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Abstract

Background: Rats treated with silicon dioxide (SiO,) induced endoplasmic reticulum (ER) hyper-acetylation in
pulmonary tissues and correlated with increased ER stress and lung tissue injury. Silicosis is a severe
occupational disease caused by long-term inhalation of silica particles and is characterized by pulmonary
fibrosis, dysfunction, and infection. Protein post-translational (PTM) modifications are involved in many
physiological and pathological processes, with hyper-acetylation involved in autophagy, apoptosis, protein
folding, and metabolism. In our silicosis rat model, resident ER protein acetylation interfered with correct

protein folding and increased unfolded or misfolded proteins in the ER, consistent with increased abnormal
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protein levels and stress in the ER.

Objectives: We investigated lung fibrosis mechanisms in silicosis-induced rats by analyzing proteomics and
acetylation omics.

Methods and results: Excessive acetylation of protein disulfide isomerase (PDI) inactivated protein function.
Also, ER stress abnormally activated three receptors and induced apoptosis in alveolar epithelial cell, the
mesenchymal transition of smooth muscle, and the abnormal activation of inflammatory factors, which caused
lung fibrosis.

Conclusions: PDI inactivation due to excessive acetylation caused abnormal protein maturation and
accumulation leading to ER stress, and is a putative lung fibrosis mechanism in our silicosis-induced rat model.
Keywords: Fibrosis; Endoplasmic reticulum stress; Lysine acetylation; Post-translational modification; Protein

disulfide isomerase

Introduction

Silicosis

Silicosis is a common occupational disease caused by exposure to free Silicon Dioxide (SiO,) particles and is
characterized by lung fibrosis and silicon nodule formation [1]. These pathogenic processes occur over several
steps: (1) Alveolar Macrophages (AMs) engulf silica and induce AM death; (2) Excessive inflammatory
cytokine secretion causes lung inflammatory damage; and (3) Fibroblasts are transformed into myofibroblasts
which cause excessive extracellular matrix deposition and eventual silicosis fibrosis [2]. Silicosis is a severe
public health global concern. Although preventive and monitoring measures are largely in place, disease
prevalence and frequency remain high. According to the Chinese Ministry of Health, more than 23 million
workers were exposed to silica particles, with a silicosis mortality rate of 23.1% from 1949 to 2008 [3,4].
Although many studies have explored SiO; silicosis toxicity and identified complex biological and molecular
mechanisms, no effective therapies exist to treat silicosis.

Post-translational modification (PTM) and acetylation

Protein PTM is a non-histone modification and a vital regulatory mechanism in the eukaryotic proteome which
includes several different PTM types: phosphorylation, glycosylation, acetylation, methylation, and

ubiquitylation. Lysine acetylation is a conserved PTM in prokaryotes and eukaryotes. In recent years, several
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studies reported that non-histone protein acetylation had important roles in physiology and disease, including
protein folding, autophagy, metabolism, and gene transcription [5]. Acetylation affects protein activity and
protein stability by neutralizing positive charges in lysine [6]. Protein acetylation occurs in nuclear, cytoplasm,
mitochondria, while N-acetylation occurs in the Endoplasmic Reticulum (ER). According to “ER acetyl-lysine
proteomics”, ER-resident and ER-transiting proteins undergo N-lysine acetylation in the ER. The main
ER-resident proteins chaperone proteins and participating protein folding and PTMs. Additionally, ER
acetylation regulates ER homeostasis by regulating autophagy and managing correctly folded polypeptides [7].
ER stress

The ER is an important organelle for the transportation, protein-folding, modification, and control of newly
synthesized proteins. The ER maintains cellular protein homeostasis, with complex protein homeostasis
networks involving disulfide catalysts, molecular chaperones, and regulators [8]. When unfolded or misfolded
protein accumulation occurs in the ER, homeostasis is disturbed, stress is induced, and the Unfolded Protein
Response (UPR) activated via genes involved in protein folding and anti-oxidative mechanisms. UPR signaling
is initiated by three ER-membrane-associated proteins: (1) PKR-like eukaryotic initiation factor 2a kinase
(PERK/elf2a), (2) Inositol-Requiring Enzyme 1 (IRE1/Sxbpl), and (3) Activating Transcription Factor 6 (ATF6)
[9]. (1) PERK is an elF2a phosphorylated kinase - elF2a phosphorylation is related to inflammation and several
metabolic diseases, and activates expression of the transcription factor AFT4 and downstream targets such as
pro-apoptosis factor CCAAT/enhancer-binding homologous (CHOP) and DNA damage proteins related to
growth arrest (GADD34/PPP1R15a) [10]. (2) Activated IRE1la displays endonuclease activity, which transforms
the mRNA encoding transcription factor XBP1 into activated XBP1. Activated IREla is oligomeric,
auto-phosphorylated, and promotes mRNA and microRNA degradation [11]. (3) Under ER stress, ATF6 is
transported to the Golgi apparatus and cleaved, then transported to the nucleus to promote expression of XBP-1
and genes related to ER protein degradation. Normally, these three pathways bind to the immunoglobulin heavy
chain-Binding Protein (BiP) chaperone to maintain an inactive status. Active BiP (GRP 78) manages protein
folding and maintains a balance between misfolded protein export and polypeptide import [12]. However, when
ER stress is excessive, ER dysfunction occurs. Under chronic or prolonged ER stress, activated UPR joins
different cellular signaling pathways implicated in fibrotic disorders in several organs, such as the kidney, liver,

and lung [13-15]. Additionally, studies have shown that ER stress and UPR signaling in individual cell types are
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linked to myofibroblast activation, macrophage polarization, and Epithelial Mesenchymal Transition (EMT)
[16].

