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Abstract 

The aminopyrrolidine amide PF-429242 is a specific inhibitor of the Site-1 Protease 

which is responsible for the cleavage, and thus the activation of the Activating 

Transcription Factor 6 that down regulates many genes, during the Unfolded Protein 

Response. We hypothesized that PF-429242 could be used to prevent the ATF6-

dependent down regulation of some genes. We chose the CFTR gene encoding the 

CFTR chloride channel as a model because it is down-regulated by ATF6 in Cystic 

Fibrosis. We evaluated the action of PF-429242 in human bronchial cells expressing 

the most frequent mutation of CFTR (p.Phe508del) found in patients. We observed 

that PF-429242 increases the synthesis of the mRNA and the protein encoded by the 

CFTR gene harbouring the mutation. We also observed that PF-429242 alleviates the 

defects of the p.Phe508del-CFTR channel in human Cystic Fibrosis cells. Our results 

suggest that aminopyrrolidine amide is a potential therapeutic target for Cystic 

Fibrosis that could also have beneficial effects in other diseases involving CFTR, such 

as the Chronic Obstructive Pulmonary Disease. 
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1. Introduction 

Aminopyrrolidine amide (PF-429242) is a competitive and reversible inhibitor of 

the Site-1 Protease (S1P) which is a unique membrane-bound serine protease of the 

Golgi apparatus [1-3]. PF-429242 was obtained by high throughput screening of 

Pfizer’s compounds [1, 2]. S1P is responsible for cholesterol-sensitive cleavage of the 

transcription factor sterol regulatory element binding protein (SREBP) that regulates 

numerous lipogenic genes involved in the cholesterol and fatty acid synthesis [4]. It 

also cleaves the Activating Transcription Factor 6 (ATF6) which is one of the three 

arms of the Unfolded Protein Response (UPR) that is triggered when cells are exposed 

to a stress such as the retention of misfolded proteins within the endoplasmic 

reticulum (ER), infections or inflammation [5, 6]. UPR is a normal physiological 

cellular recovery process regulating the protein load in the ER [7]. When it is 

triggered, ATF6 is cleaved by S1P and the cleaved form is translocated to the nucleus 

where it initiates a transcriptional program to restore ER homeostasis by promoting the 

synthesis of chaperone proteins, by regulating lipid synthesis, by stimulating ER-

associated protein degradation and by enhancing N-glycosylation [8, 9]. Nevertheless, 

it also negatively regulates many genes. The Cystic Fibrosis Transmembrane 

conductance Regulator (CFTR) gene which is involved in Cystic Fibrosis (CF) is one 

of these down regulated genes [10-13]. It encodes the CFTR protein which acts as a 

chloride (Cl-) channel in the membrane of the cells, that maintains, in a reciprocal 

interaction with the Epithelial Sodium Channel (ENaC), the proper hydration of the 

epithelial mucus layer [14-16]. In CF, more than 2106 gene variants have been 

identified, the most frequent and clinically relevant being p.Phe508del. It affects the 

synthesis, the membrane localization and the function of the encoded protein 

(p.Phe508del-CFTR) [17-18]. The consequence in the lung, together with the lost 

inhibition of ENaC, is a more viscous mucus that diminishes the mucociliary clearance 

and enables pathogens to develop, inducing chronic infection and inflammation [19-

22]. Whereas the altered lung function is the main cause of morbidity and mortality in 

CF, many organs are affected such as those from the digestive and the reproductive 

tracts.  

Because PF-429242 inhibits S1P, we hypothesized that it could prevent the down-

regulation of target genes of ATF6 such as CFTR. We chose CFTR as a model because 

it is involved in a lethal genetic disease, because ATF6 is cleaved in CF and because 

both the expression and the function of the CFTR channel can be classically studied.  

Our hypothesis was tested in human bronchial cells expressing the p.Phe508del 

mutation. We used the CFBE41o- cells which are immortalized human bronchial 

epithelial cells from a CF homozygous patient for the P.Phe508del mutation [23-25]. 

They were transduced to express the wild-type CFTR (CFBE41o-/wt) or the mutated 

CFTR (CFBE41o-/P.Phe508del), in order to have control and CF cells with the same 

genetic background [25]. They are the main cells used in CF research and were thus 

cultured as previously described [24]. To inhibit the cleavage of ATF6, cells were 

incubated with 10µM Aminopyrrolidine amide (4-[[Diethylamino]methyl]-N-[2-[2-

methoxyphenyl] ethyl]-N-[3R]-3-pyrrolidinylbenzamide, PF-429242, Tocris) (Fig. 

1A). We tested its toxicity in our cell model despite it did not show any toxicity in 

mice [1]. We used a colorimetric MTT (3-[4,5-dimethylthiazol-2-yl]-2.5-

Diphenyltetrazolium bromide) test (EMD Millipore, USA), according to the 

manufacturer’s instructions. The assay showed that PF-429242 did not induce any 

toxicity in our cells (Fig. 1B). 
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Figure 1. Cell viability 

A. Molecular representation of PF-429242. B. Cells were 

treated (10 µM, 48 hours; n=5) and their viability was assessed 

and compared to that of untreated cells (n=5). The bar graph is 

the representation of the statistical analysis which indicates 

that PF-429242 has no toxic effect in our cell model.  

 

In eukaryotic cells the ER is involved in the synthesis and assembly of membrane 

and secreted proteins. These processes are tightly controlled by the ER quality control 

system to ensure the proper conformation of proteins [26]. This is important because 

the accumulation of misfolded proteins in the ER represents a cellular threat called ER 

stress [27]. To cope with the ER stress that can also be due to inflammation or 

infection, the cells trigger a physiological signalling increasing the folding, the 

maturation and/or the degradation of the proteins overloading the ER. This process is 

called the UPR [6, 28]. The main sensor of the UPR is the molecular chaperone 

immunoglobulin heavy chain-binding protein/glucose regulated protein of 78 kDa 

(BiP/GRP78) which detects the presence of unfolded proteins [29]. Three ER 

membrane proteins convey this information to the two primary effectors systems, the 

ER stress response element (ERSE) and the UPR response element (UPRE). These 

three proteins are the protein kinase RNA-like ER kinase (PERK) [30], the inositol-

requiring enzyme 1 (IRE1 α/β) [31] and ATF6 [32]. They define the three axes of the 

UPR in mammals. BiP is therefore considered as the main regulator of the UPR and is 

commonly used as a marker of the UPR [33]. 

