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Abstract

Pneumoconiosis refers to a series of lung diseases caused by in-
halation of mineral dust and the main pathological characteristics are
chronic lung inflammation and progressive pulmonary fibrosis. This
study aims to analyze the changes in gene expression and cytolog-
ical function of cells upon the inhibition of PI3K. Wortmannin was
used to specifically inhibit PI3K. Transcriptomics methods were used
to compare the Differentially Expressed Genes (DEGs) between the
inhibitory group and the control group. The Protein-Protein Interac-
tion (PPI) network of DEGs was constructed and the PI3K pathway
was demonstrated with the use of the Oncomine database. Inhibiting
PI3K of lung lavage cells (e.g. alveolar macrophages) from pneumo-
coniosis patients can cause a spectrum of changes in cellular func-
tions and pathways, thus affecting the pulmonary fibrosis process
within patients. This study provides patient cell-based understanding
of the molecular mechanisms of pneumoconiosis and reveal poten-
tial molecular targets and diagnostic biomarkers for the treatment of
pneumoconiosis.

Keywords: Alveolar macrophages; Pulmonary fibrosis; PI3K signal-
ing pathway

Introduction

Pneumoconiosis refers to a group of lung diseases resulting from
inhalation of particles of industrial substances, particularly inorganic
dusts such as the dust of iron ore or coal, and permanent deposition
of substantial amounts of such particles in the lungs [1]. It is one of
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the major occupational diseases worldwide, which can cause progres-
sive proliferation of diffuse fibrous tissue in lung tissue [2]. In recent
years, although many measures have been taken to protect workers
from dust inhalation, pneumoconiosis has emerged not only in tradi-
tional industries (such as asbestosis, silicosis and miners’ lungs), but
also in emerging modern industries related to the use of new materials
(such as nano-silica, sandblasting and artificial stones) [3], which has
led to a global increase in the incidence and mortality of pneumoco-
niosis, according to the Global Burden of Disease studies [4]. Due
to the lack of prevention of workplace dust, the failure of diagnosis
of the disease in the early stage and the limited effective treatment
of the disease, pneumoconiosis is still a serious global public health
problem [5].

The interstitial lung disease pulmonary fibrosis can be caused by
pneumoconiosis, and inflammation plays a key role in pneumoco-
niosis thereby promoting the progress of fibrosis [6]. Considerable
evidence has suggested that Alveolar Macrophages (AMs) and Pul-
monary Fibroblasts (PFBs) mediate pulmonary fibrosis, which re-
sults from chronic inflammation [7,8]. The pathogenesis of pulmo-
nary fibrosis involves activation of inflammatory cells in the lower
respiratory tract, fibroblast proliferation and enhanced synthesis and/
or breakdown of extracellular matrix components [9], which seems
to be driven by persistent inflammation, in which pro-inflammatory
cytokines such as TNF, IL-1 and IL-6 play a central role [10]. For
instance, the potential mechanism for development of silicosis, a kind
of pneumoconiosis, is that AMs are activated and release inflamma-
tory mediators such as reactive oxygen species, reactive nitrogen,
chemokines, cytokines and growth factors [11,12]. These factors can
further activate Phosphatidylinositol 3-kinase (PI3K) [13], which
plays a role in silica-induced inflammation [14]. However, activated
AMs cannot remove silica, but are induced to apoptosis [15], in which
PI3K may also participate [16]. In vitro experiment showed that the
PI3K was involved in the autophagy change mediated by silica expo-
sure [17], while autophagy may play a protective role in the process
of pulmonary fibrosis [18].

Therefore, further research is needed to study how PI3K partic-
ipates in AMs-mediated pulmonary fibrosis in pneumoconiosispa-
tients. In this study, the PI3K specific inhibitor wortmannin was added
to the cells isolated from the lung lavage fluid of patients. To explore
the molecular regulation mechanism of PI3K in the process of pulmo-
nary fibrosis caused by pneumoconiosis, the Differential Expression
Genes (DEGs) and related cell functions between the inhibition group
and the control group were compared by transcriptome technology,
providing molecular targets and diagnostic biomarkers for the treat-
ment and early diagnosis of pneumoconiosis.

