS and PON1 was undetectable .

4. Conclusions and Perspectives

The emerging picture of the last few years is that PON2 is placed in different districts and exert different functions: (1) on

the plasma membrane PON2 represents the first line of defense against infections by hydrolyzing 3OC12HSL ; (2) it

has antiatherogenic effects exerted by removing peroxidized lipids from the membrane ; and (3) connection of PON2

with cancer for its antiapoptotic roles are emerging . Recent papers suggest the involvement of PON2 on more

diseases than previously anticipated, such as cataract , COVID-19  ischemic stroke , and noise-induced

hearing loss . In the entry researchers collected the most representative works for each related disease and

researchers discriminated between PON2 wildtype and PON2 polymorphisms association. From this analysis is clear that

cancer studies are the most recent and that cancer is never associated with polymorphisms. This can be explained by the

fact that PON2 is involved in cancer for its antiapoptotic and antioxidant roles, while its polymorphisms affect mainly the
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lactonase activity. According to these effects further studies will allow one to identify the missing pieces and the full

knowledge of PON2 functions and mechanisms in human cells that in turn will provide an innovative therapeutic target

based on the increase or decrease of PON2 expression in relation to the associated diseases.
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