Protein disulfide isomerase (PDI)

PDlIs function as enzymatic chaperones; they help reconstruct misfolded proteins in the ER and are involved in
ER stress and the UPR. PDI family members contain thioredoxin-like catalytic a domain modules and
non-catalytic b domains. The a domain contains CXXC active-site motifs, while b domains join substrates and
provide interaction sites for co-factors [17]. Disulfide bond formation in the ER depends on PDI and
oxidoreductase. It is important for the ER to correctly fold transmembrane and secretory proteins. The nature of
disulfide bond formation is redox reaction and the nature of thioglycolate. Disulfide bond formation depends on
thiol groups on cysteine side chain residues in proteins. The local thiol group microenvironment influences PDI
activity; positive charges adjacent to thiol groups make them more nucleophilic and provide stable electrostatic
attractions for reactions with deprotonated thioates [18]. PTMs have functional roles in highly conserved
CXXC-flanking residues in mammalian PDlIs; they affect oxidoreductase and thiol-reductase activity by limiting
active site motion which is associated with disease [19-29]. PDIAL has important roles in protein folding, but a
structurally abnormal protein contributes to delayed disulfide bond formation [21]. Pathogenic PDIA3 features
lead to the formation of protein aggregates, reduced enzymatic activity, and abnormal protein-protein
interactions [22]. For example, PDlInitrosylation reduces PDI activity and is implicated in several
neurodegenerative diseases, such as amyotrophic lateral sclerosis and Alzheimer’s disease [23,24]. In high
glucose environments, the CXXC active site in PDI is succinylated and decreases PDI activity, abnormal
proteins are accumulated in the ER, and the UPR is activated [25]. Thus, PTMs in PDI may trigger ER stress

and lead to disease; however, PDI acetylation mechanisms in silicosis remain unclear.

Materials and Methods

Study animals

Our three adult Sprague Dawley rat silicosis models and the other three control models complied with the Guide
for the Care and Use of Laboratory Animals (National Institutes of Health publication humber 85-23, revised
1996). The study was authorized by the animal care and use committee of the Second affiliated Hospital of Xi‘an

Jiao Tong University.

www.megajournalofcasereports.com



The silicosis model

Silica particles (50 mg/ml) were sterilized at 120°C for 30 min and administered to rats by tracheal instillation
under narcotism. Control rats were administered the same volume of sterilized saline. After one week, rats were
humanely euthanized by injection with 10% KCL and the lungs of both groups fixed in 4% paraformaldehyde.
Histological scoring and Masson’s staining

Right lower lung tissue was fixed in 4% neutral formalin solution for 48 h, followed by sequential dehydration,
paraffin embedding, and serial 4-um thick sections generated. Samples were hematoxylin & eosin (H&E)
stained (BA4025, Baso Diagnostics Inc., China) to estimate lung tissue damage. Tissue sections were also
stained using a Masson’s staining protocol.

Total protein extraction

Lung tissue (from control and silicosis animals) was ground in liquid nitrogen and subjected to lysis buffer
containing 100 mM NH4HCO; (pH 8.0), 6 M urea, and 0.2% sodium dodecyl sulfate, followed by 5 min
ultrasonication on ice. Lysates were centrifuged at 12000 x g for 15 min at 4°C and supernatants collected.
Samples were reduced in 10 mM dithiothreitol for 1 h at 56°C, and alkylated with sufficient iodoacetamide for 1
h at room temperature in the dark. Then, samples were vortexed in four volumes of precooled acetone and
incubated at -20°C for at least 2 h. Samples were recentrifuged and precipitates collected. After washing twice in
cold acetone, pellets were dissolved in dissolution buffer, which contained 0.1 M triethylammonium bicarbonate
(TEAB, pH 8.5) and 6 M urea.

Trypsin digestion

Supernatants, containing 10 mg protein, were digested in Trypsin Gold (Promega) at a 1:50 enzyme-to-substrate
ratio. After 16 h digestion at 37°C, peptides were desalted on a C18 cartridge column to remove urea, and
desalted peptides dried by vacuum centrifugation.

Tandem Mass Tag (TMT) labeling

To 120 pg protein, a protein solution was added up to 100 pl, then 3 pl trypsin (1 pg/ul) and 500 pl TEAB buffer
(50 mM) were added, mixed, and incubated overnight at 37°C. Then, 100 pl 1% formic acid was added, mixed,
incubated at room temperature, and centrifuged at 12000 x g for 5 min. The supernatant was passed through a
C18 desalting column, washed three times in 1 ml cleaning solution (1% formic acid and 4% acetonitrile),

washed two times in 0.4 ml eluent, and eluted. Then, 100 ul TEAB buffer (0.1 M) and 41 pl acetonitrile were
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added to dissolve the TMT marks at the room temperature.

Immunoaffinity enrichment of lysine-acetylated peptides

After trypsin digestion, lyophilized peptides were resuspended in MOPS IPA buffer (50 mM MOPS, 10 mM
KH,PQO,, and 50 mM NacCl), while pH 7 was maintained with 1 M Tris, and centrifuged for 5 min at 12000 x g.
Supernatants were mixed with anti-acetyl-lysine beads (CST#13416, Cell Signaling Technology) for 2.5 h,
centrifuged for 30 s at 3000 x g at 4°C, the beads washed three times in MOPS IAP buffer, and recentrifuged for
30 s at 3000 x g at 4°C. Then, 15% TFA was added, samples incubated at room temperature for 10 min, and
centrifuged three times for 2 min at 3000 x g. For liquid chromatography with tandem mass spectrometry
(LC-MS/MS) analysis, peptides were desalted using peptide desalting spin columns (89852, Thermo Fisher).
Take ammonia with a final concentration of 8 for reaction, marking with equal volume to obtain 9 samples,
mixing, desalting and freeze drying.

