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•We captured the interplay of aggrephagy and the mTOR pathway with a simple mechanistic model and provided a 
realistic parameter calibration, allowing the simulation of complex and disease-relevant dynamics.

•Bifurcation analysis revealed distinct qualitative behaviors that could be relevant in vivo: 
•Bistability drives the switch between a healthy and stressed transcriptional program. 
•Oscillatory dynamics can be protective against sustained autophagy activation, which leads to apoptosis[7].

•Future perspectives: 
•Parameter perturbation to quantitatively investigate the effect of ALS-associated mutations on autophagic flux.
•Integration within a QSP model of autophagy, allowing the investigation of potential therapeutic targets in proteinopathies.

Simulation scenarios

Methods: mathematical model

Table 1: data sources for parameter calibration.

p62 translation / 
degradation

mRNA expression 
fold-changes

p62 oligomerization

Km,0, km,TFE, 
km,Nrf2

TFEB/Nrf2 OE/KO experiments [5,6]

Autophagic degradation kA, kA,K Keap1 & p62 steady-state values[3,4]

kt, kd,p
Protein quantification of ALS p62 
mutants via inducible systems[2]

koff FRAP analysis of p62 bodies [2]

Parameters Data source

Figure 2: under basal stress conditions, the system reaches a 
steady state. Following a perturbation (S=1.5S0 for 4 h), p62 
expression is increased, allowing recovery to physiological levels.

Model structure
5 ODEs & 19 parameters:
• Aggregate volume (Va)
• Cytoplasmic and aggregate-bound p62 

(p62c, p62a)
• p62 mRNA 
• Keap1 (transcriptional repressor)

Autophagy can be activated by 
local clustering of p62 at the 

aggregate surface independently 
of mTORC1 inhibition.

Emerging qualitative behavior
Depending on the stress input S(t), a 
stable equilibrium, periodic solution 

or unbounded aggregate growth can 
be observed.

Transcriptional control
• Positive feedback: boost 

autophagy in high stress contexts
• Negative feedback: response to 

p62 depletion

Biological process

Objectives
Amyotrophic lateral sclerosis, a rapidly progressing

neurodegenerative disease, is associated with mutations affecting the 
selective autophagy pathway, leading to impaired proteostasis.

p62/SQSTM1 is mutated in ALS and is an aggrephagy receptor with 
roles in mTORC1 signaling and inflammation, representing an ideal 
central node for mechanistic modeling[1].

We propose a mathematical model of cellular proteostasis, 
describing the accumulation of ubiquitinated proteins and their
clearance by the proteasome and p62-dependent aggrephagy.

Calibration strategy

Figure 1: fitting of p62 degradation time 
courses. Time series data from wild-type 
and autophagy-resistant D336N p62-
expressing cells [2] are shown alongside 
model predictions.

Basal condition with perturbation Sustained moderate stress

Figure 3: the negative feedback loop in p62 transcriptional 
control guarantees the existence of two Hopf bifurcations and 
a periodic solution for moderate stress inputs (S=1.7S0).

High stress equilibrium

Figure 4: at high stress inputs (S=3S0 ) the system switches 
steady state to a low p62 – high mRNA expression condition 
with increased autophagic flux.

Model schema
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