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Abstract: Objective: In order to obtain proteins related with the occurrence and development of silicosis and further 
reveal the development mechanism of silicosis, we collected alveolar macrophages from lung lavage fluid of sili-
cosis patients, and studied the different proteins in alveolar macrophages of silicosis patients at different stages. 
Methods: A total of 31 patients with silicosis were selected who were male and who were exposed to dust, or dust 
removal within 2 years prior to our study. Two-dimensional gel electrophoresis was used to isolate the differential 
proteins. Image Master 2D Platinum software was used to identify differential protein spots. This method was used 
to identify differential spots, namely New ultrafleXtreme reflective tandem matrix assisted laser desorption time of 
flight mass spectrometry. GO, KEGG Pathway and PPI analysis of differential proteins were carried out by bioinfor-
matics. Results: Through bioinformatics analysis, we found that these differential proteins mainly participate in the 
pathway of fatty acid degradation, valine, leucine and isoleucine degradation, lysine degradation, tryptophan me-
tabolism, pyruvate metabolism, metabolic pathways, etc. Bioinformatics analysis showed that there were interac-
tions between ECHS1 and ALDH2. Conclusions: Using differential proteomics, we found that the proteins associated 
with silicosis development in alveolar macrophages were ANXA4, PRDX4, ERP29, KRT10, FTL, ECHS1, and ALDH2; 
the findings of which enriched the alveolar macrophage protein library of silicosis. Through bioinformatics analysis, 
the main mechanisms of pulmonary alveolar macrophages involved in the development of silicosis were fatty acid 
metabolism, MAPK activity regulation, oxidative stress, notch signaling pathway, and negative regulation of inter-
leukin-8 secretion. The expression of ECHS1 protein in the pulmonary dust deposition group was different from the 
silicosis groups of grade one and two. ECHS1 may be the key protein in the development of silicosis.
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Introduction

Pneumoconiosis is one of the most prominent 
occupational disease that threatens the health 
of workers. It is reported that hundreds of mil-
lions of workers who are exposed to dust face 
the risk of pneumoconiosis, and it has a high 
prevalence and incidence in developing coun-
tries [1-4]. In recent years, the incidence of 
pneumoconiosis in China has been high, even 
increasing annually. The government and health 
departments are aware of the pain and issues 
that workers with pneumoconiosis have to face. 
In order to deal with this severe situation, the 
government has invested a lot of manpower 

and material resources to identify and aid pneu-
moconiosis patients and to enable them to 
receive effective treatment. It is very necessary 
to study pneumoconiosis in order to find new 
ideas and methods for its prevention, treat-
ment and rehabilitation [5, 6].

Through understanding the genome, research 
on the pathogenesis and biomarkers of pneu-
moconiosis has gradually increased, and some 
achievements have been made [7, 8]. After 
years of study, scholars have identified inflam-
matory factors, such as tumor necrosis factor, 
interleukin, inflammatory chemokines related 
to silicosis, etc. The results of which have re- 
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vealed a possible pathogenesis theory of pneu-
moconiosis and created the “eight words poli-
cy” for prevention and treatment of pneumoco-
niosis, which plays an important guiding role in 
determining the etiology of pneumoconiosis 
and may help to eventually eliminate pneumo-
coniosis completely.

As the basic unit for cell function execution  
and the direct embodiment of life activities, 
proteins participate in regulating almost all life 
activities of the living organisms, and they con-
trol growth, development, reproduction, energy 
metabolism, and the stress response, etc. Pro- 
teomics is characterized by its high throughput 
analysis, with high pertinence, systematization 
and integration of results. Compared with the 
detection of a single biological index, the re- 
search complexity of this method is greatly 
increased. Proteomics can reveal biological 
phenomena closely to the real life situation. 
Many major diseases with unclear mecha-
nisms, such as various cancers, diabetes, and 
silicosis, have been better understood through 
continuous research. But this does not com- 
prehensively evaluate the occurrence and de- 
velopment of the disease from its overall per-
spective. Therefore, proteomics is widely used 
in the study of major diseases which have 
unknown mechanisms.

We wanted to compare the major protein 
expression types of silicosis development in 
macrophages extracted from lung lavage fluid 
of silicosis patients (GBZ 70-2015) and pneu-
moconiosis patients by differential proteomics. 
The purpose of this study was to obtain protein 
factors related to the occurrence and develop-
ment of silicosis, and to provide clues to the 
mechanism of silicosis, as well as the basis for 
its prevention and treatment.

Methods

Subjects

We selected subjects from pneumoconiosis 
patients, who had a simple history of dust ex- 
posure, who were only exposed to rock dust. 
There were no other diseases involved as much 
as possible, such as fatty liver, kidney stone, 
hypertension, diabetes, etc. The subjects were 
male workers who had been exposed to dust 
(within the last 2 years). The subjects of study 
were those who were diagnosed as having sili-

cosis by the local pneumoconiosis diagnostic 
expert group according to the Diagnosis of 
Occupational Pneumoconiosis (GBZ 70-2015) 
in China and those who were not diagnosed 
with silicosis but who had a dust collection his-
tory such as dust deposition in the lung, exclud-
ing other fibrotic diseases, pulmonary inflam-
matory diseases, tuberculosis and hepatitis B.

According to expert diagnosis and treatment 
results, the subjects were divided into four 
groups: pulmonary dust deposition group, st- 
age I silicosis group, stage II silicosis group,  
and stage III silicosis group; with 5, 10, 9 and  
7 people in each group. There were no differ-
ences in age and body mass index among the 
groups. Before collecting the lavage fluid, pa- 
tients signed the informed consent form, and 
this study applied to the Medical Ethics Com- 
mittee of North China University of Science and 
Technology for approval.

Interpretation of the basic data of the selected 
subjects in the experiment

We analyze the distribution of the following indi-
cators among each group in detail to ensure 
the comparability among the research subjects 
of each group.