BiP expression was assessed in cell lysates of CFBE41o-/wt and CFBE41o-

/P.Phe508del cells by western blots (Fig. 2A, left panel) which were performed as 

previously described, using a rabbit polyclonal anti-GRP78 primary antibody (SC-

13968, SantaCruz Biotechnology) and a horseradish peroxidase conjugated secondary 

antibody (1/20,000, Goat anti-rabbit A0545, Servilab) [11]. We also assessed the 

expression of the full-length ATF6 (90 kDa) using a rabbit polyclonal anti-ATF6 

antibody (09-069, EMD Millipore) (Fig. 2A, left panel). Because during UPR ATF6 is 

cleaved by S1P and its active form (50 kDa) is translocated to the nucleus, we assessed 

the presence of this active form by western blottings, in nuclear fractions (Fig. 2A, left 

panel) which were prepared as previously described [11]. The statistical analysis of the 

signals showed that the expression of BiP, ATF6 and of the cleaved form of ATF6 

were significantly increased in CFBE41o-/P.Phe508del cells, comparatively to the 

cells expressing the wt-CFTR (Fig. 2A, right panel). The triggering of UPR in our 

cells was further shown by the increased expression of the mRNA of IRE1, PERK and 

XBP1 which showed that IRE1 is active [34], by RT-PCR (Fig. 2B, upper panel). The 

primers were for IRE1α, forward: 5′-gaaaaggaatccctggatgg and reverse: 5′-

tcagagggcgtctggagtc; for XBP1, forward: 5′-cagcgcttggggatggatgc and reverse: 5′-

gggcttggtatatatgtgg; for PERK, forward: gactacatatggactcagtgc5′- and reverse: 
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agatgtcctcccttcttac 5′-; for Actin, forward: 5′- gttgctatccaggctgtg and reverse: 5′-

cactgtgttggctacag. The thermal cycling conditions were 95 °C for 15 min followed by 

40 cycles at 94 °C for 30 sec, 61 °C for 30 sec and 72 °C for 1 min and a final 

extension at 72 °C for 10 min. The housekeeping β-actin gene was used as a control. 

We observed that all mRNA were significantly increased in the cells expressing 

P.Phe508del-CFTR (Fig. 2B, lower panel). Therefore, UPR was activated in our 

CFTR-defective cell model, as previously suggested [11, 35, 36].  
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Figure 2. UPR is triggered in CFBE41o-/P.Phe508del cells.  
A. The left panel shows examples of the detection of BiP and ATF6 proteins in total 

lyzates of CFBE41o- cells overexpressing either the wt- or the P.Phe508del-CFTR. 

The cleaved form of ATF6 (50kDa) was detected in the nuclear fractions from the 

same cells. The right panel is the bar graph representation of the statistical analysis of 

the expression of BiP (n = 6), ATF6 90 kDa (n = 6) and ATF6 50 kDa (n = 5) in 

CFBE41o-/wt and in CFBE41o-/P.Phe508del cells. The optical densities of the bands 

shown in the left panel were normalized by the optical density of Actin. The 

normalized optical densities in wt- and in the P.Phe508del-CFTR cells were then 

compared (Student’s t test). A significant increased expression of BiP and ATF6 (90 

kDa form) was observed in the cells expressing the mutated CFTR. The active form of 

ATF6 (50 kDa) was increased in the nuclear fractions of cells expressing the 

P.Phe508del-CFTR protein. We observed e residual presence of this form of ATF6 in  

CFBE41o-/wt cells.  B. The upper image is a representative mRNA detection of IRE1, 

PERK and XBP1. The lower panel is the bar graph representation of the statistical 
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analysis. The mRNA expression of PERK and XBP1 were significantly increased in 

P.Phe508del-CFTR cells. The augmented expression of IRE1 was not significant but 

the expression of XBP1 shows that it is activated. The results are expressed as mean ± 

standard error of the mean (SEM). Differences between experimental groups were 

evaluated by a two-tailed unpaired Student’s t test and were considered statistically 

significant when p <0.05 (*); p <0.01 (**) and p <0.001 (***). 

 

 

Finally, because S1P is the target of PF-429242, we compared its expression 

between cells expressing wt-CFTR and p.Phe508del-CFTR by western blots using a 

polyclonal anti-S1P antibody (SC-20757, SantaCruz Biotechnology). No significant 

difference in the expression of S1P was observed, indicating that the observed effects 

of PF-429242 are due to the drug itself and not to a decreased expression of S1P in our 

model. (Fig. 3). 

 
Figure 3. Expression of S1P protease in cells expressing Wt- and 

P.Phe508del-CFTR 

The left image shows a representative immunodetection of S1P (110 

kDa) in cells expressing either wt- or P.Phe508del-CFTR. The optical 

density of the bands for S1P were normalized by the optical density of 

Actin. The normalized values obtained in cells expressing the wt- or 

P.Phe508del-CFTR  were compared using a two-tailed unpaired 

Student’s t test. The right image shows the corresponding statistical 

analysis of the expression of S1P (n = 6). No significant difference was 

observed between the two cell lines. 

 

To appreciate the effect of PF-429242 upon the Cl- channel function of CFTR, we 

performed patch-clamp experiments in the whole cell configuration, in untreated and 

treated cells expressing p.Phe508del-CFTR. The methodology was previously 

described [37-39]. The specificity of the responses were assessed using the CFTR’s 

activators forskolin (10µM, Sigma) and genistein (30µM, Sigma) and the CFTR’s 

inhibitor CFTRinh172 (10 µM, Sigma). We used the corrector of p.Phe508del-CFTR, 

VX-809 (Lumacaftor, Euromedex) as a positive control [40]. The recorded I/V curves 

after normalization of the currents by capacitances are shown in Fig. 4A. 

Unsurprisingly, the currents in CFBE41o-/wt cells (118,8±21,09 pA/pF) were 
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significantly higher than in CFBE41o-/ P.Phe508del cells (32,98±14,71 pA/pF). We 

observed that the Cl- currents were higher in treated cells than in untreated cells. This 

was confirmed by the statistical analysis (Fig. 4B) showing that PF-429242 treatment 

leads to a significant increased channel function of P.Phe508del-CFTR (82,67±22,26 

pA/pF). Because VX-809 is a recognized corrector of p.Phe508del-CFTR [41, 42], we 

used it to compare its effects to the PF-429242 treatment. No difference was observed 

between PF-429242 and VX-809, regarding the Cl- efflux. This point is of importance 

because VX-809 is used in patients [42] 

 
Figure 4. The Cl- channel activity of P.Phe508del-CFTR is partially 

restored by PF-429242.  
A. The top image shows a representative current-voltage (I-V) relationships 

in treated wt-CFTR cells (light grey), P.Phe508del-CFTR cells (dark grey), 

P.Phe508del-CFTR cells treated with VX-809 (medium grey) and in treated 

P.Phe508del-CFTR cells treated with PF-429242 (10 µM, 48 hours). B. The 

bar graphs show the statistical analysis of CFTR function in wt-CFTR cells 

(n = 5), P.Phe508del-CFTR cells (n = 6), P.Phe508del-CFTR cells treated 

with VX-809 cells (n = 3) and in P.Phe508del-CFTR cells treated with PF-

429242 (n = 5). The analysis was performed using pA/pF values at +80mV. 