Methods
Whole Lung Lavage (WLL)

Patients diagnosed of pulmonary fibrosis (pneumoconiosis) re-
ceived WLL at certified clinical institutes as the recommended med-
ical treatment. During WLL, 0.9% normal saline solution was heat-
ed to 37°C, subjected to lung lavage 20 minutes after unilateral pure
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oxygen ventilation, and terminated when the drainage fluids turn from
turbid to fully transparent. The total volume of lung lavage fluids,
routinely discarded as medical wastes, was generally 4000-6000 ml,
influenced by the patients’ lung volume and pneumoconiosis stages.
Patients were informed of the proposed research and gave permis-
sion to authorize the usage of their lung lavage fluids for biomedical
research purposes. Accordingly, after WLL, lung lavage fluids col-
lected into the aseptic containers were not discarded but immediately
transferred to the laboratory for further biomedical experiments. The
study design was reviewed and approved by the institution’s research
ethics committee.

Cell isolation from lung lavage fluids

The lung lavage fluid was filtered through double-layer gauze to
remove mucus and other clumped stuffs, aliquoted to 50 ml tubes, and
then centrifuged at 1800 rpm for 5 min. Supernatants were discarded
and the pellets were washed 2-3 times with PBS. The pellets were
aggregated and resuspended in culture medium, made up of DMEM
medium (Gibco) supplemented with 10% fetal bovine serum (FBS,
Gibco) and 1X penicillin-streptomycin mixture (HyClone). Cells
were imaged under a light microscope to evaluate quality, measured
for density and cultured in 25 cm? plastic flasks (Corning) in an incu-
bator (5% CO,, 37°C). For cryopreservation, cells were resuspended
in culture medium supplemented with 10% dimethyl sulfoxide (Sig-
ma-Aldrich) and frozen in stock tubes at a -80°C freezer.

Inhibition treatment and design

Cells were incubated at 37°C in a humidified 5% CO, incubator
and divided into a control group and a treatment group of PI3K inhi-
bition by wortmannin. Cells in the control group were grown in the
culture medium and cells in the experiment group were grown in the
culture medium supplemented with 10 nM wortmannin for 6h. Both
control and experiment groups were repeated with independent tripli-
cates.

RNA-seq experiment and bioinformatic analysis

Total RNA was extracted from cells and mRNA was purified from
total RNA using poly-T oligo-attached magnetic beads. Fragmenta-
tion of mRNA was carried out using divalent cations under elevated
temperature, followed by cDNA synthesis using random hexamer
primers. After adenylation of 3’-end DNA fragments, adaptors with
hairpin loop structure were ligated to prepare for hybridization. The
library fragments were purified with AMPure XP system (Beckman
Coulter) to select cDNA fragments of about 400 bp in length. After
PCR reactions, products were purified and the library quality was as-
sessed on a Bioanalyzer 2100 system (Agilent). The library prepara-
tions were finally sequenced on a Novaseq platform (Illumina) with
the sequence generation of 150 bp paired-end reads. All RNA-seq
experiments were repeated in independent triplicates.

Raw reads in FASTQ formats were preprocessed, aligned to the
reference genome (GRCh38) using Hisat2 and converted into BAM
files for followed-up RNA-seq analysis [19,20] in R. Differential
expression was based on the DESeq2 analysis pipeline, and the
thresholds of absolute log, (fold change) over 1 and adjusted P value
less than 0.05 were used to identify Differentially Expressed Genes
(DEGs).

Construction of Protein-Protein Interaction (PPI) network

The Search Tool for the Retrieval of Interacting Genes (STRING)
database (http://string-db.org/) [21], is an online tool designed to ex-
plore and analyze PPI information.In order to evaluate the interaction
between DEGs after inhibition experiments, STRING is used to map
DEGs, and the interaction with combination score > 0.7 is selected.
The top 10 most connected genes in the network are defined as hub
genes to identify key elements in Biological Processes (BP).