Exercise habit: Less exercise was defined as 
having no other form of exercise other than tak-
ing part in work activities. Exercise at any inten-
sity of not less than 3 times per week, each 
time of not less than 30 min, was defined as 
occasional exercise. Exercise at any intensity 
more than three times a week, each time not 
less than 30 min, was defined as regular 
exercise.

Region: Geographically boundary of the Qinling 
Mountains-Huaihe River line, south was de- 
fined as the south, north was defined as the 
north. A total of 17 patients from the southern 
provinces and a total of 14 patients from the 
Northern provinces were enrolled.

Smoking history: According to the WHO defini-
tion of smoking, the history of smoking was 
defined as continuous or accumulated smoking 
for more than 6 months.

Drinking history: Drinking alcohol twice a week 
or more often, at 50 g or more each time for  
six months was defined as having a drinking 
history.
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Dust exposure time (year): Time spent in dust 
related work (rock drilling, development, min-
ing, comminution, transportation, etc.).

Dust removal time (year): Time of leaving dust 
related work (rock drilling, development, min-
ing, crushing, transportation, etc.).

Dust properties: In this study, according to the 
dust exposure history data of the investigated 
silicosis patients, the contact coal mine rock 
dust, stone grinding rock dust, quartz sand, 
boron mine rock dust, carboniferous mine rock 
dust, phosphate rock dust and fluorite mine 
rock dust were defined as non-metallic mine 
dust. The iron ore dust, gold ore dust, molybde-
num ore dust, lead-zinc ore dust, barite ore 
dust, tungsten ore dust, tin ore dust and man-
ganese ore dust were defined as metal ore 
dust. Contact with both metallic and non-metal-
lic mineral dust was defined as mixed dust.

COPD: The subjects with FEV1/FVC≥70% were 
defined as having no COPD based on their vi- 
tal capacity. Patients with FEV1/FVC<70% and 
with or without chronic cough and expectora-
tion were defined as having COPD.

Sample preparation

We collected the first eight samples of lung 
lavage fluid from each subject, about 4000 ml, 
from four groups of subjects: pulmonary dust 
deposition group, stage I silicosis group, stage 
II silicosis group, stage III silicosis group. The 
first 7 samples and the eighth were treated 
separately. They were filtered with 4 layers of 
sterile gauze and centrifuged for 15 minutes  
at 1500 rpm. We rinsed the cells with pre 
cooled pre-cooled PBS, and collected cell pre-
cipitation. The first 7 samples of cells were in- 
oculated into a 10 cm culture dish containing 
1640 culture medium, each plate containing 
107 cells, and the eighth sample containing 
106 cells/plate was inoculated into a 24-well 
plate containing 1640 culture medium, and 
gently placed in a 37°C CO2 incubator for 2 
hours. Two hours later, the protein was extract-
ed from the macrophages in a 10 cm culture 
dish. The process of protein extraction was as 
follows: Pour out the culture medium, rinse  
with PBS for 3 times; digest with pancreatic 
enzyme for 5 minutes. Add 3 ml of culture so- 
lution to each culture dish, transfer the cells of 
2 culture dishes to a 15 ml centrifuge tube, and 

centrifuge at a speed of 1000 rpm for 5 min-
utes. The culture solution was poured out, and 
6 ml PBS was added to each test tube for 
resuspension, and centrifugation was carried 
out for 5 minutes at a speed of 1000 rpm. The 
PBS was poured out, the remaining PBS was 
absorbed with absorbent paper, and 100 µL of 
cell lysate and protease inhibitor were added 
into each centrifugal tube. Transfer the above 
liquid to a 1.5 mL EP tube. Ultrasonication was 
performed intermittently in ice bath for 30 s, 
500 W, for 1 s, at intervals of 2 s, and centri-
fuged at 4°C and 14000 r/min for 25 minutes, 
and the supernatant was collected and packed 
in EP tube, and stored at -80°C. The extraction 
process of protein was carried out on ice to 
reduce protein hydrolysis.

Two-dimensional gel electrophoresis

Detailed descriptions of the laboratory meth-
ods and statistical analysis were proposed by 
Bilal A et al. 2017 [9]. For two-dimensional gel 
electrophoresis, protein was solubilized in 450 
L aqueous solution. IPG-strips (pH 3-10 nl) were 
rehydrated at 20°C with the protein extract. A 
2.4 ml plastic strip slot cover liquid was added 
to the IPG plastic strip slot and covered with a 
plastic cover [10]. One-dimensional electropho-
resis was started on the IPGphor electrode 
plate. SDS-PAGE gel was prepared, and second 
to SDS-PAGE gel electrophoresis was perfor- 
med in Ettan DALT Twelve. It took 3 hours for 
Coomassie Brilliant Blue R-250 staining. The 
gel was repeatedly washed with decolorizing 
solution made of ethanol and acetic acid until 
the protein spots were clear and the back-
ground was bright. The gel was stored in 10% 
glycerin for 1 day and scanned by laboratory 
scanning and image scanner software. The gel 
analysis was carried out by The ImageMaster V 
6.0 of GE. The volume% value of protein spots 
obtained was tested by Student’s T-Test in the 
Excel. The protein spots at P<0.05 were select-
ed as being differential protein spots, and the 
spots were removed from the gel using surgical 
blades and placed in 1.5 ml EP tubes to be 
detected by mass spectrometry.

Reflective tandem matrix assisted laser de-
sorption time-of-flight mass spectrometry

The extracted differential protein spots were 
detected by Beijing Yipu Biotechnology Co., Ltd. 
using Bruker’s New ultrafleXtreme type reflec-
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tive tandem matrix-assisted laser desorption 
time-of-flight mass spectrometry. The 2DE gel 
containing differential protein spots was first 
cut into about 1 mm3, then 50% acetonitrile  
25 mM NH4HCO3 was used to decolorize and 
freeze-dry the cut particles to complete the 
decolorization. Next we added 15 ng/ul (about 
3-5 ul) trypsin solution and incubate for 1 h at 
4°C. A certain volume of 25 mM NH4HCO3 was 
added until the colloidal particles were sub-
merged. The enzymatic hydrolysis time in the 
water bath was 16 hours, and the temperature 
was 37°C. To this 5% TFA aqueous solution  
was added and a 37°C water bath was applied 
for 1 hour. Then it went in a 2.5% TFA/50%  
ACN 37°C water bath for 1 h to extract the 
digested polypeptide, and the extract was 
freeze-dried to achieve enzymatic hydrolysis in 
the gel. The protein was identified by time of 
flight mass spectrometry and Swissprot 57.15.