An important and significant increase (+152%) was observed in PF-429242 

treated cells when compared to untreated cells. The Cl- channel function of 

P.Phe508del-CFTR was increased to the same extend with PF-429242 or 

VX-809. The results obtained in cells expressing wt-CFTR were not 

different in the presence or in the absence of PF-429242. 
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In order to explain the restoration of the Cl- channel function of P.Phe508del-CFTR 

by aminopyrrolidine amide, the transcription of the channel was studied by real-time 

quantitative PCR, using the forward 5′-atgcccttcggcgatgtttt and reverse 5′- 

tgattcttcccagtaagagaggc primers. Figure 5A is the bar graph representation of the 

statistical analysis of the 2-ΔCt using β-Actin as a housekeeping gene and non-treated 

cells as a reference [43]. PF-429242 significantly increased the mutated gene 

expression. Because the expression of P.Phe508del-CFTR is very low in CFBE41o- 

cells, we used the Chinese hamster ovary cell model (BHK) in which the membrane 

localisation of CFTR can be studied [44]. The cells were expressing a CFTR with a 3-

Haemaglutinin (HA)-epitope tag  that was recognized by an anti-HA antibody which 

was recovered by magnetic beads and detected by immunoblot, as previously 

described [44]. As expected, because it is the hallmark of the p.Phe508del mutation, 

the mature form of CFTR (C band, 170 kDa) was observed in the cells expressing the 

wt-CFTR and was absent in P.Phe508del-CFTR cells (Fig. 5B) [15]. In cells 

expressing p.Phe508del-CFTR, the mature form of CFTR was only observed after PF-

429242 treatment (lane 5), indicating that PF-429242 induces the exportation of the 

mutated CFTR to the membrane. This explains the observed increased Cl- currents. 

We show here that PF-429242 does not improves the intrinsic function of CFTR but 

increases the quantity of channels within membranes. 

 
Figure 5. Detection of P.Phe508del-CFTR before and 

after treatment with PF-429242.  

A. The transcription of p.phe508del-CFTR before and 

after treatment with PF-429242 was assessed by real-time 

quantitative PCRs. The bar graph represents the statistical 

analysis and shows that PF-429242 significantly increases 

the gene expression of p.phe508del-CFTR (n=3). B. The 
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tagged wt- and P.Phe508del-CFTR present within cell 

membranes were detected with an anti-HA antibody. The 

image shows and example of the detection in the 

following samples: 1, Negative control (wt-CFTR cells not 

incubated with anti-HA antibody); 2, wt-CFTR cells 

incubated with anti-HA antibody; 3, P.Phe508del-CFTR 

cells not incubated with the anti-HA antibody; 4, 

P.Phe508del-CFTR cells incubated with anti-HA 

antibody; 5, PF-429242 treated P.Phe508del-CFTR cells 

incubated with anti-HA antibody and 6, Supernatant of the 

magnetic beads. No CFTR was detected in the negative 

control lane (1). The mature form of CFTR (C band) was 

observed in wt-CFTR cells and was absent in 

P.Phe508del-CFTR cells. In P.Phe508del-CFTR cells the 

mature form of CFTR, representing the CFTR within 

membrane, was only observed after PF-429242 treatment 

(lane 5). 

 

We hypothesized that the inhibition of the cleavage of ATF6 by the inhibition of 

S1P by Aminopyrrolidine amide, could alleviate the down regulation of the CFTR 

gene. CFTR is involved in CF which is the most common inherited lethal genetic 

disease in the Caucasian population. Therefore, if our hypothesis was verified, it 

would be of interest for the patients, despite the great advances that have been made in 

the treatment of CF through the development of new therapies such as Trikafta [48]. 

Indeed, while 90% of patients with CF can now benefit of this drug with great clinical 

benefits, a fraction (10%) remains without any therapeutic option. Whereas the 

triggering of UPR in CF is still in debate (for review, [6]), we showed that ATF6 is 

cleaved in the most frequently used CFTR defective cell model, indicating that it was 

relevant in our study. We treated cells with PF-429242 and we observed that the 

function of the p.Phe508del-CFTR Cl- channel was increased in link with its 

significantly increased expression (mRNA and protein).  

The active form of ATF6 links the promoters of UPR target genes inducing the 

transcription of ER chaperones, proteins of the quality control of the ER and of the 

ER-associated degradation [45, 46, 49-51]. Therefore, it was possible that the 

observed effects upon P.Phe508del-CFTR were due to the modulation of the 

expression of ATF6-depedent genes. In a previous work (unpublished), we performed 

a proteomic analysis of differentially expressed proteins after treatment of the cell 

lines used in the present work, by a nonspecific S1P inhibitor (AEBSF). Two-

dimensional Gel Electrophoresis (Ettan IPGphor 3, GE Healthcare) were performed to 

compare the protein expressions, before and after treatment. The proteins exhibiting 

variations of at least 2 fold in their expression, which was measured by PDQuest 

Basic-8.0.1 (BioRad), were identified by mass spectrometry (LC-MS/MS) using a 

LTQ-Orbitrap Spectrometer. Databases interrogation was performed using X!Tandem 

Piledriver (v2015.04.01.1) and X!Tandem Pipeline (v 3.4.2 ≪ Elastine Durcie ≫). We 

found that the expression of HNRNPH1 and HNRH3 were decreased and that the 

expression of PDIA3 (Grp58), HSP7C, GRP75 and HSP71 were increased, in treated 

cells. We performed a bibliographic analysis to characterise these proteins. A 

summary of their function and possible involvement in CF is given in Table 1. The 

H1and H3 members of the HRNPs family are regulators of alternative splicing [52, 

53]. They modulate the mRNAs processing and the alternative splicing of CFTR [54] 
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but in view of the bibliography it is not clear how they could explain the observed 

effects upon the function of P.Phe508del-CFTR. PDIA3 (Protein disulfide-isomerase 

A3) is a stress-responsive disulfide isomerase of the ER that in link with calnexin and 

calreticulin, corrects the folding of glycoproteins [55, 56]. Its increased expression in 

our cells favours the refolding of P.Phe508del-CFTR, likely explaining why an 

increased amount of P.Phe508del-CFTR was observed in the treated cells. Its 

overexpression also indicates that PF-429242 has a beneficial effect on P.Phe508del-

