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P62 is a versatile protein involved in the delicate balance between cell death and survival, which is fundamental for

cell fate decision in the context of both cancer and neurodegenerative diseases. As an autophagy adaptor, p62

recognizes polyubiquitin chains and interacts with LC3, thereby targeting the selected cargo to the autophagosome

with consequent autophagic degradation. Beside this function, p62 behaves as an interactive hub in multiple

signalling including those mediated by Nrf2, NF-κB, caspase-8, and mTORC1. The protein is thus crucial for the

control of oxidative stress, inflammation and cell survival, apoptosis, and metabolic reprogramming, respectively.

As a multifunctional protein, p62 falls into the category of those factors that can exert opposite roles in the cells.

Chronic p62 accumulation was found in many types of tumors as well as in stress granules present in different

forms of neurodegenerative diseases. However, the protein seems to have a Janus behaviour since it may also

serve protective functions against tumorigenesis or neurodegeneration. 
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1. Introduction

P62 is a multifunctional protein that was originally identified as a component of the sequestosome, a cytoplasmic

structure which serves as a storage place for ubiquitinated proteins . The p62 encoding gene was then isolated

and termed sequestosome 1 (SQSTM1). The protein was the first adaptor involved in selective autophagy

identified in mammals . Studies on selective protein degradation reveal a crucial role of p62 in autophagic

digestion of poly-ubiquitinated protein cargo. During the early steps of autophagosome formation, a dimeric form of

p62 is phosphorylated in Ser407 by Atg1/ULK1 kinase, one of the upstream ATG gene products that trigger the

autophagic flux. This phosphorylation destabilizes the p62 dimer and renders the protein prone to undergo

subsequent phosphorylation by other kinases (casein kinase2 or TANK-binding kinase1) to increase the binding

affinity of p62 for ubiquitin chains . It is well known that p62 can preferentially bind to Lys63 ubiquitin chains and

this might represent a subtle level of regulation during selective autophagy . 

Following binding to ubiquitinated proteins, p62 undergoes oligomerization and interacts with the autophagosomal

membrane protein LC3, thus delivering the cargo aggregates to the autophagosome . LC3 exerts multiple roles in

autophagy including membrane fusion, cargo selection and autophagosome mobilization. LC3/p62 interaction is

indispensable for autophagic degradation of polyubiquitinated cargo. Moreover, the same p62 becomes degraded

by the autophagosome, which makes the protein a marker to monitor the autophagic flux. Indeed, a precocious
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increase in p62 cellular levels is usually observed during autophagy execution, and a subsequent decrease, due to

autophagic degradation of the protein, occurs later when autophagy is completed .

As a multifunctional protein, p62 not only takes part in selective autophagy, but also interacts with many factors that

play important roles in determining cell fate. p62 behaves indeed as a signalling hub and can be considered a main

regulator of key pathways including the nuclear factor (erythroid-derived 2)-like 2/Kelch-like ECH-associated

protein 1 (Nrf2/Keap1) oxidative defense system, NF-kB mediated-inflammation and pro-survival response,

mTORC1 related nutrient sensing, and caspase-8- mediated apoptosis . Due to its versatile behaviour and

capability of recruiting diverse binding partners to influence many cellular processes, p62 is clearly involved in

important diseases including cancer and neurodegenerative disorders  exerting a Janus role. 

2. P62 Structure, Post-translational Modifications and
interactors

Concerning the structure, human p62 exists in two protein isoforms that originate by alternative splicing of three

mRNA variants. p62 mRNA variant 1 encodes the full length 440-aa protein. The other two mRNA variants (2 and

3) share the same coding sequence but differ in their 5′UTR regions. Both these variants encode p62 isoform 2,

which is 84 amino acids shorter than p62 isoform 1 at the N terminus. While the precise function of this isoform

remains unknown, the full length p62 is widely expressed and represents the predominant one . The full length

p62 protein structure, including domains and multiple interactors, is reported in Figure 1.