Bioinformatics

Bioinformatics is a type of conceptual biology in 
the field of macromolecules. This is an interdis-
ciplinary subject related to medicine, biology, 

genomics, genetics, physiology, mathematics 
and computer science, which came along with 
the Human Genome Project. It is used for 
understanding and organizing information re- 
lated to biological macromolecules [11].

GO (Gene Ontology) analysis application DAV- 
ID (https://david.ncifcrf.gov/) website analysis 
[12] was used. GO analysis includes 3 modul- 
es: differentially expressed protein biological 
process, molecular function, and cellular com-
ponent. GO analysis was performed in https://
david.ncifcrf.gov/summary.jsp. KEGG (Kyoto En- 
cyclopedia of Genes and Genomes) pathway 
analysis used http://www.kegg.jp/website an- 
alysis, where each protein was entered to ana-
lyze its route [13]. PPI (protein-protein interac-
tion) analysis of protein interactions was per-
formed on the https://string-db.org/cgi/input.
pl website to establish a protein interaction 
network [14].

Results

The baseline characteristics of the study popu-
lation were shown in Table 1. We studied the 
factors affecting the progression of pneumoco-

Table 1. The general conditions of the research subject (n=31)

Factors
Dust deposition 

in the lungs 
(5, %)

Silicosis 
stage I 
(10, %)

Silicosis 
stage II 
(9, %)

Silicosis 
stage III 
(7, %)

χ2 P

age ≤50 4 (80) 5 (50) 6 (67) 5 (71) 1.568 0.745
>50 1 (20) 5 (50) 3 (33) 2 (29)

area North 3 (60) 5 (50) 2 (22) 4 (57) 2.902 0.467
South 2 (40) 5 (50) 7 (78) 3 (43)

smoking history Have 4 (80) 6 (60) 8 (89) 6 (86) 2.463 0.499
No 1 (20) 4 (40) 1 (11) 1 (14)

drinking history Have 1 (20) 4 (40) 4 (44) 2 (29) 1.122 0.841
No 4 (80) 6 (60) 5 (56) 5 (71)

dust exposure time (year) ≤10 1 (20) 3 (30) 4 (45) 5 (72) 6.847 0.332
10~20 3 (60) 6 (60) 2 (22) 1 (14)
>20 1 (20) 1 (10) 3 (33) 1 (14)

COPD Have 1 (20) 5 (50) 2 (22) 4 (57) 3.156 0.394
No 4 (80) 5 (50) 7 (78) 3 (43)

dust properties non-metal ore dust 4 (80) 3 (30) 6 (67) 5 (71) 7.529 0.208
metal ore dust 0 (0) 6 (60) 2 (22) 2 (29)
mixed dust 1 (20) 1 (10) 1 (11) 0 (0)

fatty liver Have 0 (0) 1 (10) 2 (22) 0 (0) 2.226 0.670
No 5 (100) 9 (90) 7 (78) 7 (100)

Kidney stones Have 2 (40) 6 (60) 5 (56) 1 (14) 3.980 0.274
No 3 (60) 4 (40) 4 (44) 6 (86)

Cardiovascular disease Have 2 (40) 6 (60) 1 (11) 1 (14) 6.057 0.099
No 3 (60) 4 (40) 8 (89) 6 (86)

Note: Since n=31, the exact Fisher method is used, and the statistic is χ2.
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niosis, such as age, region, smoking history, 
drinking history, exposure time, dust proper-

According to the culture condition, the adhe-
sion of macrophages in the pulmonary dust 

Figure 1. The macrophage morphology of silicosis. Note: A. The pulmonary 
dust deposition group. B. The silicosis stage I group. C. The silicosis stage 
II group. D. The silicosis stage III group. The scale bar was 50 μm. Arrows 
indicated swallowing macrophages (×400).

Figure 2. The ray-giemsa stained of alveolar macrophage. Note: A. Alveo-
lar lavage macrophages from patients with dusty lung disease. B. Alveolar 
lavage macrophages from patients with silicosis stage I. C. Alveolar lavage 
macrophages of patients with silicosis stage II. D. Alveolar lavage macro-
phages of patients with silicosis stage III. The scale bar was 50 μm. The red 
arrow pointed to the vacuole, the black arrow pointed to the nucleus, and the 
yellow arrow pointed to dust (×400).

ties, chronic obstructive pul-
monary disease (COPD), fatty 
liver, kidney stone and cardio-
vascular and cerebrovascular 
diseases, etc., and carried out 
statistical analysis. In order to 
obtain the distribution of vari-
ous risk factors in the four 
groups, they were defined as 
the pulmonary dust deposi-
tion group, the stage I silicosis 
group, the stage II silicosis 
group, and the stage III silico-
sis group.

The basic data included 31 
silicosis patients in this experi-
ment, after chi-square test, 
the above ten risk factors that 
may have affected the prog-
ress of silicosis were evenly 
distributed among the four 
groups. In addition, in order to 
avoid the influence of different 
nationalities on the results of 
proteomics, the 31 silicosis 
patients were all Han nation- 
ality. The 31 patients with sili-
cosis were homogeneous, and 
as such could be used for the 
comparative study of differen-
tial proteins between different 
populations.

Alveolar macrophage mor-
phology in lung lavage fluid of 
silicosis patients

After 2 hours of culture, mac-
rophages in lung lavage fluid 
showed good adhesion and 
growth, and some macroph- 
ages protruded from the ps- 
eudopod. Most macrophages 
engulfed a large amount of 
dust, such as the alveolar ma- 
crophages indicated by the 
arrows, and the dust had al- 
most filled the entire macro-
phages (Figure 1). Some mac-
rophages eventually ruptured 
and broke down due to engu- 
lfing a large amount of dust. 
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deposition group was the strongest, while that 
in the stage III silicosis group was not as good 
as that in the light-stage group.