Verification of gene expression in Oncomine database

Oncomine (www.oncomine.org; lon Torrent; Thermo Fisher Sci-
entific, Inc.) is an online cancer microarray database that facilitates
genome-wide expression analysis, within which we conducted anal-
ysis of PI3K inhibition in squamous cell lung carcinoma (SQCLC).
Weiss, et al. [22], Talbot, et al. [23] and Bhattacharjee, et al. [24] lung
cancer gene expression data in the Oncomine database were retrieved
for expression levels of PI3K pathway with Pvalue <0.05.Thresholds
for multiple changes and gene levels were set to “all” and data types
were limited to mRNA for gene expression comparison.

Statistical Analysis

Data analysis and visualization were performed in the R statistical
software. For single null-hypothesis tests, a significance level of 0.05
was used. For multiple testing where the control of False Discovery
Rate (FDR) was necessary, raw P values were adjusted by the Benja-
mini-Hochberg (BH) method to obtain adjusted P values.

Results

The main pathological features of pneumoconiosis are chronic
pulmonary inflammation and progressive pulmonary fibrosis. The
activation of immune response in lung microenvironment of patients
with pulmonary fibrosis is related to the induction of PI3K pathway,
but the molecular mechanism of pneumoconiosis induced pulmo-
nary fibrosis has not been fully elucidated. Under the activation of
the immune response in the lung microenvironment of patients with
pulmonary fibrosis, lung lavage cells (mainly alveolar macrophages
etc.) maintain their innate transcriptional profiles. Upon the inhibi-
tion of PI3K pathway by wortmannin, a spectrum of transcriptional
changes is expected but unknown. Using RNA-seq as the next-gener-
ation high-throughput sequencing technology, such gene expression
changes could be revealed by the profiles of Differentially Expressed
Genes (DEGs). For the control treatment vs. the experimental treat-
ment, three replicates were prepared and assayed in parallel. With
parameter thresholds set as the absolute log2 fold change at more
than 1 and the adjusted p-value smaller than 0.05 to control the error
Discovery Rate (FDR), the volcano plot reveals the transcriptional
changes of patient-derived lung lavage cells upon inhibition of PI3K
by wortmannin (Figure 1). In comparison, with PI3K inhibition, a
total of 3356 genes were identified as differentially expressed genes
(1990 up-regulated genes and 1366 down-regulated genes). The MA
plot demonstrated that the DEGs are predominantly highly expressed
genes thus the observed differential expression could hardly be at-
tributed to false discoveries due to low expression levels (Figure 2).
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Figure 1: Volcanic plot of DEGs obtained after inhibiting PI3K target. A total of 3356 genes were identified as differentially expressed genes (1990 up-regu-
lated genes and 1366 down-regulated genes). The up- and down-regulated genes before and after inhibition were annotated. Thresholds of absolute log2 (fold
change) of 1 and adjusted P value of 0.05 were applied to identify DEGs.

Figure 2: MA plot of DEGs obtained after inhibiting PI3K target. The DEGs are predominantly highly expressed genes thus the observed differential expres-
sion could hardly be attributed to false discoveries due to low expression levels

Upon inhibiting PI3K, 229 identified DEGs (log2 Fold Change >  were located outside the DEGs PPI network (Figure 3). Subsequent-
3, Padj < 0.0001) were included in the analysis within the STRING  ly, 10 hub genes with the highest connectivity in the network were
online database. A total of 44 genes were filtered into the PPI net- identified, which were Angiopoietin Like 4 (ANGPTL4), Ankyrin
work complex, including 217 nodes and 132 edges, and 185 genes Repeat Domain 1 (ANKRDI), ATPase H+ transporting V1 subunit
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Figure 3: PPI network constructed from the DEGs and hub genes. Using the STRING online database, a total of 44 DEGs were filtered into the DEGs PPI
network complex. The nodes represent proteins and the edges represent the interaction of proteins.

