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known as the “peripheral ER,” are intertwined in a dynamic and interconvertible 



functions. Observations revealed that the former tended to be “rough,” 

therefore considered “smooth.”
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concept of “stress” indicates a deviation from this stable state. The 



Under physiological conditions, the ER’s highly specialized 
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two isoforms of IRE1 exist: IRE1α and IRE1β, with most UPR research 

focusing on IRE1α (Ghemrawi 

–

–
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Activated PERK phosphorylates eIF2α at Ser51, resulting in global 

mediated induction of GADD34 promotes eIF2α dephosphorylation, 

eIF2α

ATF6α and ATF6β, both ubiquitously expressed, although the former dis
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Alternatively, IRE1α can promote apoptosis by activating MAPK pathways that 

cell’s powerhouses, as they are primarily responsible for producing most of the 

cell’s ATP through oxidative phosphorylation. However, energy generation 

–
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organization and function according to the cell’s 

⁺
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MAMs, IRE1α can accumulate and, depending on context, drive either ⁺
IRE1α also acts as a scaffold that governs the positioning of inositol 1,4,5

–

from PERK’s luminal domain, 

eIF2α and 



proteotoxic stress (D’Amico 

–

–









–

tling). Notably, Cyt c’s positioning within inner mitochondrial 
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to the onset of conditions such as Alzheimer’s disease (AD), Parkinson’s 

disease (PD), Huntington’s disease (HD), and amyotrophic lateral sclerosis 

β and tau in AD, α

cognitive impairment, as does genetic reduction of eIF2α phosphorylation 

eIF2α 



showed that sustained eIF2α phosphorylation

eIF2α modulation as a promising therapeutic strateg

Aβ

TF6α KO mice, which also display increased sensitivity to PD

Aβ proteinopathy in Alzheimer’s disease (AD) α

proteinopathy in Parkinson’s disease (PD)



⁺
mechanisms have been described: extracellular Aβ oligomers induce Ca²⁺

⁺⁺
with Aβ oligomers resulted in cytosolic Ca²⁺

– 2012). Moreover, Aβ oligomers ⁺ ⁺
₃

Similarly, in PD, α ⁺
⁺ ⁺⁺



κB, PERK/NRF2, PERK/eIF2α/ATF4, and ATF6/STAT3. 

extracellular vesicles activate IRE1α, inducing malignant transformation in 

2019). The oncogenic potential of IRE1α is linked 

κB activation. 



underlying mechanisms remain unclear. Elevated ATF6α expre

metabolism through the ATF6α
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type (wt) CFTR or ΔF508



ΔF508

809 (2 μM) and Matrine (300 μM) for 48 h. 







–

fetal bovine serum (FBS; Euroclone), 100 U/mL penicillin, and 100 μg/mL 

₂

809 (2 μM; S1565, Selleckchem, 

445 (3 μM; S8851, Selleckchem) 



–

IKKα

κB



(PBS) and resuspended in 1 mL of Hank’s balanced salt 

solution (HBSS) containing 5 μM Fura 2

: thapsigargin (1 nM) to assess ER calcium stores, ionomycin (1 μM), 

chlorophenylhydrazone (CCCP; 5 μM),



expressed as the delta (Δ) of the Thapsigargin

cells were resuspended in 500 μL of 0.1% sodium citrate buffer, 0.1% Triton 

100, and 50 μg/mL of propidium iodide (PI)

twice with PBS, then incubated in PBS containing 2′,7′

DA; 10 μM) at 37 °C 

–

egard to mitochondrial ROS, changes in O2− production were assessed using 

MitoSOX Red (2.5 μM) for 15 minutes in the



caspase 4, COXII, pSTAT3 and ikBα, cyt c) were 

α (sc



flushing two times 500 μL of 80% CH3CN, 20% H2O, 0,1% FA. For the 

dissolved in 10% FA. Subsequently, 1 μg of each digest was analysed 

Spray PepMAPTM Neo C18 column (1500 bar, 2 μm, 

100 Å, 75 μm × 750 mm, ThermoFisher Scientific, Bremen). Peptides

–



supernatant. Equal protein aliquots (80 μL at 3 μg/μL) were then incubated 

Then, 20 μg of each sample were heated at 95°C in Laemmli buffer and 

MS/MS analysis. 1 μL of each digest was analysed on an Orbitrap Q

Spray PepMAPTM RSLC C18 column (3 μm, 100 Å, 

75 μm × 50 cm, ThermoFisher Scientific, Bremen). 