Macrophages in the lung lavage fluid were 
seeded into 24-well plates with a certain con-
centration, and then cultured in a CO2 incuba-
tor for 2 hours. After fixation with paraformalde-
hyde, Wright’s Giemsa staining was performed 
to determine the morphology of alveolar macro-
phages in 4 patients with pneumoconiosis. In 
the field of view, the nucleus could be seen in 
the shape of a horseshoe distributed on both 
ends of the cell, and some cells had multiple 
nuclei, as indicated by the black arrow. As the 
aggravation of silicosis, the cytoplasmic com-
ponent increased, and the nucleus was squ- 
eezed to become smaller. Unstained vacuoles 
could be seen in the field of vision, and the red 
arrow pointed to the location, and the heavier 
the period, the more vacuoles. After staining, 

dark brown dust clumps were still unstained, as 
indicated by yellow arrows (Figure 2).

Two-dimensional gel electrophoresis differen-
tial protein spots

The pH value of the adhesive tape was 3-10  
NL, and the color mark indicates the range of 
10-170 KDa. According to the identification and 
analysis of Image Master v 6.0 software, 1500 
protein spots were matched in 4 gels of the pul-
monary dust deposition group. A total of 4619 
protein spots were matched with 9 gels in stage 
I silicosis group. In the stage II silicosis group, 
3049 protein spots were matched with 8 gels. 
In the stage III silicosis group, 4,713 protein 
spots were matched with 6 gels (Figure 3).

As shown in Table 2. The pulmonary dust syn-
drome group overlapped in 17 differential pro-
tein spots with the celiac group, the pulmonary 

Figure 3. The protein speckle pattern of two-dimensional gel electrophoresis. Note: A. The macrophage protein spot 
map of lung lavage fluid from patients with pulmonary dust deposition; B. Macrophage protein spot map of lung 
lavage fluid of silicosis stage I silicosis; C. Macrophage protein spot map of lung lavage fluid of silicosis stage II sili-
cosis; D. The macrophage protein spot map of lung lavage fluid in patients with stage III silicosis.
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dust syndrome group overlapped in 28 differ-
ential protein spots between the pulmonary 
dust-synostic group and the celiac group, and 
the pulmonary dust-destooma group overla- 
pped in six different protein spots. There were 
6 differential protein spots between the pul- 
monary dust deposition group and the stage 
silicosis group, and the match IDs were 3033, 
2789, 2726, 2649, 3207 and 3008. There 
were a total of 11 differential protein spots 
between the pulmonary dust deposition group 
and the stage II silicosis stage for diarrhea, and 
the match IDs were 3516, 3304, 2276, 1792, 
3008, 1821, 2967, 2805, 2376, 1857 and 
1349. There were 6 differential protein spots 
between the pulmonary dust deposition group 
and the stage III silicosis group, and the match 
IDs were 2828, 2863, 3681, 3704, 2959 and 
2965. A total of 23 spots were identified by 
mass spectrometry. Interestingly, the differen-
tial protein spot with Match ID of 3008 was dif-
ferent in both the pulmonary dust deposition 
group and the stage I silicosis group, and the 
pulmonary dust deposition group and the sta- 
ge II silicosis group, and it might be the key pro-
tein for the occurrence and development of 
silicosis.

Mass spectrometry results

The basic principle of mass spectrometry is to 
give a certain field strength of a protein, to 
break it into charged fragments and move them 
to a certain length of field strength. First-order 
mass spectrometry can detect all charged par-
ent ion fragments. On the basis of the first-
order mass spectrometry, the second-order 
mass spectrometry can further break down the 
parent ion fragments into smaller fragments  
to detect all the product ion fragments. In this 
experiment, the extracted differential protein 
spots were detected by Beijing Yipu Biotech- 
nology Co., Ltd. using Bruker’s New ultrafleX-
treme reflective tandem matrix-assisted laser 
desorption time-of-flight mass spectrometry. 

The reflection mode scan range was 900-4000 
Da. As shown in Figure 4, the abscissa was  
the mass-to-charge ratio and the ordinate was 
the intensity of the fragment. It can be seen 
that the mass-to-charge ratio of the secondary 
mass spectrum was significantly smaller than 
that of the primary mass spectrum. Generally, 
the results of the secondary mass detection 
and identification were more accurate.

The fragments identified by mass spectro- 
metry were searched and compared in the 
SwissProt 57.15 (515203 sequences; 18133- 
4896 residues) database. The search score 
limit was 30, P<0.05. Seven human proteins  
of ANXA4, PRDX4, ERP29, KRT10, FTL, ECHS1, 
and ALDH2 were identified through search and 
comparison. Their scores were 753, 999, 380, 
880, 742, 315, and 355, respectively.

Mass spectrometry results were retrieved from 
the SwissProt 57.15 database (Figure 5). The 
set score was 43. P<0.05 was statistically sig-
nificant and could be used to identify a certain 
protein. By searching and matching, the Match 
ID is 3033 and the protein spot score was 753, 
which was much larger than the set 43. 
Therefore, it could be determined that the 
Match ID 3033 protein spot was a human-
derived ANXA4 protein.