/

G2 (ATP6V1G2), Calmodulin Regulated Spectrin Associated Protein
family member 3 (CAMSAP3), Coiled-Coil Domain Containing pro-
tein 151 (CCDC151), C-C motif Chemokine Ligand 1 (CCL1), C-C
motif Chemokine Ligand 15 (CCL15), C-C motif Chemokine Ligand
2 (CCL2), C-C motif Chemokine Ligand 8 (CCL8) and chromatin li-
censing and DNA replication factor 1 (CDT1) (Figure 4). The top hub
genes were evenly distributed regarding up-regulation or down-reg-
ulation so the underlining transcriptomic changes are bi-directional.

The clustered heatmap of these 10 hub genes among the triplicate
experiment samples reveals significant reproductivity and harmo-
nized association (Figure 5). Discoveries of the DEGs and especially
the top hub genes and their associated pathways identify the physio-
logical and biochemical processes perturbed upon the inhibition of
PI3K within lung lavage cells, suggesting the potential panel of genes
for functional targeting.

Target genes of PI3K pathway were analyzed in the Oncomine da-
tabase to explore the relationship between this signaling pathway and

Squamous Cell Lung Carcinoma (SQCLC), a type of cancer that is at
least partially related to pulmonary fibrosis. The mRNA expression
levels of PI3K and its downstream effectors such as AKT and mTOR
in SQCLC samples were significantly different from those in normal
lung samples (Figure 6), suggesting PI3K and the downstream path-
way is a key player in the pulmonary fibrosis within such patients.

Discussion

To predict the functional association among the identified DEGs
upon inhibition of PI3K in lung lavage cells, we constructed PPI
networks for the inhibition comparison, and selected the top 10 hub
genes with the highest connectivity for further analysis, including
ANGPTL4, ANKRDI1, ATP6V1G2, CAMSAP3, CCDCI151, CCL1,
CCL15, CCL2, CCL8 and CDT1, which were mainly related to the
functions of immune system process, monocyte chemotaxis, regu-
lation of leukocyte migration efc. Functions of individual genes are
key to the understanding of their specific roles. For example, pro-
tein encoded by angiopoietin like 4 (ANGPTL4) regulates chronic
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Figure 4: Expression level of the top 10 hub genes. 5 up-regulated hub genes are C-C motif chemokine ligand 1 (CCL1), C-C motif chemokine ligand 15
(CCL15), C-C motif chemokine ligand 2 (CCL2), C-C motif chemokine ligand 8 (CCL8) and ankyrin repeat domain 1 (ANKRD1); 5 down-regulated hub
genes are angiopoietin like 4 (ANGPTL4), ATPase H+ transporting V1 subunit G2 (ATP6V1G2), calmodulin regulated spectrin associated protein family
member 3 (CAMSAP3), Coiled-coil domain containing protein 151 (CCDC151) and chromatin licensing and DNA replication factor 1 (CDT1).

Figure 5: Expression heatmap of the top 10 hub genes. Heatmap showing expression profiles of differentially expressed 10 hub genes between the control
group and the PI3K-inhibition group.
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pared. Log-transformed expression levels are displayed as box plots.

Figure 6: Analysis of expression of PI3K/Akt/mTOR signaling pathway in the Oncomine database. Gene expression data was obtained from Weiss, Talbot
and Bhattacharjee lung datasets and analyzed with Oncomine. mRNA expression levels of PI3K, Akt, and mTOR in normal lung vs. SQCLC were com-