LC-MS/MS analysis

For shotgun proteomics analyses, we used an EASY-nLCTM 1200 UHPLC system (Thermo Fisher) coupled to
an Orbitrap Q Exactive HF-X MS operating in data-dependent acquisition mode. Peptides were separated on an
analytical column (15 cm % 150 pm, 1.9 pm) using a 120 min linear gradient in 5%—-100% eluent B (0.1% FA in
80% acn) and eluent A (0.1% FA in H,0) at a 600 nl/min flow rate. The gradient was: 5%-10% B for 2 min;
10%-40% B for 105 min; 40%-50% B for 5 min; 50%-90% B for 3 min; and 90%-100% B for 5 min. A
QExactive HF-x MS was operated in positive polarity mode with a spray voltage = 2.3 kV and capillary
temperature = 320°C. Full MS scans, ranging from 350-1500 m/z, were acquired at a resolution of 60000 (at
200 m/z) with an automatic gain control (AGC) target value = 3x10° and a maximum ion injection time = 20 ms.
The 40 most abundant precursor ions from full MS scans were selected for fragmentation using higher energy
collisional dissociation fragment analysis at a resolution of 15000 (200 m/z) with an AGC target value of 5e4, a
maximum ion injection time = 80 ms, a normalized collision energy = 27%, an intensity threshold = 1.3e4, and a
dynamic exclusion parameter = 30 s.

Data analysis

Corresponding databases were searched according to data generated by MS. According to the database
(344833-X101SC19121138-Z02-mus+homo-uniprot.fasta (272302 sequences) identified the protein. MS quality

was assessed by analyzing the mass tolerance of peptides, proteins, and parent ions. Then, protein quantitative
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and differential analyses were conducted. Finally, differentially expressed proteins (DEPS) were annotated using
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) functional analyses. Based on
the fact that protein molecular weights are altered when post-translationally modified, weights will be accurately
determined by MS. Using protein quantitative and modification enrichment technology to quantitatively analyze
PTMs and identify different modified sites and proteins.

Results

Lung fibrosis in the silicosis model

H&E staining of lung tissue in silicosis rats showed increased alveolar septal thickness and inflammatory cell
infiltration when compared with control animals. More lung fibrosis was observed in silicosis than control rats.
When compared with control animals, silicosis rats had increased collagen deposition. Lung fibrosis scoring in
the lung tissue in silicosis rats, based on Szapiel’s method, was higher when compared with control lungs.
Proteomics analysis

From the proteomics analysis of rat tissue, we identified 7685 proteins and determined DEPS between groups. A
volcano map was used to show protein expression trends. In total, 242 proteins in lung tissue from
silicosis-induced rats showed significant changes (P<0.05, log2 FC<-1 or log2 FC>1). When compared with
control animals, silicosis-induced rats expressed 144 significantly up-regulated proteins while 98 proteins were
significantly down-regulated. To further understand how DEPs regulated Biological Processes (BPs) related to
silicosis pulmonary fibrosis, we used GO function enrichment analysis. In GO biological processes, DEPs were
mainly involved in protein activation, protein synthesis, immune responses, and the regulation of external
stimuli. These results were consistent with pathological processes caused by silicon particles during lung
fibrosis.

DEP analysis of acetylation PTMs in the silicosis model

The lung tissues of model and control groups were examined using acetylation protein proteomics. We detected
4259 acetylation sites; 2951 were common sites in proteins, while 508 were different, including 201 and 307
significantly up- and down-regulated signatures, respectively. Moreover, 223 acetylated proteins were
significantly different between groups. Acetylated protein heat map analysis showed that 101 acetylated proteins
were up-regulated and 122 down-regulated (P<0.05, log2 FC<-1 or log2 FC >1) in the silicosis model. In

peptide acetylation site analysis, most proteins had a single acetylation site, with no more than three sites. We
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also analyzed different acetylation levels in the silicosis model using GO and KEGG function enrichment
analyses. Based on GO annotations, proteins with acetylation differences were enriched in different BPs,
including metabolic and biosynthetic pathways, immune responses, and cell proliferation. From KEGG pathway
enrichment analyses, acetylated proteins were significantly related to biomass metabolism, amino acid synthesis,
and protein degradation. Functional enrichment analyses of GO and KEGG terms showed that acetylated PTMs
in model rats were significant for protein synthesis and degradation, metabolism, and immune responses.
Subcellular organelle localization analysis showed that acetylated proteins were located in the nucleus,
mitochondria, and cytoplasm, consistent with acetylation functions.

TMT and acetylomics

Further proteomic and acetylomic analyses showed that 126 proteins were differentially identified and 47
proteins were significantly up-regulated. GO enrichment annotation analysis of up-regulated proteins indicated
that most were involved in protein synthesis and maturation processes, apoptosis, ER macrophagocytosis,
extracellular matrix composition, and immune responses. These BPs were associated with silica-induced
inflammation and fibrosis toxicology in the lung. From these protein analyses, PDI attracted our attention. Our
results showed free differences in proteomics, while in acetylomics it was significantly upregulated in terms of
acetylation. P4AHB (proly4-hydroxylase, b polypeptide) belongs to the PDI family, is an ER resident, and is
involved in protein folding and maturation. Abnormal protein folding causes aberrant protein formation and
induces ER stress, which leads to pathological processes such as cell death, inflammatory responses, and EMT.