CFTR because it was shown to be up-regulated when P.Phe508del-CFTR is 

chemically rescued [57]. HSP71 (Heat Shock Protein 71 kDa, HspA1A) belongs to the 

HSP70s family and binds misfolded proteins to prevent their aggregation [58]. The 

previously described P.Phe508del-CFTR/Hsp70 complex permits the degradation of 

P.Phe508del-CFTR [59]. Because we observed an increased expression of the HSP71 

in the presence of the drug, it likely eliminates unfoldable P.Phe508del-CFTR and 

favours the refolding of some reversely unfolded P.Phe508del-CFTR. Among 

HSP70s, HSP7C is involved in the proper folding of P.Phe508del-CFTR by a direct 

PPI [60, 61]. Its increased expression is in favour of a greater folding and exportation 

of P.Phe508del-CFTR to the membrane. GRP75 (Glucose-regulated protein 75), is 

also a member of the HSP70s family involved in intracellular trafficking [62]. Because 

it ensures the final localization of proteins, protects them against stress and is up-

regulated when P.Phe508del-CFTR is rescued [57, 63], its overexpression likely leads 

to the recovery of some mutated CFTR, explaining our results. By analogy, we 

propose that theses differentially expressed proteins are involved in the positive effects 

of PF-429242. 

The protein network in which a protein takes place is an indicator of the pathway in 

which it is involved. Thus, we search for Protein-Protein Interactions (PPI) involving 

PDIA3, HSP7C, GRP75 and HSP7, using STRING 10.0 (Search Tool for the Retrieval 

of Interacting Genes and Proteins, http://string-db.org/). The search parameters were as 

following: all PPI prediction methods were enabled except for High-throughput Lab 

Experiments; maximum of 5 interactions by node; cut-off criteria of combined score ≥ 

0.9 (highest confidence permitted in STRING); Homo sapiens. Unexpectedly, we 

found that all the proteins that were modulated when S1P is inhibited have Ubiquitin C 

(UBC) as a common partner (Fig. 6).  
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Figure 6. PPI networks of the differentially expressed proteins when 

S1P is inhibited.  
Graphs for HNRNPH1, HNRH3, PDIA3, HSP7C, GRP75 and HSP71 were 

retrieved. We gathered the graphs and drew a new graph showing that 

Ubiquitin C (UBC) is a common interacting protein. The graph shows the 

query proteins (red nodes) and the first shell of interactions. It can be 

noticed that HSP7C and HSP71, as well as UBC, do directly interact with 

CFTR. Edges represent experimentally determined PPI (pink). Blue edges 

represent protein homologies. CFTR in the network is shown by red arrows.  

 

This result was further confirmed by the analysis of the relevant bibliography for each 

interaction HNRNPH1-UBC [64]; HNRH3-UBC [65]; PDIA3 (Grp58)-UBC [66]; 

HSP7C- HSP71- and GRP75- UBC [67]. As any proteins, both wt- and p.Phe508del-

CFTR undergo ubiquitination and degradation [67]. The overexpression of UBC 

would not explain the increased quantity of P.Phe508del-CFTR in cell membranes 

because it is involved in the degradation of CFTR despite the fact that Ubiquitin C-
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terminal hydrolase-L1, is highly expressed in CF airway epithelial cells, with a 

positive correlation between its expression and the steady state levels of P.Phe508del-

CFTR cells. Nevertheless, the promoter of the stress-regulated polyubiquitin gene 

contains heat shock elements (HSEs) which mediate UBC induction upon stress. Three 

HSEs exist that all bind transcription factors belonging to the heat shock factor (HSF) 

family. The proximal HSE is a negative regulator of the stress-induced transcription 

[68]. Therefore, if a HSE with a negative role on the transcription is overexpressed, it 

could explain why in our hands, more P.Phe508del-CFTR is present in the membrane. 

This is reinforced by our previous results showing a pivotal role of UBC as a modifier 

gene in CF [69]. The summary of our findings in schematically represented in Fig. 7. 

 
Figure 7. Schematic representation of the effect of Aminopyrrolidine 

amide in cells expressing P.Phe508del-CFTR. Black arrows show the 

normal processing of P.Phe508del-CFTR and normal ubiquitination process. 

Red arrows show the positive effects of the inhibition of the cleavage of 

ATF6 upon P.Phe508del-CFTR, according with the known effects of each 

protein which were highlighted in the present work. Red dashed lines 

indicate the possible side effects of Hsc70 and Hsp70. 

 

2. Conclusion 

Our result indicate that aminopyrrolidine amide restores the expression of a gene 

which is down-regulated by the active form of ATF6. In our model, it alleviates the 

p.Phe508del-CFTR defects through the modulation of the expression of its mRNA 

maturation, protein folding and degradation, as previously reported in ATF6 -/- cells 

[70]. Interestingly, the CFTR’s modifier gene UBC is involved [69]. Finally, we show 
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here that the serine protease inhibitor PF-429242 is a potential drug candidate that can 

restore the expression of genes that are down-regulated by the active form of ATF6. 

Based on the present results, it can be postulated that the drug could be a new drug 

candidate in disease involving CFTR such as CF or chronic obstructive pulmonary 

disease [71].    

 

Acknowledgements 

The authors thank the associations “Vaincre la Mucoviscidose” and G.Saleün. 

  



16 

 

References 

 

[1] B. A. Hay et al., « AmiNopyrrolidineamide inhibitors of site-1 protease », 

Bioorg. Med. Chem. Lett., vol. 17, No 16, p. 4411‑4414, août 2007, doi: 

10.1016/j.bmcl.2007.06.031. 

[2] J. L. Hawkins et al., « Pharmacologic inhibition of site 1 protease activity inhibits 

sterol regulatory element-binding protein processing and reduces lipogenic 

enzyme gene expression and lipid synthesis in cultured cells and experimental 

animals », J. Pharmacol. Exp. Ther., vol. 326, No 3, p. 801‑808, sept. 2008, doi: 

10.1124/jpet.108.139626. 

[3] H. Tadros, N. G. Seidah, M. Chrétien, et M. Mbikay, « Genetic mapping of the 

gene for SKI-1/S1P protease (locus symbol Mbtps1) to mouse chromosome 8 », 

DNA Seq. J. DNA Seq. Mapp., vol. 13, No 2, p. 109‑111, avr. 2002, doi: 

10.1080/10425170290030042. 

[4] M. S. Brown et J. L. Goldstein, « A proteolytic pathway that controls the 

cholesterol content of membranes, cells, and blood », Proc. Natl. Acad. Sci. U. S. 

A., vol. 96, No 20, p. 11041‑11048, sept. 1999, doi: 10.1073/pnas.96.20.11041. 