–

0.5 μg was retrotranscribed using 

the RevertAid First Strand cDNA synthesis kit (K1622). 2μl of cDNA were 

subjected to semiquantitative PCR using the following primers: 5′

3′ and 5′



3′. By s

₂ ₄

2DA; 10 μM) probe for 1 h in the dark (37 °C). Fluorescence



To evaluate the mitochondrial membrane depolarization (ΔΨm), the 
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2′,7′dichlorofluorescein diacetate (H2DCF

–
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⁺

⁺

μM) ⁺
⁺
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by means of Ionomycin (1 μM) (Panel (B)). Results are expressed as mean ± S.E.M. 
of the delta (δ) increase of FURA 2 ratio fluorescence (340/380 nm) from at least three 

–
–



κ

κ α

κ
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kB (B), and iKKα (C) expressions 

– treated cells; ◦ p < 0.05 vs. Vx –

s: PERK, IRE1α, 
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in IKKα levels, accompanied by a parallel decrease in NF κB expression. 

κB s

neurodegenerative diseases including Parkinson’s and Alzheimer’s disease. 



disorders including Parkinson’s and Alzheimer’s disease. The broad potential 



effects may arise from a “gain of function,” as in Alzheimer’s disease (AD), 

Parkinson’s disease (PD), and Huntington’s disease, or from a loss of function, 



drugs’ mechanism of action, which remains incompletely defined. This 
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was treated in according to the experimental plan. The probe 2′,7′





for 24h. The probe 2′,7′

–

Ionomycin (1 μM), was employed. The resul



esence of 1 μM of Ionomycin (panel 
X). The results show the mean ± S.E.M. of the delta (Δ) increase in the fluorescence 

–



–







strategy aimed at the identification of small molecules’ binding targets (and off

relies on the target protein’s stability against an unspecific protease (e.g., subtilisin) 

445 concentrations (1,10, and 100 μM) or the vehicle (negative control). 

the enzyme’s quench, SDS

underwent in situ trypsin digestion, obtaining peptides’ mixtures for the nano

molecular weight. √ is reported if the protein has been 

Accession Description MW 
[kDa]

DARTS 
1

DARTS 
2

DARTS 
3

Q06323 Proteasome activator complex 
subunit 1 28,7 √ √ √

P36776 Lon protease homolog, 
mitochondrial 106,4 √ X √

Q9Y6Y8 SEC23-interacting protein 111 √ X √

Q9NX05 Coactivator of PPAR-γ-like 
protein 2 120,5 √ X √

Q15018 BRISC complex subunit Abraxas 
2 46,9 √ X √

Q96FZ2 Abasic site processing protein 
HMCES 40,5 √ X √

Q9Y295 Development-regulated GTP 
binding protein 1 40,5 √ X √

Q13011 Δ(3,5)-Δ(2,4)-dienoyl-CoA 
isomerase 35,8 √ X √

P05141 ADP/ATP translocase 2 32,8 √ X √
P46926 Glucamine-6-phphate isomerase 1 32,6 √ X √

Q96CN7 Isochorismatase domain-
containing protein 1 32,2 √ X √

O75828 Carbonyl reductase [NADPH] 3 30,8 √ X √

P15559 NAD(P)H dehydrogenase 
[quinone] 1 30,8 √ X √



O95865 DimethylArg  
dimethylaminohydrolase 2 29,6 √ X √

P61289 Proteasome activator complex 
subunit 3 29,5 √ X √

Q92688 Acidic leucine-rich nuclear 
phospho 32B 28,8 √ X √

P12004 Proliferating cell nuclear antigen 28,8 √ X √

P39687 Acidic leucine-rich nuclear 
phospho 32 A 28,6 √ X √

P42345 Serine/threonine-protein kinase 
mTOR 288,7 X √ √

Q659C4 La-related protein 1B 105,3 X √ √
Q9H7Z7 Prtaglandin E synthase 2 41,9 X √ √