These processes are consistent with tissue fibrosis.

Discussion

Silicosis is a common occupational disease. Long-term SiO, particle inhalation causes irreversible lung tissue
damage and progressive lung function degeneration; however, no effective treatments are currently available.
The toxic effects of SiO, particles on ER stress are known, but the underlying mechanisms require exploration.
In this study, we analyzed acetylation omics in a silicosis-lung rat model and provided valuable disease and
potential therapeutic insights. In cellular regulation networks, protein PTMs alters proteins and affects stability
and activity. Because acetylated proteins occur at such low percentages in the proteome, their proteomic

dissection is challenging. In our study, we identified three acetylation upregulated proteins P4AHB, PDIA3, and
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PPIB in the ER. P4HB (also known as PDIAL) is a PDI gene family member and is mainly localized to the ER.
P4HB contains multiple acetylation sites which regulate protein activity by neutralizing positive charges in
lysine. Thus, hyper-acetylation reduces protein activity and disturbs interactions between P4HB proteins.
Weakened P4HB activity forms abnormal disulfide bonds and cross-linking between these bonds. Thus, chronic
and prolonged misfolding exceeds ER self-regulation, leads to a disordered ER, and UPR signaling becomes
activated via the three sensors: PERK, IRE1, and ATF6. The fibrogenic effects of ER stress are transduced by
many lung cell types such as alveolar epithelial cells, fibroblasts, and alveolar macrophages.

Apoptosis

Fibrosis and silicon lung remodeling are related to alveolar epithelial cell apoptosis. Each of the three UPR
sensors promotes different apoptosis outputs, which eventually lead to cell necrosis. The three UPRs regulate
CHOP activation which is a central ER stress mediator. CHOP is involved in apoptotic pathways by
upregulating pro-apoptotic gene activity and downregulating anti-apoptotic genes such as B-cell-lymphoma 2[%°!.
In a study shows that proapoptotic transcription factor CHOP, ATF6, and ATF4 stain in the AECII with fibrosis
tissue under ER stress results in AECII apoptosis [27]. Additionally, chronic ER stress increased the
oligomerization state of IREla, which over-activates RNase domains in the cytoplasm and degrades various
RNAs, including RNA precursors which inhibit apoptosis thereby promoting apoptosis [28]. Under ER stress,
IREla becomes auto-phosphorylated, and phosphorylated IRE1a regulates c-Jun NH2-terminal kinase (JNK)
activity, which increases regulated IRE1-dependent mMRNA and promotes cell death [29]. Importantly, silica
induces apoptosis in alveolar macrophages via ER stress [30].

Inflammation

ER stress pathways control several signal pathways and factors, such as INK and NF-xB, which are involved in
immunoregulation via protein and gene expression [31]. The UPR, via IRE-1a, induces TNF receptor-associated
factor2 (TRAF2) signaling to upregulate pro-inflammatory transcription factors such as NF-kB which is
important in lung epithelial cell-activated silica-induced proinflammatory signaling [32]. ER stress is associated
with inflammasomes via IRE-la. Inflammasomes activate cysteine protease-1, which initiates cell death
pathways and cleaves pro-interleukin (IL)-b, pro-1L-18, and pro-I1L-33 to generate mature IL-b, IL-18, and
IL-33 molecules [33]. Silica induces in vitro IL-1b via inflammasomes [32,34]. Evidence also shows that ER

stress induces inflammatory factors such as IL-b and IL-18, which have prominent roles in SiO,-induced
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inflammation and fibrosis [35]. ER stress alters the phenotypes of immune/inflammatory cells, especially
macrophages. A previous study indicated that M2 type cells were dominant in pulmonary fibrosis, and that ER
stress promoted M2 macrophage transformation.

EMT

ER stress also induces phenotypic metastasis in epithelial cells, and is required for fibroblast transformation to
myofibroblasts in a fibrosis background [36]. Myofibroblasts secrete more collagens and extracellular matrix
components which cause fibrosis [37]. A recent study demonstrated that silica-induced pulmonary fibrosis in
mice was manifested by the extracellular deposition of collagen, fibronectin, and laminin [38]. A previous report
also revealed that ER stress contributed to EMT in the Alveolar Epithelial Cell 11 (AECII) when exposed to SiO,
particles [39]. Current evidence now shows that ER stress and UPR accelerate epithelial cell death, enhance
inflammatory factor secretion, and promote cell differentiation induced-EMT in silica-induced models.
Autophagy

Autophagy is also involved in fibrosis development. Autophagy is a physiological process which helps regulate
cell homeostasis; the process clears dysfunctional organelle, misfolded or unfolded proteins, and microorganism
lysosomes to maintain ER homeostasis [40]. Autophagy also has key roles in acute and chronic lung diseases
[41]. In our acetyl-proteomic analyses, the ER-resident proteins P4AHB, PDIA3, and PPIB were acetylation
upregulated thereby potentially inhibiting autophagy. Some studies suggested that long-term autophagy
inhibition promoted renal fibrosis [42,43], hepatic fibrosis [44], heart failure [45], and neurodegeneration [46].
Specifically, our data indicated that autophagy inhibition may promote inflammation and fibrosis from silicosis
[47].