[5] J. Ye et al., « ER stress induces cleavage of membrane-bound ATF6 by the same 

proteases that process SREBPs », Mol. Cell, vol. 6, No 6, p. 1355‑1364, déc. 

2000, doi: 10.1016/s1097-2765(00)00133-7. 

[6] P. Trouvé, C. Férec, et E. Génin, « The Interplay between the Unfolded Protein 

Response, Inflammation and Infection in Cystic Fibrosis », Cells, vol. 10, No 11, 

p. 2980, Nov. 2021, doi: 10.3390/cells10112980. 

[7] C. Hetz, K. Zhang, et R. J. Kaufman, « Mechanisms, regulation and functions of 

the unfolded protein response », Nat. Rev. Mol. Cell Biol., vol. 21, No 8, p. 

421‑438, août 2020, doi: 10.1038/s41580-020-0250-z. 

[8] M. Li et al., « ATF6 as a transcription activator of the endoplasmic reticulum 

stress element: thapsigargin stress-induced changes and synergistic interactions 

with NF-Y and YY1 », Mol. Cell. Biol., vol. 20, No 14, p. 5096‑5106, juill. 2000, 

doi: 10.1128/mcb.20.14.5096-5106.2000. 

[9] K. Zhang et R. J. Kaufman, « Signaling the unfolded protein response from the 

endoplasmic reticulum », J. Biol. Chem., vol. 279, No 25, p. 25935‑25938, juin 

2004, doi: 10.1074/jbc.R400008200. 

[10] J. R. Riordan et al., « Identification of the cystic fibrosis gene: cloning and 

characterization of complementary DNA », Science, vol. 245, No 4922, p. 

1066‑1073, sept. 1989, doi: 10.1126/science.2475911. 

[11] M. Kerbiriou, M.-A. Le Drévo, C. Férec, et P. Trouvé, « Coupling cystic fibrosis 

to endoplasmic reticulum stress: Differential role of Grp78 and ATF6 », Biochim. 

Biophys. Acta, vol. 1772, No 11‑12, p. 1236‑1249, déc. 2007, doi: 

10.1016/j.bbadis.2007.10.004. 

[12] A. Rab, R. Bartoszewski, A. Jurkuvenaite, J. Wakefield, J. F. Collawn, et Z. 

Bebok, « Endoplasmic reticulum stress and the unfolded protein response 

regulate geNomic cystic fibrosis transmembrane conductance regulator 

expression », Am. J. Physiol. Cell Physiol., vol. 292, No 2, p. C756-766, févr. 

2007, doi: 10.1152/ajpcell.00391.2006. 

[13] Z. Bebok et al., « Failure of cAMP agonists to activate rescued deltaF508 CFTR 

in CFBE41o- airway epithelial moNolayers », J. Physiol., vol. 569, No Pt 2, p. 

601‑615, déc. 2005, doi: 10.1113/jphysiol.2005.096669. 



17 

 

[14] M. P. Anderson et al., « Demonstration that CFTR is a chloride channel by 

alteration of its anion selectivity », Science, vol. 253, No 5016, p. 202‑205, juill. 

1991, doi: 10.1126/science.1712984. 

[15] D. P. Rich et al., « Expression of cystic fibrosis transmembrane conductance 

regulator corrects defective chloride channel regulation in cystic fibrosis airway 

epithelial cells », Nature, vol. 347, No 6291, p. 358‑363, sept. 1990, doi: 

10.1038/347358a0. 

[16] B. K. Berdiev, Y. J. Qadri, et D. J. BeNos, « Assessment of the CFTR and ENaC 

association », Mol. Biosyst., vol. 5, No 2, p. 123‑127, févr. 2009, doi: 

10.1039/b810471a. 

[17] J. S. Elborn, « Cystic fibrosis », Lancet Lond. Engl., vol. 388, No 10059, p. 

2519‑2531, Nov. 2016, doi: 10.1016/S0140-6736(16)00576-6. 

[18] E. B. Burgener et R. B. Moss, « Cystic fibrosis transmembrane conductance 

regulator modulators: precision medicine in cystic fibrosis », Curr. Opin. 

Pediatr., vol. 30, No 3, p. 372‑377, juin 2018, doi: 

10.1097/MOP.0000000000000627. 

[19] G. B. Pier et al., « Role of Mutant CFTR in Hypersusceptibility of Cystic 

Fibrosis Patients to Lung Infections », Science, vol. 271, No 5245, p. 64‑67, janv. 

1996, DOI: 10.1126/science.271.5245.64 

[20] D. S. Armstrong, K. Grimwood, R. CarziNo, J. B. Carlin, A. Olinsky, et P. D. 

Phelan, « Lower respiratory infection and inflammation in infants with newly 

diagNosed cystic fibrosis. », BMJ, vol. 310, No 6994, p. 1571‑1572, juin 1995, 

doi: 10.1136/bmj.310.6994.1571 

[21] H. Corvol et al., « Distinct cytokine production by lung and blood neutrophils 

from children with cystic fibrosis », Am. J. Physiol. Lung Cell. Mol. Physiol., vol. 

284, No 6, p. L997-1003, juin 2003, doi: 10.1152/ajplung.00156.2002. 

[22] M. Cohen-CymberkNoh, E. Kerem, T. Ferkol, et A. Elizur, « Airway 

inflammation in cystic fibrosis: molecular mechanisms and clinical 

implications », Thorax, vol. 68, No 12, p. 1157‑1162, déc. 2013, doi: 

10.1136/thoraxjnl-2013-203204. 

[23] E. Bruscia, F. Sangiuolo, P. Sinibaldi, K. K. Goncz, G. Novelli, et D. C. 

Gruenert, « Isolation of CF cell lines corrected at DeltaF508-CFTR locus by 

SFHR-mediated targeting », Gene Ther., vol. 9, No 11, p. 683‑685, juin 2002, 

doi: 10.1038/sj.gt.3301741. 

[24] K. Kunzelmann, E. M. Schwiebert, P. L. Zeitlin, W. L. Kuo, B. A. Stanton, et D. 

C. Gruenert, « An immortalized cystic fibrosis tracheal epithelial cell line 

homozygous for the delta F508 CFTR mutation », Am. J. Respir. Cell Mol. Biol., 

vol. 8, No 5, p. 522‑529, mai 1993, doi: 10.1165/ajrcmb/8.5.522. 

[25] B. Illek, R. Maurisse, L. Wahler, K. Kunzelmann, H. Fischer, et D. C. Gruenert, 

« Cl transport in complemented CF bronchial epithelial cells correlates with 

CFTR mRNA expression levels », Cell. Physiol. Biochem. Int. J. Exp. Cell. 

Physiol. Biochem. Pharmacol., vol. 22, No 1‑4, p. 57‑68, 2008, doi: 

10.1159/000149783. 