Figure 1. p62 structure, functional domains, post-translational modifications, and interactors. In particular, the

figure shows Phox/Bem1p (PB1) domain, which is important for p62 oligomerization, with indicated ubiquitination

sites, relative ubiquitinating enzymes (Trim21, parkin, NEDD4) and interactors (NBR1, atypical protein kinase C

(aPKC), MEKK3, MEKK5, ERK); Zinc finger ZZ and TRAF bindingTB domains necessary for interaction with

receptor interacting protein (RIP) and TRAF6, respectively, to activate NF-κB signalling; nuclear localization

sequences (NLS1 and NLS2), and nuclear export sequence (NES) which account for nuclear-cytoplasmic shuttling

of p62; LYR and Keap1-interacting region (KIR) domains that interact with LC3 and Keap1 respectively to promote

selective autophagy and nuclear factor (erythroid-derived 2)-like 2 (Nrf2)-mediated signalling. Ubiquitin associated

(UBA) domain is fundamental for recognition of poly-ubiquitinated cargo during selective autophagy. Post-
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translational modification sites including phosphorylation, acetylation, and ubiquitination together with the

respective regulative enzymes (MEKK3, mTORC1, TAK1, Keap1, Tip60, HDAC6) are also indicated.

 Overall, the flexible structure of p62 and the fine regulation due to post translational changes makes this protein a

versatile interactor and a key factor regulating diverse cellular processes by cooperating with multiple specific

partners. The main p62 interactors are indicated in Fig 2.
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Figure 2. p62 molecular interactors and relative signalling. (a) Phosphorylated p62 (Ser349) activates Nrf2-

mediated oxidative response and cell survival by sequestering Keap1. p62 expression is then activated by Nrf2 in

an amplification loop. (b) p62 promotes NEMO ubiquitination via TRAF6 favouring NF-κB activation and

consequent transcription of genes involved in inflammation and pro-survival response. NF-κB also induces the

same p62 expression. (c) p62 stimulates caspase-8 which in turns cleaves p62 thus promoting apoptosis or

mTORC1-mediated nutrient sensing. (d) mTORC1 modulation by p62 via TRAF6 and stimulation of anabolism in
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the presence of nutrients and AMP kinase mediated p62 phosphorylation during starvation and consequent

catabolic autophagy.

  3. OncoJanus Role of p62

 The different properties of p62 and diversified roles deriving from the broad spectrum of interactors make the

protein a double edged sword in cancer. A number of papers supports an oncogenic role of p62 in a wide variety of

human cancers . Accumulation of p62 has been found in several forms of tumors including hepatocarcinoma,

breast, lung, gastric, colon, and ovarian cancers . Increasing evidence demonstrates that abnormal

expression of p62 is associated with malignancy in most cases. Notably, p62 knockout or knockdown have been

shown to abrogate tumor growth in different cancer models . In such a way, p62 may be considered as an

oncogene. From a molecular point of view, given that p62 abundance may favour pro-survival tumor-associated

autophagy, increased activity of p62 was also correlated with increased phosphorylation. In particular, the

phosphorylated form of p62 in Ser349 leads to persistent activation of Nrf2 signalling promoting cell survival and

consequent tumor growth .

The other side of the coin is that p62 can exert a protective function against tumorigenesis, acting in tumor

microenvironment. For instance, p62 levels were found to be reduced in the stroma of several tumors and loss of

p62 in the tumor microenvironment resulted in increased tumorigenesis . In the scenario of tumor

microenvironment and communication of tumor cells with other cell types, a relevant function of p62 has been

identified in tumor surrounding macrophages. Induction of p62 through NF-κB in macrophages serves to limit the

release of cytokines, such as IL-1b, and consequent inflammation, which is likely to promote tumor survival and

growth . Some evidences indicate that p62 preserves macrophage homeostasis and reduces their oncogenic

potential .

Intriguingly, p62 has also been shown to exert an anti-tumor function within cancer cells. For instance, at the

nuclear level p62 can control DNA damage through inhibition of histone H2A ubiquitination, thus affecting DNA

repair and increasing the sensitivity of tumor cells to radiation . In such a perspective, high levels of p62 can

even represent an advantage for cancer therapy.

It is relevant that the antitumor function of p62 is related to its nuclear localization. In this regard, it has been shown

that low nuclear level of p62 was associated with aggressive clinic pathologic features and unfavorable prognosis

of oral squamous cell carcinoma .

Taken together, all these findings strongly support the dual role of p62 in cancer. If on the one hand we consider

p62 as an oncogene because of its overexpression in many tumors, on the other hand this condition

may be strategically used against cancer to improve the therapeutic efficacy.