/)

inflammation, angiogenesis and vascular permeability [25], in which
inflammation plays a key role in the progression of pneumoconiosis
to pulmonary fibrosis [6]. Previous in vitro studies have shown that
activation of mTOR in lung epithelial cells, a serine/threonine protein
kinase in the PI3K-related kinase family, promotes pulmonary fibro-
sis and expression of ANGPTL4 [26]. In addition, four up-regulated
hub genes (CCL1, CCL15, CCL2 and CCLS) are related to chemok-
ines. C-C motif Chemokine Ligand 1 (CCL1) and C-C motif Chemo-
kine Ligand 2 (CCL2) are cytokine genes clustered on the q arm of
chromosome 17, leading to the production of chemokines involved in
immune regulation and inflammation. Such cytokines have chemo-
tactic activity on monocytes and basophils, but with little chemotactic
activity on neutrophils and eosinophils. Animal experiments further
demonstrated that the expression of CCL2 was up-regulated in acute
and chronic silicosis models [27,28].

Among the downregulated hub genes, calmodulin regulated
spectrin associated protein family member 3 (CAMSAP3) is re-
quired to maintain microtubule organization and cell morphogenesis
[29]. Deletion of CAMSAP3 in human lung carcinoma-derived cell
lines, leading to the upregulation of Akt proteins (also known as pro-
tein kinase B proteins, the downstream molecule of PI3K) activity
[29]. Highly induced activation of PI3K can lead to multiple cancer
characteristics, and this pathway is an attractive target for new anti-
cancer therapy.One study found that in a large number of fibrotic sili-
cosis, the incidence of SQCLC, a type of Non-Small Cell Lung Can-
cer (NSCLC), is higher [30]. Mutations in PI3K and its downstream
effectors frequently occurred in NSCLC patients [31]. The molecular
mechanism of the occurrence and development of pneumoconio-
sis-induced lung squamous cell carcinoma has not been fully eluci-
dated, while our study suggests that CAMSAP3 may be involved in
this process.Similarly, we demonstrated with the use of the Oncomine
database that PI3K pathway was differentially expressed in SQCLC
vs. normal lung tissues. Therefore, inhibiting the PI3K pathway of
AMs may not only affect pulmonary fibrosis, but also affect SQCLC
caused by pulmonary fibrosis.

Inhibition of the PI3K pathway of lung lavage cells in pneumoco-
niosis patients can cause the changes of cellular functions and physi-
ological conditions via transcriptional changes, especially changes in

gene expression related to immune system process, monocyte chemo-
taxis and leukocyte migration regulation, thus pointing to a potential
key target of slowing or even pausing the pulmonary fibrosis process
in pneumoconiosis patients.

Conflict of interests
The authors declare that no conflict of interests exist.
Funding

This study was supported by the National Natural Science Foun-
dation of China (research grant of 81800071) and the Department
of Science and Technology of Sichuan Province (research grant of
2019YJ0035).

References

1. Farzaneh MR, Jamshidiha F, Kowsarian S (2010) Inhalational lung dis-
ease. Int J Occup Environ Med 1: 11-20.

2. Cullinan P, Reid P (2013) Pneumoconiosis. Primary Care Respiratory
Journal 22: 249-252.

3. LuoY, Qi XM, Pang JL, Wang J, Wang C (2021) Omics approaches for
exploring pneumoconiosis: A review. Biomed Environ Sci 34: 71-82.

4. Global Burden of Disease Study 2013 Collaborators (2018) Global, re-
gional, and national incidence, prevalence, and years lived with disability
for 354 diseases and injuries in 195 countries and territories, 1990-2017: A
systematic analysis for the Global Burden of Disease Study 2017. Lancet
392: 1789-1858.

5. Qi XM, Luo Y, Song MY, Liu Y, Shu T, et al. (2021) Pneumoconiosis:
Current status and future prospects. Chinese Med J-Peking 134: 898-907.

6. Deng CW, Zhang XX, Lin JH, Huang LF, Qu YL, et al. (2017) Associ-
ation between genetic variants of transforming growth factor-betal and
Susceptibility of Pneumoconiosis: A Meta-analysis. Chin Med J (Engl)
130: 357-364.