We also observed that Fatty Acid Synthase (FASN) and lactic dehydrogenase (LDH) expression were both
upregulated in silicosis rats. In a previous silicosis mouse model, LDH activity was upregulated, with airway
protective agents reducing this activity [48]. FASN is involved in the de novo synthesis of fatty acids. Previous
evidence indicated that lipid metabolism was implicated in inflammation and fibrosis [49,50], with pro-fibrotic
Transformating Growth Factor-B(TGF-B) signaling required for FASN function [51]. However, acetylation
mechanisms are unclear for LDH and FASN. However, many acetylated sites are enriched in energy metabolism
pathways, therefore silicosis development may be metabolically related. More studies are required to explore

this. Our study had some limitations. First, acetylation proteomics was based on lung tissue and did not identify
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differences in cell types. Macrophages, fibroblasts, and AECII are involved in silicosis, but acetylation
modification involved in regulating cell function and differentiation has been demonstrated in some studies. In
future studies, we will clarify cell functions with respect to acetylation in SiO?-induced rat models. Additionally,
lung silicosis is a dynamic pathological process, from SiO? phagocytosis by macrophages to fibrosis. The
molecular biology effects of silicosis should be observed at later stages to understand molecular mechanisms at
different periods. Finally, our study was conducted without any quantitative analysis of acetylation activity,

therefore we will address this in future studies.

Funding
This work was supported by the National Natural Science Foundation of China (81903268) grant to Jian-zhong

Li.

Author Contributions

Dr Jian-tao Jiang supervises and managers the study. Dr. Jian-zhong Li contributes to design the study and
review the manuscript, Dr. Hong-yang Shi contributes to data curation. Min-xia Zhu contributed to transcript
omics and proteomics analyses, and also wrote the original draft. Song-yu Gong contributes to validation. All

authors read and approved the final manuscript. These authors contributed equally to this article.

Acknowledgments
We gratefully acknowledge funding from the National Natural Science Foundation of China. We kindly

acknowledge the anonymous reviewers for their valuable comments.

References

1. Hoy RF, Chambers DC. Silica-related diseases in the modern world. Allergy. 2020;75(11):2805-17.

2. Mossman BT, Churg A. Mechanisms in the pathogenesis of asbestosis and silicosis. Am J Respir Crit

Care Med. 1998;157(5):1666-80.

3. Chen W, Liu Y, Wang H, et al. Long-term exposure to silica dust and risk of total and cause-specific

mortality in Chinese workers: a cohort study. PLoS Med. 2012;9(4):¢1001206.

4, Xue C, Wu N, Fan Y, Ma J, Ye Q. Distinct metabolic features in the plasma of patients with silicosis

www.megajournalofcasereports.com

11


https://pubmed.ncbi.nlm.nih.gov/31989662/
https://pubmed.ncbi.nlm.nih.gov/9603153/
https://pubmed.ncbi.nlm.nih.gov/9603153/
https://pubmed.ncbi.nlm.nih.gov/22529751/#:~:text=Conclusions%3A%20Long%2Dterm%20silica%20dust,deaths%20due%20to%20cardiovascular%20disease.
https://pubmed.ncbi.nlm.nih.gov/22529751/#:~:text=Conclusions%3A%20Long%2Dterm%20silica%20dust,deaths%20due%20to%20cardiovascular%20disease.
https://pubmed.ncbi.nlm.nih.gov/33731064/

10.

11.

12.

13.

14.

15.

16.

17.

and dust-exposed workers in China: a case-control study. BMC Pulm Med. 2021:21(1):91.

Choudhary C, Kumar C, Gnad F, et al. Lysine acetylation targets protein complexes and co-requlates

major cellular functions. Science. 2009;325(5942):834-40.

Narita T, Weinert BT, Choudhary C. Functions and mechanisms of non-histone protein acetylation. Nat

Rev Mol Cell Biol. 2019;20(3):156-74.

Peng Y, Puglielli L. Ne-lysine acetylation in the lumen of the endoplasmic reticulum: A way to regulate

autophagy and maintain protein homeostasis in the secretory pathway. Autophagy. 2016;12(6):1051-2.

Oakes SA, Papa FR. The role of endoplasmic reticulum stress in human pathology. Annu Rev Pathol.

2015;10:173-94.

Hotamisligil GS, Davis RJ. Cell Signaling and Stress Responses. Cold Spring Harb Perspect Biol.

2016;8(10):a006072.

Namba T, Tanaka K, Ito Y, et al. Positive role of CCAAT/enhancer-binding protein homologous protein,

a_transcription factor involved in the endoplasmic reticulum stress response in the development of

colitis. Am J Pathol. 2009;174(5):1786-98.

Hollien J, Lin JH, Li H, Stevens N, Walter P, Weissman JS. Requlated Irel-dependent decay of

messenger RNAs in mammalian cells. J Cell Biol. 2009;186(3):323-31.

Kropski JA, Blackwell TS. Endoplasmic reticulum stress in the pathogenesis of fibrotic disease. J Clin

Invest. 2018;128(1):64-73.

Lenna S, Trojanowska M. The role of endoplasmic reticulum stress and the unfolded protein response

in fibrosis. Curr Opin Rheumatol. 2012;24(6):663-8.

Koo JH, Lee HJ, Kim W, Kim SG. Endoplasmic Reticulum Stress in Hepatic Stellate Cells Promotes

Liver Fibrosis via PERK-Mediated Degradation of HNRNPA1l and Up-requlation of

SMAD2. Gastroenterology. 2016;150(1):181-193.€8.