[26] K. Araki et K. Nagata, « Protein folding and quality control in the ER », Cold 

Spring Harb. Perspect. Biol., vol. 4, No 8, p. a015438, août 2012, doi: 

10.1101/cshperspect.a015438. 

[27] R. J. Kaufman, « Stress signaling from the lumen of the endoplasmic reticulum: 

coordination of gene transcriptional and translational controls », Genes Dev., vol. 

13, No 10, p. 1211‑1233, mai 1999, doi: 10.1101/gad.13.10.1211. 



18 

 

[28] C. Y. Liu et R. J. Kaufman, « The unfolded protein response », J. Cell Sci., vol. 

116, No Pt 10, p. 1861‑1862, mai 2003, doi: 10.1242/jcs.00408. 

[29] J. A. Morris, A. J. Dorner, C. A. Edwards, L. M. Hendershot, et R. J. Kaufman, 

« ImmuNoglobulin binding protein (BiP) function is required to protect cells 

from endoplasmic reticulum stress but is Not required for the secretion of 

selective proteins », J. Biol. Chem., vol. 272, No 7, p. 4327‑4334, févr. 1997, doi: 

10.1074/jbc.272.7.4327. 

[30] Y. Shi et al., « Identification and characterization of pancreatic eukaryotic 

initiation factor 2 alpha-subunit kinase, PEK, involved in translational control », 

Mol. Cell. Biol., vol. 18, No 12, p. 7499‑7509, déc. 1998, doi: 

10.1128/mcb.18.12.7499. 

[31] J. S. Cox, C. E. Shamu, et P. Walter, « Transcriptional induction of genes 

encoding endoplasmic reticulum resident proteins requires a transmembrane 

protein kinase », Cell, vol. 73, No 6, p. 1197‑1206, juin 1993, doi: 10.1016/0092-

8674(93)90648-a. 

[32] C. Zhu, F. E. Johansen, et R. Prywes, « Interaction of ATF6 and serum response 

factor », Mol. Cell. Biol., vol. 17, No 9, p. 4957‑4966, sept. 1997, doi: 

10.1128/mcb.17.9.4957. 

[33] Y. Kozutsumi, M. Segal, K. Normington, M. J. Gething, et J. Sambrook, « The 

presence of malfolded proteins in the endoplasmic reticulum signals the 

induction of glucose-regulated proteins », Nature, vol. 332, No 6163, p. 462‑464, 

mars 1988, doi: 10.1038/332462a0. 

[34] H. Yoshida, T. Matsui, A. Yamamoto, T. Okada, et K. Mori, « XBP1 mRNA is 

induced by ATF6 and spliced by IRE1 in response to ER stress to produce a 

highly active transcription factor », Cell, vol. 107, No 7, p. 881‑891, déc. 2001, 

doi: 10.1016/s0092-8674(01)00611-0. 

[35] R. Bartoszewski et al., « Activation of the unfolded protein response by 

deltaF508 CFTR », Am. J. Respir. Cell Mol. Biol., vol. 39, No 4, p. 448‑457, oct. 

2008, doi: 10.1165/rcmb.2008-0065OC. 

[36] C. J. Blohmke et al., « Atypical activation of the unfolded protein response in 

cystic fibrosis airway cells contributes to p38 MAPK-mediated innate immune 

responses », J. ImmuNol. Baltim. Md 1950, vol. 189, No 11, p. 5467‑5475, déc. 

2012, doi: 10.4049/jimmuNol.1103661. 

[37] F. Huguet et al., « Function and regulation of TRPM7, as well as intracellular 

magnesium content, are altered in cells expressing ΔF508-CFTR and G551D-

CFTR », Cell. Mol. Life Sci. CMLS, vol. 73, No 17, p. 3351‑3373, 2016, doi: 

10.1007/s00018-016-2149-6. 

[38] C. Farre, S. Stoelzle, C. Haarmann, M. George, A. Brüggemann, et N. Fertig, 

« Automated ion channel screening: patch clamping made easy », Expert Opin. 

Ther. Targets, vol. 11, No 4, p. 557‑565, avr. 2007, doi: 

10.1517/14728222.11.4.557. 

[39] N. Benz et al., « Improvement of chloride transport defect by gonadotropin-

releasing hormone (GnRH) in cystic fibrosis epithelial cells », PloS One, vol. 9, 

No 2, p. e88964, 2014, doi: 10.1371/journal.pone.0088964. 

[40] C. M. Farinha, M. Sousa, S. Canato, A. Schmidt, I. Uliyakina, et M. D. Amaral, 

« Increased efficacy of VX-809 in different cellular systems results from an early 

stabilization effect of F508del-CFTR », Pharmacol. Res. Perspect., vol. 3, No 4, 

p. e00152, août 2015, doi: 10.1002/prp2.152. 



19 

 

[41] F. Van Goor et al., « Correction of the F508del-CFTR protein processing defect 

in vitro by the investigational drug VX-809 », Proc. Natl. Acad. Sci. U. S. A., vol. 

108, No 46, p. 18843‑18848, Nov. 2011, doi: 10.1073/pnas.1105787108. 

[42] C. E. Bear, « A Therapy for Most with Cystic Fibrosis », Cell, vol. 180, No 2, p. 

211, janv. 2020, doi: 10.1016/j.cell.2019.12.032. 

[43] M. W. Pfaffl, « A new mathematical model for relative quantification in real-time 

RT-PCR », Nucleic Acids Res., vol. 29, No 9, p. e45, mai 2001, doi: 

10.1093/nar/29.9.e45. 

[44] G. W. Carlile et al., « Correctors of protein trafficking defects identified by a 

Novel high-throughput screening assay », Chembiochem Eur. J. Chem. Biol., vol. 

8, No 9, p. 1012‑1020, juin 2007, doi: 10.1002/cbic.200700027. 

[45] K. Yamamoto, H. Yoshida, K. Kokame, R. J. Kaufman, et K. Mori, « Differential 

contributions of ATF6 and XBP1 to the activation of endoplasmic reticulum 

stress-responsive cis-acting elements ERSE, UPRE and ERSE-II », J. Biochem. 

(Tokyo), vol. 136, No 3, p. 343‑350, sept. 2004, doi: 10.1093/jb/mvh122. 

[46] T. Okada et al., « A serine protease inhibitor prevents endoplasmic reticulum 

stress-induced cleavage but Not transport of the membrane-bound transcription 

factor ATF6 », J. Biol. Chem., vol. 278, No 33, p. 31024‑31032, août 2003, doi: 

10.1074/jbc.M300923200. 