7. Ward PA, Hunninghake GW (1998) Lung inflammation and fibrosis. Am J
Respir Crit Care Med 157: 123-129.

8. Keogh BA, Crystal RG (1982) Alveolitis: The key to the interstitial lung
disorders. Thorax 37: 1-10.

J Pulm Med Respir Res ISSN: 2573-0177, Open Access Journal

DOI: 10.24966/PMRR-0177/100068

Volume 7 « Issue 2 « 100068


http://doi.org/10.24966/PMRR-0177/100068
https://www.nature.com/articles/pcrj201355
https://www.nature.com/articles/pcrj201355
https://pubmed.ncbi.nlm.nih.gov/33531110/
https://pubmed.ncbi.nlm.nih.gov/33531110/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4561509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4561509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4561509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4561509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4561509/
https://pubmed.ncbi.nlm.nih.gov/33879753/
https://pubmed.ncbi.nlm.nih.gov/33879753/
https://pubmed.ncbi.nlm.nih.gov/28139521/
https://pubmed.ncbi.nlm.nih.gov/28139521/
https://pubmed.ncbi.nlm.nih.gov/28139521/
https://pubmed.ncbi.nlm.nih.gov/28139521/
https://pubmed.ncbi.nlm.nih.gov/9563771/
https://pubmed.ncbi.nlm.nih.gov/9563771/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC459237/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC459237/

Citation: Luo Z, Wang M. Transcriptomic Regulation of Lung Lavage Cells from Pulmonary Fibrosis Patients under the Inhibition of PI3K. ] Pulm Med Respir
Res, 2021, 7: 068.

ePage7of 7 e

11.

12.

13.

14.

15.

16.

17

18.

19.

20

2

—_

Borm PJ, Schins RP (2001) Genotype and phenotype in susceptibility to
coal workers’ pneumoconiosis. The use of cytokines in perspective. Eur
Respir J Suppl 32: 127-133.

. Yucesoy B, Luster MI (2007) Genetic susceptibility in pneumoconiosis.

Toxicol Lett 168: 249-254.

Mossman BT, Churg A (1988) Mechanisms in the pathogenesis of asbesto-
sis and silicosis. Am J Respir Crit Care Med 157: 1666-1680.

Fujimura N (2000) Pathology and pathophysiology of pneumoconiosis.
Curr Opin Pulm Med 6: 140-141.

Kok K, Geering B, Vanhaesebroeck B (2009) Regulation of phosphoinos-
itide 3-kinase expression in health and disease. Trends Biochem Sci 34:
115-127.

Gwinn MR, Vallyathan V (2006) Respiratory burst: Role in signal trans-
duction in alveolar macrophages. J Toxicol Environ Health B Crit Rev 1:
27-39.

Gu W, Song J, Cao Y, Sun Q, Yao H, et al. (2013) Application of the ITS2
region for barcoding medicinal plants of selaginellaceae in pteridophyta.
Plos One 8: 67818.

Li N, Chen XW, Huo TT, Dong FQ, Deng JJ (2020) Nano-silicon dioxide
affects apoptosis of alveolar macrophages via PI3K/AKt signaling path-
way. Sichuan Da XueXue Bao Yi Xue Ban 51: 488-493.

.Li N, Shi F, Wang X, Yang P, Sun K, et al. ( 2021) Silica dust exposure

induces pulmonary fibrosis through autophagy signaling. Environ Toxicol
36: 1269-1277.

Liu H, Fang S, Wang W, Cheng Y, Chao J (2016) Macrophage-derived
MCPIP1 mediates silica-induced pulmonary fibrosis via autophagy. Parti-
cle and fibre toxicology 13: 55.

Love MI, Huber W, Anders S (2014) Moderated estimation of fold change
and dispersion for RNA-seq data with DESeq2. Genome Biol 15: 550.

.Wu T, Hu E, Xu S, Chen M, Guo P, et al. (2021) Cluster Profiler 4.0: A

universal enrichment tool for interpreting omics data. The Innovation 2:
100141.

. Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, et al. (2021) The

STRING database in 2021: Customizable protein-protein networks, and
functional characterization of user-uploaded gene/measurement sets. Nu-
cleic Acids Res 8: 605-612.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Weiss J, Sos ML, Seidel D, Peifer M, Zander T, et al. (2010) Frequent
and focal FGFR1 amplification associates with therapeutically tractable
FGFR1 dependency in squamous cell lung cancer. Sci Transl Med 15: 62-
93.

Talbot SG, Estilo C, Maghami E, Sarkaria IS, Pham DK, et al. (2005)
Gene expression profiling allows distinction between primary and meta-
static squamous cell carcinomas in the lung. Cancer Res 65: 3063-3071.

Bhattacharjee A, Richards WG, Staunton J, Li C, Monti S, et al. (2001)
Classification of human lung carcinomas by mRNA expression profiling
reveals distinct adenocarcinoma subclasses. Proc Natl Acad Sci U S A 98:
13790-13795.

Fernandez-Hernando C, Suarez Y (2020) ANGPTL4: A multifunctional
protein involved in metabolism and vascular homeostasis. Curr Opin He-
matol 27: 206-213.

Saito M, Mitani A, Ishimori T, Miyashita N, Isago H, et al. (2020) Active
mTOR in lung epithelium promotes epithelial-mesenchymal transition and
enhances lung fibrosis. Am J Respir Cell Mol Biol 62: 699-708.

Langley RJ, Mishra NC, Pena-Philippides JC, Rice BJ, Seagrave JC,et al.
(2011) Fibrogenic and redox-related but not proinflammatory genes are
upregulated in Lewis rat model of chronic silicosis. J Toxicol Environ
Health A 74: 1261-1279.

Giordano G, van den Brule S, Re SL, Triqueneaux P, Uwambayinema F, et
al. (2010) Type I interferon signaling contributes to chronic inflammation
in a murine model of silicosis. Toxicol Sci 116: 682-692.

Pongrakhananon V, Wattanathamsan O, Takeichi M, Chetprayoon P, Chan-
vorachote P (2018) Loss of CAMSAP3 promotes EMT via the modifica-
tion of microtubule-Akt machinery. J Cell Sci 131: 216168.

Honma K, Chiyotani K, Kimura K (1997) Silicosis, mixed dust pneumo-
coniosis, and lung cancer. Am J Ind Med 32: 595-599.

Scheffler M, Bos M, Gardizi M, Konig K, Michels S, et al. (2015) PIK3CA
mutations in Non-Small Cell Lung Cancer (NSCLC): Genetic heteroge-
neity, prognostic impact and incidence of prior malignancies. Oncotarget
6: 1315-1326.