Q8IVD9 NudC domain-containing protein 
3 40,8 X √ √

P48556 26S proteasome non-ATPase 
regul. subunit 8 39,6 X √ √

Q86X76 Deaminated glutathione amidase 35,9 X √ √
P42574 Caspase-3 31,6 X √ √
P62424 Large ribomal subunit protein eL8 30 X √ √

Q01081 Splicing factor U2AF 35 kDa 
subunit 27,9 X √ √

with a sample/control ratio ≥ 1.5 were considered as Vx



Among the primary challenges in today’s field of medicine is the search for 

degeneration, examples are AD, PD, Huntington’s disease (HD), and 

amyotrophic lateral sclerosis (ALS) (Koszła Sołek, 2024).

centers on a sequence of events initiated by the accumulation of β

(Aβ) and tau proteins, ultimately resulting in neurodegeneration and clinical 



y Aβ deposits form senile 



containing αSyn inclusions were also positive for phosphorylated PERK 
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It’s well established that ER ⁺⁺⁺
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2AM was performed to evaluate the corrector’s ability 
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Physiological ROS levels, often referred to as “beneficial stress”, are 

(Koszła & Sołek, 2024). Under these conditions, ER str
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Apoptosis, often referred to as “programmed cell death”, is a physiological 
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a principal mode of neuronal death in NDs (Koszła Sołek, 2024).
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Corrector’s Potential Role in Mitochondrial 

). The UPR “gatekeeper” in 
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ER stress and inflammation: beyond being classified as an “inflammatory” 



κB–IκB kinase (IKK) and 
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mean ± SEM of ΔFura
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445. GAPDH served as loading control. Data represent mean ± S.E.M. of ≥3 
–

κB/STAT3 Pathways

IkBα expression has been 

e in IkBα levels (p < 0.0001

phosphorylated form of IkBα, potentially leading to NF
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κB is involved in gene regulation 

κB is 
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inflammatory action by modulating upstream signaling mediators (IκBα, p
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neurodegenerative disorders, including Alzheimer’s disease (Calvo
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Δ

corrector’s ability to re

5 μM

S.E.M. of the delta (δ) increase in the fluorescence of the FURA 2 ratio (340/380 nm) 
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the compound’s ability to 
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⁵
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2015), with free luminal concentrations ranging from ~100 to 800 μM. 



κB is the 



κB. 

IκBα, an inhibitor of NF

κB κB activation involves phosphorylation of IκBα by IκB kinase 

mediated degradation of IκBα. Specifically, in 

canonical activation, IKKβ, a subunit of IKK, phosphorylates IκBα on serine

κB for nuclear translocation and target gene activation.

suppresses IκBα synthesis to drive NF κB activation

Bα levels, with 

κB and 

κB activation by endoplasmic 



Considering the effects that VX-445 exerted upstream (IκBα, p-

STAT3) and downstream in the inflammatory process (IL-6, COXII), these 

results suggest a multi-target anti-inflammatory effect highlighting its potential 

as a therapeutic agent in ER stress-related pathologies. 

The ER and mitochondria are not only organelles in physical contact at 

MAMs, but their proper function also depends on a tight functional cross-talk. 

A recent study on Wolfram syndrome (SW), a neurodegenerative disorder 

caused by mutations in the ER transmembrane protein genes (WFS1 or 

CISD2) clearly illustrates this relationship: these mutations disrupt ER–

mitochondria interactions, impair Ca²⁺ transfer and mitochondrial function, and 



ultimately lead to bioenergetic deficits and oxidative 

–

Alzheimer’s, Parkinson’s, and Huntington’s disease

⁺



vulnerability to lesions during Parkinson’s 

o define “optimal” ΔΨm values is difficult because an 

excessively high ΔΨm promotes an exponentially 

ROS, with potential pathological effects. However, an excessively low ΔΨm is 

, leading to “reductive stress”, a condition that is as 

or these reasons to keep the value of ΔΨm in the 
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