After analysis with Image Master v6.0 soft- 
ware and t-test with uneven variance, the dif-
ferential protein points obtained were cut out. 
They were compared with the new UltrafleXtre- 
me reflection tandem matrix-assisted laser 
desorption time-of-flight mass spectrometry 
with the SwissProt 57.15 database, and we 
identified two different proteins in the pulmo-
nary dust deposition group and the stage I sili-
cosis group, namely, membrane annexin A4 
(ANXA4) and recombinant human peroxide 
reductase 4 (PRDX4). There were five proteins 
in the pulmonary dust deposition and the stage 
I silicosis group, namely endoplasmic reticu- 

Table 2. The conditions of diverse protein spots
Factors S0 vs S1 S0 vs S2 S0 vs S3
Identify the number of difference points 17 28 6
Number of mass spectrometry identifications 6 11 6
Identification of the number of difference points 2 5 0
Note: S0 represented the pneumoconiosis group of lung, S1 represented the stage silicosis group, S2 represented the stage 
silicosis group, and S3 represented the stage silicosis group.
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Figure 4. The figure of the mass spectrum. Note: A. The primary spectrum; B. The secondary spectrum.
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lum protein 29 (ERP29), keratin type I cytos- 
keleton (KRT10), ferritin light chain (FTL), and 
mitochondrial enoyl-coenzyme A hydratase 
(ECHS1) and mitochondrial acetaldehyde dehy-
drogenase (ALDH2) (Table 3).

Bioinformatics analysis

The bioinformatics analysis of seven proteins 
identified by mass spectrometry was carried 
out. By labeling the function of each protein 

Figure 5. The spectrometry retrieval results for Match ID 3033 by MALDI-TOF-TOF mass.

Table 3. The mass spectrometry detection results of Protein spots

Match ID Abbreviation of 
protein name Full name of protein Comparative Group

3033 PRDX4 Peroxiredoxin-4 Pulmonary dust deposition and stage I
2789 ANXA4 Annexin A4 Pulmonary dust deposition and stage I
3516 KRT10 Keratin, type I cytoskeletal 10 Pulmonary dust deposition and stage II
3304 FTL Ferritin light chain Pulmonary dust deposition and stage II
3008 ECHS1 Enoyl-CoA hydratase Pulmonary dust deposition and stage II
2967 ERP29 Endoplasmic reticulum resident protein 29 Pulmonary dust deposition and stage II
1857 ALDH2 Aldehyde dehydrogenase, mitochondrial Pulmonary dust deposition and stage II



Study of differential proteins in alveolar macrophages in silicosis patients

87 Int J Clin Exp Med 2022;15(3):78-96

The biological processes of the FTL gene 
included: iron homeostasis, iron homeostasis, 
iron homeostasis and neutrophil degranula-
tion. Cell localization: autophagic vesicles, par-
ticle lumen of aniline blue, cytoplasm, extra- 
cellular matrix, intracellular ferritin complex, 
membrane. The molecular functions were: iron 
binding, protein binding, iron ion binding and 
protein binding.

The biological process of the ECHS1 gene  
was fatty acid β oxidation. Cell localization: ex- 
tracellular matrix, mitochondrial matrix, mito-
chondria. The molecular functions were: enoyl 
COA hydratase activation, protein linkage.

The biological processes of the ALDH2 gene 
included: alcohol metabolism, carbohydrate 
metabolism, electron transport chain, ethanol 
decomposition, ethanol oxidation and fatty 
acid β oxidation. Cell localization: extracellular 
matrix, mitochondrial matrix. Molecular func-
tions included: DNA linkage, activity of alde-
hyde dehydrogenase (NAD), activity of aldehy- 
de dehydrogenase (P) + and activity of electron 
transfer.

ERP29 participates in the pathway of protein 
production in the endoplasmic reticulum. FTL 
was involved in the pathway of mineral absorp-
tion. ALDH2 was involved in the following path-
ways: glycolysis and glycogenesis, pentose and 
glucuronide mutualism, ascorbate metabolism, 
fatty acid degradation, valine, leucine and iso-
leucine degradation, lysine degradation, argi-
nine and proline metabolism, histidine me- 
tabolism, tryptophan metabolism, β alanine 
metabolism, glycolipid metabolism, pyruvate 
metabolism, and metabolic pathways. The pa- 
thways involved in ECHS1 were: fatty acid elon-
gation, fatty acid degradation, valine, leucine 
and isoleucine degradation, lysine degradation, 
tryptophan metabolism, β alanine metabolism, 
alanine metabolism, methyl butyrate metabo-
lism, metabolic pathway, carbon metabolism, 
fatty acid metabolism. ALDH2 and ECSH1 were 
both involved in fatty acid degradation, valine, 
leucine and isoleucine degradation, lysine de- 
gradation, tryptophan metabolism, acetonate 
metabolism and metabolic pathways.

There were 17 nodes in the protein-protein 
interaction network, with an average score of 
4.24. The p-value of PPI abundance was 2.4e-

with bioinformatics, we found the signal path-
ways involved with the seven proteins and their 
relationship with the occurrence and develop-
ment of silicosis, and establish the interaction 
network of the seven proteins (Tables 4, 5).

The biological processes of the ANXA4 gene 
included Notch signaling pathway, epithelial  
differentiation, negative regulation of NF-κB 
transcription factor activity, negative regulation 
of apoptosis, negative regulation of catalytic 
activity, negative regulation of IL-8 secretion, 
RNA polymerase II, signal transduction [15]. 
Cell location: cell membrane, cytoplasm, ex- 
tracellular matrix, nucleus and nuclear mem-
brane, plasma membrane, vesicle membrane. 
The molecular functions were: NF-кB binding, 
calcium ion binding, calcium dependent phos-
pholipid binding, binding, calcium dependent 
protein binding, the same protein binding, 
phospholipase inhibitor activity.

The biological processes of PRDX4 gene includ-
ed: 4-hydroxyproline metabolism, I-kβ phos-
phorylation, cell redox homeostasis, cell oxida-
tive detoxification, extracellular matrix, male 
gonad development, as well as negative re- 
gulation of male germ cell proliferation, neutro-
phil degranulation, redox process, protein mat-
uration through protein folding, active oxygen 
metabolism and spermatogenesis.

The biological processes of the ERP29 gene 
included MAPK activation, negative regulatory 
gene expression [16], negative regulatory pro-
tein secretion, positive regulatory gene expres-
sion, positive regulatory protein phosphoryla-
tion, protein folding and unfolding, protein se- 
cretion, endoplasmic reticulum stress regulat-
ing internal apoptosis signal pathway. Cell 
localization: cell membranes, endoplasmic re- 
ticulum, endoplasmic reticulum cavity, extracel-
lular matrix, melanosome, smooth endoplas-
mic reticulum and transport vesicles. The 
molecular functions was chaperone binding, 
rather than protein disulfide isomerase activa-
tion [17].