4. NeuroJanus Role of p62
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 Given the role of p62 in selective autophagy and implications in regulating the balance between cell death and

survival, it is not surprising that this multifunctional protein is also involved in the pathogenesis of

neurodegenerative diseases. Due to its functional plasticity, p62 serves indeed as a signalling hub for multiple

pathways implicated in neurodegeneration. P62 may be neuroprotective since it promotes pro-survival autophagy

against various types of neuronal stresses or it may be neurotoxic when overexpressed or deregulated. Moreover,

many evidences indicate that aberrant p62 is found in association with specific aggregates that are typical of

different neurodegenerative diseases . For instance, low expression of p62 has been found in many forms of

Alzheimer Disease (AD) and p62 loss of function has been shown to result in Aβ accumulation, tau

hyperphosphorylation, and consequent neurodegeneration . Interestingly, overexpression of p62 was able to

rescue cognitive deficit in transgenic AD mice models. p62 protective role is most likely correlated with its capability

of promoting the degradation of misfolded protein through the autophagy pathway. On the other hand, increased

autophagy can occur during Alzheimer development and its deregulation may cause neuronal damage. For

instance, in some cases, mitophagy, the selective autophagic degradation of mitochondria involving p62, was

found excessively intensified in neurons leading to synaptic deterioration and axon degeneration .

P62 has also an important role in the prevention of dopaminergic neurodegeneration implicated in Parkinson

Disease (PD) . Notably, evidence has been provided that autophagy failure can lead to p62 association with α-

synuclein accumulation into Lewy bodies . In this context, an important function is exerted by parkin, the product

of PARK2 gene, which serves a protective function in dopaminergic neurons. Parkin has been shown to

ubiquitinate p62, thus promoting its proteasomal degradation. Through the control of p62 levels, parkin, together

with the mitochondrial factor Pink1, is also associated with p62-dependent mitophagy. Parkin loss of function

results in p62 accumulation and association to Lewy bodies. Deregulation of Pink1/parkin/p62 pathway has been

associated to increased vulnerability of neuronal cells toward PD development . Overall, if on one hand

mitophagy failure leads to p62 accumulation and association with α-synuclein and PD pathogenesis, on the other

hand, p62 is fundamental together with parkin and Pink1 to maintain neuronal homeostasis and survival.

Finally, many evidences indicate that p62 is also involved in Amyotrophic Lateral Sclerosis (ALS), a progressive

and fatal neurodegenerative disease, which is caused by the gradual depletion of motor neurons in the cerebral

cortex, the brain stem or the spinal cord . One common aspect of different ALS forms is the aggregation of

insoluble proteins within cells. In particular, intrinsically disordered proteins such as DNA-binding protein 43 (TDP-

43) and fused in sarcoma (FUS) are frequently associated to the pathogenic aggregates within motor neurons of

ALS patients . A minor percentage of patients (about 20%) have accumulations of superoxide dismutase 1

(SOD1), a key antioxidant enzyme involved in toxic superoxide radicals disposal within the cell . Accumulation of

such proteins in amorphous aggregates is due to genetic mutations in their encoding genes or aberrant expression

of their inactive forms. Most of these inclusions have been shown to be ubiquitin-immunoreactive and in many

cases, they contain mutated p62. Autophagy impairment or p62 loss of function may therefore contribute in ALS

pathogenesis . On the other hand, functional modulation of p62 can switch toward neurodegeneration. For

instance, p62 phosphorylation at Ser403 increased upon TDP43 overexpression in neuronal cells and this was

correlated with accumulation of insoluble poly-ubiquitinated proteins and neurotoxicity . This evidence confirms
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that p62 can either suppress or promote neurodegeneration depending on particular circumstances, cell context

and interactive networks.

5. Conclusions

Biochemical complexity is a hallmark of multi-factorial diseases, including cancer and neurodegenerative disorders.

In a wide and intricate molecular scenario, it is not easy to strictly classify a factor as a positive or negative

regulator in the pathogenesis and disease development. P62 perfectly fits the feature of a double-faced protein

depending on cell context, interacting networks, expression levels, and regulative post-translational modifications.

If we can consider p62 a “benefactor” when it contributes to protect the cells from tumorigenesis or

neurodegeneration, we have to consider it a “malefactor” when it is de-regulated or overexpressed thus causing

the opposite effects. Discriminating such behaviour becomes important to understand the molecular basis of the

above-mentioned diseases and to perform appropriate targeted therapies.
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