[47] R. Bartoszewski, A. Rab, L. Fu, S. Bartoszewska, J. Collawn, et Z. Bebok, 

« CFTR expression regulation by the unfolded protein response », Methods 

Enzymol., vol. 491, p. 3‑24, 2011, doi: 10.1016/B978-0-12-385928-0.00001-8. 

[48] K. Ridley et M. Condren, « Elexacaftor-Tezacaftor-Ivacaftor: The First Triple-

Combination Cystic Fibrosis Transmembrane Conductance Regulator 

Modulating Therapy », J. Pediatr. Pharmacol. Ther. JPPT Off. J. PPAG, vol. 25, 

No 3, p. 192‑197, 2020, doi: 10.5863/1551-6776-25.3.192. 

[49] K. Mori, « Tripartite management of unfolded proteins in the endoplasmic 

reticulum », Cell, vol. 101, No 5, p. 451‑454, mai 2000, doi: 10.1016/s0092-

8674(00)80855-7. 

[50] Y. Adachi, K. Yamamoto, T. Okada, H. Yoshida, A. Harada, et K. Mori, « ATF6 

is a transcription factor specializing in the regulation of quality control proteins 

in the endoplasmic reticulum », Cell Struct. Funct., vol. 33, No 1, p. 75‑89, 2008, 

doi: 10.1247/csf.07044. 

[51] F. DamiaNo, R. Tocci, G. V. GNoni, et L. Siculella, « Expression of citrate 

carrier gene is activated by ER stress effectors XBP1 and ATF6α, binding to an 

UPRE in its promoter », Biochim. Biophys. Acta, vol. 1849, No 1, p. 23‑31, janv. 

2015, doi: 10.1016/j.bbagrm.2014.10.004. 

[52] R. Martinez-Contreras, J.-F. Fisette, F. H. Nasim, R. Madden, M. Cordeau, et B. 

Chabot, « Intronic binding sites for hnRNP A/B and hnRNP F/H proteins 

stimulate pre-mRNA splicing », PLoS Biol., vol. 4, No 2, p. e21, févr. 2006, doi: 

10.1371/journal.pbio.0040021. 

[53] B. Carpenter et al., « The roles of heterogeneous nuclear ribonucleoproteins in 

tumour development and progression », Biochim. Biophys. Acta, vol. 1765, No 2, 

p. 85‑100, avr. 2006, doi: 10.1016/j.bbcan.2005.10.002. 

[54] C. S. Chu, B. C. Trapnell, S. Curristin, G. R. Cutting, et R. G. Crystal, « Genetic 

basis of variable exon 9 skipping in cystic fibrosis transmembrane conductance 

regulator mRNA », Nat. Genet., vol. 3, No 2, p. 151‑156, févr. 1993, doi: 

10.1038/ng0293-151. 



20 

 

[55] C. TuraNo, S. Coppari, F. Altieri, et A. Ferraro, « Proteins of the PDI family: 

unpredicted Non-ER locations and functions », J. Cell. Physiol., vol. 193, No 2, 

p. 154‑163, Nov. 2002, doi: 10.1002/jcp.10172. 

[56] R. B. Freedman, T. R. Hirst, et M. F. Tuite, « Protein disulphide isomerase: 

building bridges in protein folding », Trends Biochem. Sci., vol. 19, No 8, p. 

331‑336, août 1994, doi: 10.1016/0968-0004(94)90072-8. 

[57] O. V. Singh, H. B. Pollard, et P. L. Zeitlin, « Chemical rescue of deltaF508-

CFTR mimics genetic repair in cystic fibrosis bronchial epithelial cells », Mol. 

Cell. Proteomics MCP, vol. 7, No 6, p. 1099‑1110, juin 2008, doi: 

10.1074/mcp.M700303-MCP200. 

[58] J. Radons, « The human HSP70 family of chaperones: where do we stand? », 

Cell Stress Chaperones, vol. 21, No 3, p. 379‑404, mai 2016, doi: 

10.1007/s12192-016-0676-6. 

[59] Y. Yang, S. Janich, J. A. Cohn, et J. M. Wilson, « The common variant of cystic 

fibrosis transmembrane conductance regulator is recognized by hsp70 and 

degraded in a pre-Golgi Nonlysosomal compartment », Proc. Natl. Acad. Sci. U. 

S. A., vol. 90, No 20, p. 9480‑9484, oct. 1993, doi: 10.1073/pnas.90.20.9480. 

[60] J. M. Younger et al., « A foldable CFTR{Delta}F508 biogenic intermediate 

accumulates upon inhibition of the Hsc70-CHIP E3 ubiquitin ligase », J. Cell 

Biol., vol. 167, No 6, p. 1075‑1085, déc. 2004, doi: 10.1083/jcb.200410065. 

[61] M. D. Amaral, « CFTR and chaperones: processing and degradation », J. Mol. 

Neurosci. MN, vol. 23, No 1‑2, p. 41‑48, 2004, doi: 10.1385/JMN:23:1-2:041. 

[62] L. Xu, L. A. Voloboueva, Y. Ouyang, J. F. Emery, et R. G. Giffard, 

« Overexpression of mitochondrial Hsp70/Hsp75 in rat brain protects 

mitochondria, reduces oxidative stress, and protects from focal ischemia », J. 

Cereb. Blood Flow Metab. Off. J. Int. Soc. Cereb. Blood Flow Metab., vol. 29, 

No 2, p. 365‑374, févr. 2009, doi: 10.1038/jcbfm.2008.125. 

[63] P. R. Dores-Silva, L. R. S. Barbosa, C. H. I. Ramos, et J. C. Borges, « Human 

mitochondrial Hsp70 (mortalin): shedding light on ATPase activity, interaction 

with adeNosine nucleotides, solution structure and domain organization », PloS 

One, vol. 10, No 1, p. e0117170, 2015, doi: 10.1371/journal.pone.0117170. 

[64] F. Lopitz-Otsoa et al., « Integrative analysis of the ubiquitin proteome isolated 

using Tandem Ubiquitin Binding Entities (TUBEs) », J. Proteomics, vol. 75, No 

10, p. 2998‑3014, juin 2012, doi: 10.1016/j.jprot.2011.12.001. 

[65] J. M. R. Danielsen et al., « Mass spectrometric analysis of lysine ubiquitylation 

reveals promiscuity at site level », Mol. Cell. Proteomics MCP, vol. 10, No 3, p. 

M110.003590, mars 2011, doi: 10.1074/mcp.M110.003590. 

[66] T. Gururaja, W. Li, W. S. Noble, D. G. Payan, et D. C. Anderson, « Multiple 

functional categories of proteins identified in an in vitro cellular ubiquitin affinity 

extract using shotgun peptide sequencing », J. Proteome Res., vol. 2, No 4, p. 

394‑404, août 2003, doi: 10.1021/pr034019n. 