The biological processes of the KRT10 gene 
included keratinization, keratinization, kerati-
nocyte differentiation and peptide cross-link-
ing. Cell localization: cytoplasm, extracellular 
matrix, intermediate filament, membrane and 
nucleus. The molecular functions were: the 
structure and composition of epidermis [18].



Study of differential proteins in alveolar macrophages in silicosis patients

88 Int J Clin Exp Med 2022;15(3):78-96

Table 4. Differences proteins in gene ontology
Match ID Gene Name Species GOTERM_BP_DIRECT GOTERM_CC_DIRECT GOTERM_MF_DIRECT
2789 ANXA4 Homo 

sapiens
GO:0006357~regulation of transcription from RNA polymerase 
II promoter,
GO:0007165~signal transduction,
GO:0007219~Notch signaling pathway,
GO:0030855~epithelial cell differentiation,
GO:0032088~negative regulation of NF-kappaβ transcription 
factor activity,
GO:0043066~negative regulation of apoptotic process

GO:0005634~nucleus,
GO:0005737~cytoplasm
GO:0005886~plasma membrane,
GO:0009986~cell surface,
GO:0012506~vesicle membrane,
GO:0031965~nuclear membrane,
GO:0048471~perinuclear region of cytoplasm,
GO:0070062~extracellular exosome

GO:0004859~Phospholipase inhibitor activity,
GO:0005509~calcium ion binding,
GO:0005515~protein binding,
GO:0005544~calcium-dependent phospholipid binding,
GO:0042802~identical protein binding,
GO:0048306~calcium-dependent protein binding,
GO:0051059~NF-kappaβ binding

2789 ANXA4 Homo 
sapiens

GO:0043086~negative regulation of catalytic activity,
GO:0050819~negative regulation of coagulation,
GO:2000483~negative regulation of interleukin-8 secretion

3033 PRDX4 Homo 
sapiens

GO:0007252~I-kappaβ phosphorylation,
GO:0007283~spermatogenesis,
GO:0008584~male gonad development,
GO:0019471~4-hydroxyproline metabolic process,
GO:0022417~protein maturation by protein folding,
GO:0030198~extracellular matrix organization,
GO:0045454~cell redox homeostasis,
GO:0055114~oxidation-reduction process,
GO:0072593~reactive oxygen species metabolic process,
GO:0098869~cellular oxidant detoxification,
GO:2000255~negative regulation of male germ cell proliferation

GO:0005615~extracellular space,
GO:0005623~cell,
GO:0005634~nucleus,
GO:0005739~mitochondrion,
GO:0005790~smooth endoplasmic reticulum,
GO:0005829~cytosol,
GO:0070062~extracellular exosome

GO:0005515~protein binding,
GO:0008379~thioredoxin peroxidase activity,
GO:0016209~antioxidant activity,
GO:0016491~oxidoreductase activity,
GO:0042803~protein homodimerization activity,
GO:0051920~peroxiredoxin activity

2967 ERP29 Homo 
sapiens

GO:0000187~activation of MAPK activity,
GO:0001934~positive regulation of protein phosphorylation,
GO:0006457~protein folding,
GO:0006886~intracellular protein transport,
GO:0009306~protein secretion,
GO:0010628~positive regulation of gene expression,
GO:0010629~negative regulation of gene expression,
GO:0043335~protein unfolding,
GO:0050709~negative regulation of protein secretion

GO:0005783~endoplasmic reticulum,
GO:0005788~endoplasmic reticulum lumen,
GO:0005790~smooth endoplasmic reticulum,
GO:0009986~cell surface,
GO:0016020~membrane
GO:0030133~transport vesicle,
GO:0042470~melanosome,
GO:0070062~extracellular exosome

GO:0003756~protein disulfide isomerase activity,
GO:0042803~protein homodimerization activity,
GO:0051087~chaperone binding,
GO:0042803~protein homodimerization activity,
GO:0051087~chaperone binding

3516 KRT10 Homo 
sapiens

GO:1902235~regulation of endoplasmic reticulum stress-
induced intrinsic apoptotic signaling pathway,
GO:0030216~keratinocyte differentiation

GO:0005615~extracellular space,
GO:0005634~nucleus,
GO:0005737~cytoplasm
GO:0005882~intermediate filament,
GO:0016020~membrane,
GO:0070062~extracellular exosome

GO:0030280~structural constituent of epidermis

3304 FTL Homo 
sapiens

GO:0006826~iron ion transport,
GO:0006879~cellular iron ion homeostasis,
GO:0006880~intracellular sequestering of iron ion,
GO:0055072~iron ion homeostasis

GO:0005623~cell,
GO:0005737~cytoplasm,
GO:0005829~cytosol,
GO:0008043~intracellular ferritin complex,
GO:0016020~membrane,
GO:0044754~autolysosome,
GO:0070062~extracellular exosome

GO:0005506~iron ion binding,
GO:0005515~protein binding,
GO:0008199~ferric iron binding,
GO:0042802~identical protein binding

1821 ALDH2 Homo 
sapiens

GO:0005975~carbohydrate metabolic process,
GO:0006066~alcohol metabolic process,
GO:0006068~ethanol catabolic process,
GO:0006069~ethanol oxidation

GO:0005759~mitochondrial matrix,
GO:0070062~extracellular exosome

GO:0004029~aldehyde dehydrogenase (NAD) activity,
GO:0004030~aldehyde dehydrogenase [NAD(P)+] activity,
GO:0009055~electron carrier activity,
GO:0016491~Oxidoreductase activity,
GO:0016620~oxidoreductase activity, acting on the alde-
hyde or oxo group of donors, NAD or NADP as acceptor