J Pulm Med Respir Res ISSN: 2573-0177, Open Access Journal

DOI: 10.24966/PMRR-0177/100068

Volume 7 « Issue 2 « 100068


http://doi.org/10.24966/PMRR-0177/100068
https://pubmed.ncbi.nlm.nih.gov/11816820/
https://pubmed.ncbi.nlm.nih.gov/11816820/
https://pubmed.ncbi.nlm.nih.gov/11816820/
https://pubmed.ncbi.nlm.nih.gov/17161563/
https://pubmed.ncbi.nlm.nih.gov/17161563/
https://pubmed.ncbi.nlm.nih.gov/9603153/
https://pubmed.ncbi.nlm.nih.gov/9603153/
https://pubmed.ncbi.nlm.nih.gov/10741774/
https://pubmed.ncbi.nlm.nih.gov/10741774/
https://pubmed.ncbi.nlm.nih.gov/19299143/
https://pubmed.ncbi.nlm.nih.gov/19299143/
https://pubmed.ncbi.nlm.nih.gov/19299143/
https://pubmed.ncbi.nlm.nih.gov/16393868/
https://pubmed.ncbi.nlm.nih.gov/16393868/
https://pubmed.ncbi.nlm.nih.gov/16393868/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3694882/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3694882/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3694882/
https://pubmed.ncbi.nlm.nih.gov/32691555/
https://pubmed.ncbi.nlm.nih.gov/32691555/
https://pubmed.ncbi.nlm.nih.gov/32691555/
https://pubmed.ncbi.nlm.nih.gov/33720480/
https://pubmed.ncbi.nlm.nih.gov/33720480/
https://pubmed.ncbi.nlm.nih.gov/33720480/
https://pubmed.ncbi.nlm.nih.gov/27782836/
https://pubmed.ncbi.nlm.nih.gov/27782836/
https://pubmed.ncbi.nlm.nih.gov/27782836/
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-014-0550-8
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-014-0550-8
https://pubmed.ncbi.nlm.nih.gov/34557778/
https://pubmed.ncbi.nlm.nih.gov/34557778/
https://pubmed.ncbi.nlm.nih.gov/34557778/
https://academic.oup.com/nar/article/49/D1/D605/6006194
https://academic.oup.com/nar/article/49/D1/D605/6006194
https://academic.oup.com/nar/article/49/D1/D605/6006194
https://academic.oup.com/nar/article/49/D1/D605/6006194
https://pubmed.ncbi.nlm.nih.gov/21160078/
https://pubmed.ncbi.nlm.nih.gov/21160078/
https://pubmed.ncbi.nlm.nih.gov/21160078/
https://pubmed.ncbi.nlm.nih.gov/21160078/
https://pubmed.ncbi.nlm.nih.gov/15833835/
https://pubmed.ncbi.nlm.nih.gov/15833835/
https://pubmed.ncbi.nlm.nih.gov/15833835/
https://pubmed.ncbi.nlm.nih.gov/11707567/
https://pubmed.ncbi.nlm.nih.gov/11707567/
https://pubmed.ncbi.nlm.nih.gov/11707567/
https://pubmed.ncbi.nlm.nih.gov/11707567/
https://pubmed.ncbi.nlm.nih.gov/21830856/
https://pubmed.ncbi.nlm.nih.gov/21830856/
https://pubmed.ncbi.nlm.nih.gov/21830856/
https://pubmed.ncbi.nlm.nih.gov/21830856/
https://pubmed.ncbi.nlm.nih.gov/20513754/
https://pubmed.ncbi.nlm.nih.gov/20513754/
https://pubmed.ncbi.nlm.nih.gov/20513754/
https://pubmed.ncbi.nlm.nih.gov/30282632/
https://pubmed.ncbi.nlm.nih.gov/30282632/
https://pubmed.ncbi.nlm.nih.gov/30282632/
https://pubmed.ncbi.nlm.nih.gov/9358915/
https://pubmed.ncbi.nlm.nih.gov/9358915/
https://pubmed.ncbi.nlm.nih.gov/25473901/
https://pubmed.ncbi.nlm.nih.gov/25473901/
https://pubmed.ncbi.nlm.nih.gov/25473901/
https://pubmed.ncbi.nlm.nih.gov/25473901/

Advances In Industrial Biotechnology | ISSN: 2639-5665

Advances In Microbiology Research | ISSN: 2689-694X

Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X
Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594
Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562
Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608
Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751
Journal Of Aquaculture & Fisheries | ISSN: 2576-5523

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

Journal Of Cardiology Study & Research | ISSN: 2640-768X

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844
Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801
Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978
Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

Journal Of Dairy Research & Technology | ISSN: 2688-9315

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798
Journal Of Environmental Science Current Research | ISSN: 2643-5020
Journal Of Food Science & Nutrition | [ISSN: 2470-1076

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999
Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044
Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419
Journal Of Obesity & Weight Loss | ISSN: 2473-7372

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649
Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670
Journal Of Plant Science Current Research | ISSN: 2639-3743

Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177
Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574
Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060
Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | [ISSN: 2573-0193

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829

Trends In Anatomy & Physiology | ISSN: 2640-7752

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us
http://www.heraldopenaccess.us/


info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

	_Hlk79779296
	OLE_LINK17
	_Hlk81009470
	OLE_LINK3