Chen YT, Jhao PY, Hung CT, et al. Endoplasmic reticulum protein TXNDC5 promotes renal fibrosis by

enforcing TGF-p signaling in kidney fibroblasts. J Clin Invest. 2021;131(5):e143645.

Di Conza G, Ho PC. ER Stress Responses: An Emerging Modulator for Innate Immunity. Cells.

2020;9(3):695.

Gruber CW, Cemazar M, Heras B, Martin JL, Craik DJ. Protein disulfide isomerase: the structure of

www.megajournalofcasereports.com

12


https://pubmed.ncbi.nlm.nih.gov/19608861/
https://pubmed.ncbi.nlm.nih.gov/19608861/
https://pubmed.ncbi.nlm.nih.gov/30467427/
https://pubmed.ncbi.nlm.nih.gov/30467427/
https://pubmed.ncbi.nlm.nih.gov/27124586/
https://pubmed.ncbi.nlm.nih.gov/27124586/
https://pubmed.ncbi.nlm.nih.gov/25387057/
https://pubmed.ncbi.nlm.nih.gov/25387057/
https://pubmed.ncbi.nlm.nih.gov/27698029/
https://pubmed.ncbi.nlm.nih.gov/27698029/
https://pubmed.ncbi.nlm.nih.gov/19359519/
https://pubmed.ncbi.nlm.nih.gov/19359519/
https://pubmed.ncbi.nlm.nih.gov/19359519/
https://pubmed.ncbi.nlm.nih.gov/19651891/
https://pubmed.ncbi.nlm.nih.gov/19651891/
https://pubmed.ncbi.nlm.nih.gov/29293089/
https://pubmed.ncbi.nlm.nih.gov/29293089/
https://pubmed.ncbi.nlm.nih.gov/22918530/
https://pubmed.ncbi.nlm.nih.gov/22918530/
https://pubmed.ncbi.nlm.nih.gov/26435271/
https://pubmed.ncbi.nlm.nih.gov/26435271/
https://pubmed.ncbi.nlm.nih.gov/26435271/
https://pubmed.ncbi.nlm.nih.gov/33465051/
https://pubmed.ncbi.nlm.nih.gov/33465051/
https://pubmed.ncbi.nlm.nih.gov/32178254/
https://pubmed.ncbi.nlm.nih.gov/32178254/
https://pubmed.ncbi.nlm.nih.gov/16815710/#:~:text=In%20the%20endoplasmic%20reticulum%20of,outcome%20in%20the%20bacterial%20periplasm.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

oxidative folding. Trends Biochem Sci. 2006;31(8):455-64.

Hatahet F, Ruddock LW. Protein disulfide isomerase: a critical evaluation of its function in disulfide

bond. Antioxid Redox Signal. 2009;11(11):2807-50.

Verdin E, Ott M. 50 years of protein acetylation: from gene requlation to epigenetics, metabolism and

beyond. Nat Rev Mol Cell Biol. 2015;16(4):258-64.

Pehar M, Lehnus M, Karst A, Puglielli L. Proteomic assessment shows that many endoplasmic

reticulum (ER)-resident proteins are targeted by N(epsilon)-lysine acetylation in the lumen of the

organelle and predicts broad biological impact. J Biol Chem. 2012;287(27):22436-40.

Woehlbier U, Colombo A, Saaranen MJ, et al. ALS-linked protein disulfide isomerase variants cause

motor dysfunction. EMBO J. 2016;35(8):845-65.

Bilches Medinas D, Malik S, Yildiz-Boliikbas1 E. et al. Mutation in protein disulfide isomerase A3

causes neurodevelopmental defects by disturbing endoplasmic reticulum proteostasis. EMBO J.

2022;41(2):e105531.

Okumura M, Noi K, Inaba K. Visualization of structural dynamics of protein disulfide isomerase

enzymes in _catalysis of oxidative folding and reductive unfolding. Curr Opin Struct Biol.

2021;66:49-57.

Uehara T, Nakamura T, Yao D, et al. S-nitrosylated protein-disulphide isomerase links protein

misfolding to neurodegeneration. Nature. 2006;441(7092):513-7.

Manuel AM, Walla MD, Faccenda A, et al. Succination of Protein Disulfide Isomerase Links

Mitochondrial Stress and Endoplasmic Reticulum Stress in the Adipocyte During Diabetes. Antioxid

Redox Signal. 2017;27(16):1281-96.

Ma Y, Brewer JW, Diehl JA, Hendershot LM. Two distinct stress signaling pathways converge upon the

CHOP promoter during the mammalian unfolded protein response. J Mol Biol. 2002;318(5):1351-65.

Jablonski RP, Kim SJ, Cheresh P, et al. SIRT3 deficiency promotes lung fibrosis by augmenting

alveolar epithelial cell mitochondrial DNA damage and apoptosis. FASEB J. 2017;31(6):2520-32.

Upton JP, Wang L. Han D. et al. IREla cleaves select microRNAs during ER stress to derepress

translation of proapoptotic Caspase-2. Science. 2012;338(6108):818-22.