3008 ECHS1 Homo 
sapiens

GO:0006635~fatty acid beta-oxidation GO:0005739~mitochondrion,
GO:0005759~mitochondrial matrix,
GO:0070062~extracellular exosome

GO:0004300~enoyl-CoA hydratase activity,
GO:0005515~protein binding
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Table 5. Differences proteins in KEGG pathway
Match ID Gene Name Species KEGG_PATHWAY
2789 ANXA4 Homo sapiens
3033 PRDX4 Homo sapiens
2967 ERP29 Homo sapiens hsa04141: Protein processing in endoplasmic reticulum
3516 KRT10 Homo sapiens
3304 FTL Homo sapiens hsa04978: Mineral absorption
1821 ALDH2 Homo sapiens hsa00010: Glycolysis/Gluconeogenesis,

hsa00040: Pentose and glucuronate interconversions,
hsa00053: Ascorbate and aldarate metabolism,
hsa00071: Fatty acid degradation,
hsa00280: Valine, leucine and isoleucine degradation,
hsa00310: Lysine degradation,
hsa00330: Arginine and proline metabolism,
hsa00340: Histidine metabolism,
hsa00380: Tryptophan metabolism,
hsa00410: beta-Alanine metabolism,
hsa00561: Glycerolipid metabolism,
hsa00620: Pyruvate metabolism,
hsa01100: Metabolic pathways,
hsa01130: Biosynthesis of antibiotics

3008 ECHS1 Homo sapiens hsa00062: Fatty acid elongation,
hsa00071: Fatty acid degradation,
hsa00280: Valine, leucine and isoleucine degradation,
hsa00310: Lysine degradation,
hsa00380: Tryptophan metabolism,
hsa00410: beta-Alanine metabolism,
hsa00640: Propanoate metabolism,
hsa00650: Butanoate metabolism,
hsa01100: Metabolic pathways,
hsa01130: Biosynthesis of antibiotics,
hsa01200: Carbon metabolism,
hsa01212: Fatty acid metabolism

Figure 6. Different proteins in the interaction network.

08. ANXA4, PRDX4, ERP29, 
KRT10, FTL proteins were in- 
dependent of the network. 
ECHS1 and ALDH2 were locat-
ed in the network and have 
weak interaction. The thick-
ness of the line between pro-
teins represents the strength 
of the action. It can be seen 
from the Figure 6 that ECHS1 
had a strong connection and 
interaction with other prote- 
ins.

As shown in Table 6, there 
were 9 genes involved in the 
process of small molecule de- 
composition in protein inter- 
action network. There were 8 
genes involved in the process 
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Table 6. The biological process of differences proteins in network
pathway ID pathway description count in gene set false discovery rate
GO:0044282 small molecule catabolic process 9 1.12e-09
GO:0046395 carboxylic acid catabolic process 8 3.21e-09
GO:0006635 fatty acid beta-oxidation 5 9.61e-07
GO:0019752 carboxylic acid metabolic process 9 3.11e-06
GO:0055114 oxidation-reduction process 9 1.31e-05
GO:0032787 monocarboxylic acid metabolic process 7 3.44e-05
GO:0044281 small molecule metabolic process 11 3.76e-05
GO:0006631 fatty acid metabolic process 6 4.42e-05
GO:0009083 branched-chain amino acid catabolic process 3 0.00028
GO:0006629 lipid metabolic process 8 0.000295
GO:1901575 organic substance catabolic process 9 0.000295
GO:0033539 fatty acid beta-oxidation using acyl-CoA dehydrogenase 2 0.00516
GO:0006069 ethanol oxidation 2 0.0144
GO:0033540 fatty acid beta-oxidation using acyl-CoA oxidase 2 0.0164
GO:0050709 negative regulation of protein secretion 3 0.0316
GO:0006520 cellular amino acid metabolic process 4 0.0463

Table 7. The molecular function of differences proteins in network

pathway ID pathway description count in gene 
set

False discovery 
rate

GO:0003995 acyl-CoA dehydrogenase activity 6 2.49e-12
GO:0050662 coenzyme binding 7 1.25e-07
GO:0050660 flavin adenine dinucleotide binding 5 2.5e-06
GO:0016491 oxidoreductase activity 8 1.34e-05
GO:0016627 oxidoreductase activity, acting on the CH-CH group of donors 4 4.26e-05
GO:0003857 3-hydroxyacyl-CoA dehydrogenase activity 2 0.005
GO:0003997 acyl-CoA oxidase activity 2 0.005

of carboxylic acid decomposition. There were 5 
genes involved in the β oxidation of fatty acids. 
There were 9 genes involved in the process  
of carboxylic acid metabolism. There were 9 
genes involved in the process of oxidation-
reduction. There were 7 genes involved in the 
process of carboxylic acid metabolism. There 
were 11 genes involved in the process of small 
molecule metabolism. There were 5 genes 
involved in the process of fatty acid x oxida- 
tion. There were 6 genes involved in fatty acid 
metabolism. There were 3 genes involved in 
branched chain amino acid catabolism. There 
were 8 genes involved in lipid metabolism. 
There were 9 genes involved in organic matter 
catabolism. There were 2 genes involved in 
ethanol oxidation. There were 2 genes involv- 
ed in fatty acid oxidation of acyl-CoA oxidase. 
There were 3 genes involved in the negative 
regulation of protein secretion. There were 3 

genes involved in the negative regulation of 
protein secretion. There were 4 genes involv- 
ed in the process of amino acid metabolism of 
cells. The existence of each biological process 
was reasonable, FDR<0.05.