[67] K. Xiao et al., « Functional specialization of beta-arrestin interactions revealed 

by proteomic analysis », Proc. Natl. Acad. Sci. U. S. A., vol. 104, No 29, p. 

12011‑12016, juill. 2007, doi: 10.1073/pnas.0704849104. 

[68] R. Crinelli, M. Bianchi, L. Radici, E. Carloni, E. Giacomini, et M. Magnani, 

« Molecular Dissection of the Human Ubiquitin C Promoter Reveals Heat Shock 

Element Architectures with Activating and Repressive Functions », PloS One, 

vol. 10, No 8, p. e0136882, 2015, doi: 10.1371/journal.pone.0136882. 



21 

 

[69] P. Trouvé, E. Génin, et C. Férec, « In silico search for modifier genes associated 

with pancreatic and liver disease in Cystic Fibrosis », PloS One, vol. 12, No 3, p. 

e0173822, 2017, doi: 10.1371/journal.pone.0173822. 

[70] J. Wu et al., « ATF6alpha optimizes long-term endoplasmic reticulum function to 

protect cells from chronic stress », Dev. Cell, vol. 13, No 3, p. 351‑364, sept. 

2007, doi: 10.1016/j.devcel.2007.07.005. 

[71] E. Fernandez Fernandez, C. De Santi, V. De Rose, et C. M. Greene, « CFTR 

dysfunction in cystic fibrosis and chronic obstructive pulmonary disease », 

Expert Rev. Respir. Med., vol. 12, No 6, p. 483‑492, juin 2018, doi: 

10.1080/17476348.2018.1475235. 

[72] J. Shang, « Quantitative measurement of events in the mammalian unfolded 

protein response », Methods San Diego Calif, vol. 35, No 4, p. 390‑394, avr. 

2005, doi: 10.1016/j.ymeth.2004.10.012. 

[73] J. G. Elliott, J. D. Oliver, et S. High, « The thiol-dependent reductase ERp57 

interacts specifically with N-glycosylated integral membrane proteins », J. Biol. 

Chem., vol. 272, No 21, p. 13849‑13855, mai 1997, doi: 

10.1074/jbc.272.21.13849. 

[74] S. C. Kaul, C. C. Deocaris, et R. Wadhwa, « Three faces of mortalin: a 

housekeeper, guardian and killer », Exp. Gerontol., vol. 42, No 4, p. 263‑274, 

avr. 2007, doi: 10.1016/j.exger.2006.10.020. 

[75] D. Mahé et al., « Cloning of human 2H9 heterogeneous nuclear 

ribonucleoproteins. Relation with splicing and early heat shock-induced splicing 

arrest », J. Biol. Chem., vol. 272, No 3, p. 1827‑1836, janv. 1997, doi: 

10.1074/jbc.272.3.1827. 

[76] J. Demand, J. Lüders, et J. Höhfeld, « The carboxy-terminal domain of Hsc70 

provides binding sites for a distinct set of chaperone cofactors », Mol. Cell. Biol., 

vol. 18, No 4, p. 2023‑2028, avr. 1998, doi: 10.1128/mcb.18.4.2023. 



22 

 

Table 1. Spots identification by MS. 
Accession 

number 

UniProtKB 

Description MW Pi Coverage % log(E value) 

P31943 

HNRNPH1_HUM

AN  Heterogeneous 

nuclear 

ribonucleoprotein 

49,1 5.89 38 -102,2701645 

P31942-2 

HNRH3_HUMAN  

Isoform 2 of 

heterogeneous 

nuclear 

ribonucleoprotein 

H3 

35,1 6.36 28 -48,68246078 

P30101 

PDIA3_HUMAN  

Protein disulfide-

isomerase A3 

56,7 5.98 45 -172,0068665 

P11142 

HSP7C_HUMAN  

Heat shock cognate 

71 kDa protein 

(HspA8) 

70,8 5.87 37 -132,8794556 

P38646 
GRP75_HUMAN  

Stress-70 protein 
73,5 5.87 18 -58,63391113 

P0DMV8 

(New 

Nomenclat

ure) 

HSP71_HUMAN  

Heat shock 70 kDa 

protein HspA1A/ 

HspA1B 

69,9 5.47 29 -126,2914658 
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Table 2. Summary of the highlighted protein analysis. 

Protein 

Behaviour 

when 

ATF6 is 

inhibited 

Protein function Involvement in CF 

HNRNPH1 Decreased 

HNRNPH1 belongs to heterogeneous nuclear 

ribonucleoprotein complexes and mediates 

pre-mRNA alternative splicing regulation. It 

inhibits alternative splicing in neurons [55]. 

Involved in the post-

transcriptional 

mRNA processing of 

CFTR [72]. 

HNRH3 Decreased 

Ribonucleoprotein are responsible for RNA 

splicing and processing [55]. 

 

Involved in the post-

transcriptional 

mRNA processing of 

CFTR [72]. 

PDIA3 

(Grp58) 
Increased 

PDIA3 is a member of the protein disulfide 

isomerase family mainly present in the ER. It 

is a chaperone and a disulfide-reshuffling 

enzyme [56]. Together with calnexin and 

calreticulin, it is involved in the correct folding 

of glycoproteins within the ER [73]. 

Grp 58 kDa/PDIA3 

is present in CFTR’s 

complex and is up-

regulated when 

P.Phe508del-CFTR 

is chemically or 

genetically rescued 

[57]. 

HSP7C 

(HspA8) 
Increased 

Hsc70 forms a cytosolic complex with CHIP 

E3 and cooperates with the ER membrane 

associated ubiquitin ligase complex to favour 

triage of proteins [60]. 

Hsc70 together with 

Hsp70, is involved in 

the folding of 

P.Phe508del-CFTR 

[60]. 

GRP75 Increased 

GRP75 is involved in the stress response, the 

intracellular trafficking and the cell 

differentiation and proliferation [74]. 

GRP75 is up-

regulated when 

P.Phe508del-CFTR 

is chemically or 

genetically rescued 

[75]. 

HSP71 

(HspA1A) 

(HspA1B) 

Increased 

Protects the proteome from stress. It is 

involved in the folding and transport of 

polypeptides, the activation of proteolysis of 

misfolded proteins. It has a pivotal role in the 

protein quality control system of misfolded 

proteins and in their targeting to degradation 

[76]. 

Hsp70 associates 

with both Wt-CFTR 

and P.Phe508del-

CFTR. It dissociates 

from Wt-CFTR 

when it is transported 

from the ER to the 

Golgi. P.Phe508del -

CFTR/Hsp70 forms 

a stable complex 

permitting the 

degradation of 

P.Phe508del-CFTR 

in the pre-Golgi, 

[60]. 

 

 

 