Korfei M, Ruppert C, Mahavadi P, et al. Epithelial endoplasmic reticulum stress and apoptosis in

www.megajournalofcasereports.com

13


https://pubmed.ncbi.nlm.nih.gov/19476414/
https://pubmed.ncbi.nlm.nih.gov/19476414/
https://pubmed.ncbi.nlm.nih.gov/25549891/
https://pubmed.ncbi.nlm.nih.gov/25549891/
https://pubmed.ncbi.nlm.nih.gov/22628546/
https://pubmed.ncbi.nlm.nih.gov/22628546/
https://pubmed.ncbi.nlm.nih.gov/22628546/
https://pubmed.ncbi.nlm.nih.gov/26869642/
https://pubmed.ncbi.nlm.nih.gov/26869642/
https://pubmed.ncbi.nlm.nih.gov/34904718/
https://pubmed.ncbi.nlm.nih.gov/34904718/
https://pubmed.ncbi.nlm.nih.gov/34904718/
https://pubmed.ncbi.nlm.nih.gov/33176263/
https://pubmed.ncbi.nlm.nih.gov/33176263/
https://pubmed.ncbi.nlm.nih.gov/33176263/
https://pubmed.ncbi.nlm.nih.gov/16724068/
https://pubmed.ncbi.nlm.nih.gov/16724068/
https://pubmed.ncbi.nlm.nih.gov/28376661/
https://pubmed.ncbi.nlm.nih.gov/28376661/
https://pubmed.ncbi.nlm.nih.gov/28376661/
https://pubmed.ncbi.nlm.nih.gov/12083523/
https://pubmed.ncbi.nlm.nih.gov/12083523/
https://pubmed.ncbi.nlm.nih.gov/28258190/
https://pubmed.ncbi.nlm.nih.gov/28258190/
https://pubmed.ncbi.nlm.nih.gov/23042294/
https://pubmed.ncbi.nlm.nih.gov/23042294/
https://pubmed.ncbi.nlm.nih.gov/18635891/

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

sporadic idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 2008;178(8):838-46.

Hu YB, Wu X, Qin XF, Wang L, Pan PH. Role of Endoplasmic Reticulum Stress in Silica-induced

Apoptosis in RAW?264.7 Cells. Biomed Environ Sci. 2017;30(8):591-600.

Bubici C, Papa S, Pham CG, Zazzeroni F, Franzoso G. NF-kappaB and JNK: an intricate affair. Cell

Cycle. 2004;3(12):1524-29.

Cassel SL, Eisenbarth SC, lyer SS, et al. The Nalp3 inflammasome is essential for the development of

silicosis. Proc Natl Acad Sci U S A. 2008;105(26):9035-40.

Lebeaupin C, Proics E, de Bieville CH, et al. ER stress induces NLRP3 inflammasome activation and

hepatocyte death. Cell Death Dis. 2015:;6(9):€1879.

Hornung V, Bauernfeind F, Halle A, et al. Silica crystals and aluminum salts activate the NALP3

inflammasome through phagosomal destabilization. Nat Immunol. 2008;9(8):847-56.

van Berlo D, Knaapen AM, van Schooten FJ, Schins RP, Albrecht C. NF-kappaB dependent and

independent mechanisms of quartz-induced proinflammatory activation of lung epithelial cells. Part

Fibre Toxicol. 2010;7:13.

Baek HA, Kim DS, Park HS, et al. Involvement of endoplasmic reticulum stress in myofibroblastic

differentiation of lung fibroblasts. Am J Respir Cell Mol Biol. 2012;46(6):731-9.

Kis K, Liu X, Hagood JS. Myofibroblast differentiation and survival in fibrotic disease. Expert Rev

Mol Med. 2011;13:e27.

Jiang R, Han L, Gao Q, Chao J. ZC3H4 mediates silica-induced EndoMT via ER stress and

autophagy. Environ Toxicol Pharmacol. 2021:84:103605.

Fu L, Zhao H, Xiang Y, et al. Reactive oxygen species-evoked endoplasmic reticulum stress mediates

1-nitropyrene-induced epithelial-mesenchymal transition and pulmonary fibrosis. Environ Pollut.

2021,283:117134.

Rashid HO, Yadav RK, Kim HR, Chae HJ. ER stress: Autophagy induction, inhibition and

selection. Autophagy. 2015;11(11):1956-77.

Racanelli AC, Kikkers SA, Choi AMK, Cloonan SM. Autophagy and inflammation in chronic

respiratory disease. Autophaqy. 2018;14(2):221-32.

Tang C, Livingston MJ, Liu Z, Dong Z. Autophagy in kidney homeostasis and disease. Nat Rev

www.megajournalofcasereports.com

14


https://pubmed.ncbi.nlm.nih.gov/28807099/
https://pubmed.ncbi.nlm.nih.gov/28807099/
https://pubmed.ncbi.nlm.nih.gov/15611622/
https://pubmed.ncbi.nlm.nih.gov/15611622/
https://pubmed.ncbi.nlm.nih.gov/18577586/#:~:text=Activation%20of%20the%20Nalp3%20inflammasome,in%20the%20pathogenesis%20of%20pneumoconiosis.
https://pubmed.ncbi.nlm.nih.gov/18577586/#:~:text=Activation%20of%20the%20Nalp3%20inflammasome,in%20the%20pathogenesis%20of%20pneumoconiosis.
https://pubmed.ncbi.nlm.nih.gov/26355342/
https://pubmed.ncbi.nlm.nih.gov/26355342/
https://pubmed.ncbi.nlm.nih.gov/18604214/
https://pubmed.ncbi.nlm.nih.gov/18604214/
https://pubmed.ncbi.nlm.nih.gov/20492675/
https://pubmed.ncbi.nlm.nih.gov/20492675/
https://pubmed.ncbi.nlm.nih.gov/20492675/
https://pubmed.ncbi.nlm.nih.gov/21852685/#:~:text=Stress%20that%20impairs%20endoplasmic%20reticulum,idiopathic%20pulmonary%20fibrosis%20(IPF).
https://pubmed.ncbi.nlm.nih.gov/21852685/#:~:text=Stress%20that%20impairs%20endoplasmic%20reticulum,idiopathic%20pulmonary%20fibrosis%20(IPF).
https://pubmed.ncbi.nlm.nih.gov/21861939/
https://pubmed.ncbi.nlm.nih.gov/21861939/
https://pubmed.ncbi.nlm.nih.gov/33545378/
https://pubmed.ncbi.nlm.nih.gov/33545378/
https://pubmed.ncbi.nlm.nih.gov/33866216/
https://pubmed.ncbi.nlm.nih.gov/33866216/
https://pubmed.ncbi.nlm.nih.gov/33866216/
https://pubmed.ncbi.nlm.nih.gov/26389781/
https://pubmed.ncbi.nlm.nih.gov/26389781/
https://pubmed.ncbi.nlm.nih.gov/29130366/
https://pubmed.ncbi.nlm.nih.gov/29130366/
https://pubmed.ncbi.nlm.nih.gov/32704047/#:~:text=Dysregulated%20autophagy%20contributes%20to%20the,glomerulosclerosis%20and%20polycystic%20kidney%20disease.

43.

44,

45.

46.

47.

48.

49,

50.

51.

Nephrol. 2020;16(9):489-508.

Liang Q, Liu T, Guo T, Tao W, Chen X, Chen W, et al. ATF4 promotes renal tubulointerstitial fibrosis

by suppressing autophagy in diabetic nephropathy. Life Sci. 2021;264:118686.

Hammoutene A, Biquard L, Lasselin J, et al. A defect in endothelial autophagy occurs in patients with

non-alcoholic steatohepatitis and promotes inflammation and fibrosis. J Hepatol. 2020;72(3):528-38.

Shirakabe A, Ikeda Y, Sciarretta S, Zablocki DK, Sadoshima J. Aging and Autophagy in the Heart. Circ

Res. 2016;118(10):1563-76.

He C, Klionsky DJ. Autophagy and neurodegeneration. ACS Chem Biol. 2006;1(4):211-13.

Du S, Li C, Lu Y, et al. Dioscin Alleviates Crystalline Silica-Induced Pulmonary Inflammation and

Fibrosis through Promoting Alveolar Macrophage Autophagy. Theranostics. 2019:;9(7):1878-92.

Abdelaziz RR, Elkashef WF, Said E. Tadalafil reduces airway hyperactivity and protects against lung

and respiratory airways dysfunction in a rat model of silicosis. Int Immunopharmacol. 2016;40:530-41.

Chu SG, Villalba JA, Liang X, et al. Palmitic Acid-Rich High-Fat Diet Exacerbates Experimental

Pulmonary Fibrosis by Modulating Endoplasmic Reticulum Stress. Am J Respir Cell Mol Biol.

2019;61(6):737-46.

Romero F, Hong X, Shah D, et al. Lipid Synthesis Is Required to Resolve Endoplasmic Reticulum

Stress and Limit Fibrotic Responses in the Lung. Am J Respir Cell Mol Biol. 2018;59(2):225-36.

Jung MY, Kang JH, Hernandez DM, et al. Fatty acid synthase is required for profibrotic TGF-3

signaling. FASEB J. 2018;32(7):3803-15.

Citation of this Article

Zhu MX, Shi HY, Gong SY, Xu ZS, Jiang JT and Li JZ. Proteomics and Acetylation Omics Analysis of

Endoplasmic Reticulum Stress-Mediated Fibrosis in Silicosis. Mega J Case Rep. 2023; 6: 2001-2016.

Copyright

© 2023 Jiang JT and Li JZ. This is an open access article distributed under the Creative Commons Attribution

License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original

work is properly cite.

www.megajournalofcasereports.com

15


https://pubmed.ncbi.nlm.nih.gov/33129879/
https://pubmed.ncbi.nlm.nih.gov/33129879/
https://pubmed.ncbi.nlm.nih.gov/31726115/#:~:text=This%20study%20demonstrates%20that%20autophagy,stages%20of%20chronic%20liver%20disease.
https://pubmed.ncbi.nlm.nih.gov/31726115/#:~:text=This%20study%20demonstrates%20that%20autophagy,stages%20of%20chronic%20liver%20disease.
https://www.ahajournals.org/doi/10.1161/circresaha.116.307474#:~:text=Autophagy%20and%20autophagic%20flux%20are,misfolded%20proteins%20and%20dysfunctional%20organelles.
https://www.ahajournals.org/doi/10.1161/circresaha.116.307474#:~:text=Autophagy%20and%20autophagic%20flux%20are,misfolded%20proteins%20and%20dysfunctional%20organelles.
https://pubs.acs.org/doi/10.1021/cb600182h
https://pubmed.ncbi.nlm.nih.gov/31037145/
https://pubmed.ncbi.nlm.nih.gov/31037145/
https://pubmed.ncbi.nlm.nih.gov/27769022/
https://pubmed.ncbi.nlm.nih.gov/27769022/
https://pubmed.ncbi.nlm.nih.gov/31461627/
https://pubmed.ncbi.nlm.nih.gov/31461627/
https://pubmed.ncbi.nlm.nih.gov/31461627/
https://pubmed.ncbi.nlm.nih.gov/29465261/
https://pubmed.ncbi.nlm.nih.gov/29465261/
https://pubmed.ncbi.nlm.nih.gov/29475397/
https://pubmed.ncbi.nlm.nih.gov/29475397/