As shown in Table 7, there were 6 genes related 
to acyl-CoA dehydrogenase activity in the pro-
tein interaction network. There were 7 genes 
with molecular functions related to coenzyme 
linkage. There were 5 genes related to the  
binding of flavin adenine dinucleotide. There 
were 8 genes related to the activity of oxidore-
ductase. There were 4 genes related to the 
activity of oxidoreductase acting on CH-CH 
bond. There were 2 genes related to the acti- 
vity of 3-acylhydroxy-coa dehydrogenase. There 
were 2 genes related to the activity of acyl 
coenzyme A oxidation. The existence of each 
molecular function was reasonable, FDR<0.05.
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As shown in Table 8, there were 8 genes re- 
lated to the composition of mitochondrial ma- 
trix in the network. There were 9 genes related 
to the composition of mitochondria. There were 
10 genes related to the composition of extra-
cellular matrix. There were 6 genes related to 
the composition of mitochondrial component. 
There were 11 genes related to the composi-
tion of intracellular subcellular organelle lumen. 
There were 2 genes related to the composition 
of peroxidase matrix. There were 2 genes relat-
ed to the smooth endoplasmic reticulum com-
position. The existence of each molecular func-
tion was reasonable, FDR<0.05.

As shown in Table 9, there were 8 genes 
involved in the fatty acid degradation pathway 
in the network. There were 7 genes involved in 
the degradation pathway of valine, leucine and 
isoleucine. There were 7 genes involved in fatty 
acid metabolism pathways. There were 10 
genes involved in metabolic pathways. There 
were 3 genes involved in both octyl butyrate 
metabolism and the PPAR signaling pathway. 
There were two genes involved in unsaturated 
fatty acid biosynthesis, fatty acid elongation, 
alpha linolenic acid metabolism, beta alanine 
metabolism, propionic acid metabolism, trypto-
phan metabolism, lysine degradation, or peroxi-
some pathway. The existence of each pathway 
was reasonable, FDR<0.05.

Discussion

Silicosis is the earliest described pneumoco- 
niosis due to long-term inhalation of a large 
amount of dust containing free silica, which is 
mainly caused by pulmonary fibrosis [19]. Al- 
veolar macrophages (AM) are dust target cells 
that are activated by endogenous danger sig-
nals or pathogen-associated molecules (PA- 
MPs). Activated macrophages can recognize 

term dust stimulation can damage macro-
phages, cause them to rupture and disinte-
grate, which seriously affects the actin function 
of cells, reduces the number of false feet, and 
cause the loss of attachment habits of cell wall 
growth.

Proteins are the executor of physiological func-
tions and the direct embodiment of life phe-
nomena. Compared with the detection of a sin-
gle biological index, proteomics research has 
the characteristics of being high throughput, 
with strong pertinence, systematicness and 
integration, which greatly increased the com-
plexity of research, and with it the analysis of 
life phenomena is closer to the real biological 
functions. This has become the main method 
used to search for major disease markers wi- 
th unknown mechanisms. The application of 
proteomics in silicosis research involves 2-DE  
and mass spectrometry which were used to 
analyze the proteins in the serum of the ex- 
posed silicosis group and the control group. 
Eight kinds of serum differential proteins, such 
as transferrin, glutathione peroxidase, α-2 gly-
coprotein rich in leucine and tetracycline, were 
isolated and identified, which enriched the 
serum protein pool of silicosis and provided  
the basis for the early diagnosis of silicosis. 
Bastien Dalzon used two-dimensional gel elec-
trophoresis and mass spectrometry to analyze 
the toxic mechanism of nanoscale silica on 
macrophages. It was found that macrophages 
cultured in different culture medium stimulated 
silica macrophages with different particle sizes 
and concentrations, and there were differenc-
es in toxicity of different sources of macro-
phages to the same size and concentration of 
silica [22, 23]. In this study, two-dimensional 
gel electrophoresis and time-of-flight mass 
spectrometry were used to isolate and identify 
differential proteins in pulmonary alveolar mac-

Table 8. The cellular component of differences proteins in network

pathway ID pathway description count in 
gene set

false discovery 
rate

GO:0005759 mitochondrial matrix 8 2.36e-07
GO:0005739 mitochondrion 9 0.000793
GO:0070062 extracellular exosome 10 0.00285
GO:0044429 mitochondrial part 6 0.00726
GO:0070013 intracellular organelle lumen 11 0.00726
GO:0005782 peroxisomal matrix 2 0.0392
GO:0005790 smooth endoplasmic reticulum 2 0.0392

dust phagocytosis and pro-
duce reactive oxygen species 
and nitrogen and some pro-
inflammatory cytokines to kill 
invading pathogens. Macro- 
phages are constantly activat-
ed, constantly producing in- 
flammatory factors, and even-
tually leading to pulmonary 
fibrosis [20, 21]. Alveolar mac-
rophages, as targets of dust, 
play a role in recognizing and 
swallowing dust, but long- 
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rophages treated with lung lavage for patients 
with pulmonary dust deposition, stage I silico-
sis, stage II silicosis and stage III silicosis.  
There were two differential proteins between 
the pulmonary dust deposition group and the 
stage I silicosis group, PRDX4 and ANXA4. 
There were five differential proteins between 
the pulmonary dust deposition group and the 
stage II silicosis group, which were ERP29, 
KRT10, FTL, ECHS1 and ALDH2. Bastien Dal- 
zon used two-dimensional gel electrophoresis 
and mass spectrometry to study the change of 
core protein of J774 macrophages stimulated 
by CuO nanoparticles [23]. It was found that 
FTL, GCLM, HINT1, cGMP and PSMG1 ex- 
pressed differences in RPMI macrophages and 
RPMI macrophages cultured in two culture 
media. Catherine Aude-Garcia [24] analyzed 
the toxic effect of nano zinc oxide particles on 
macrophages by proteomic technology. It was 
found that there were differences in the eff- 
ects of ERP29, GCLM, MYD88, RUVBL2 and 
other proteins when zinc oxide and zirconia  
particles stimulated J774 macrophages. The 
results of this study were not exactly in line with 
the findings of Bastien Dalzon and Catherine 
Aude-Garcia. This may be due to different bio-
logical samples in the study. The biological 
samples they studied were sera from patients 
with silicosis and macrophages from J774. The 
biological samples in this study were alveo- 
lar macrophages from patients with silicosis. 
Different experimental results can be obtained 
by using different research samples.

At the beginning of the study design, we con- 
sidered the sensitivity of proteomics and the 
influence of many factors. The most important 
thing was that the alveolar macrophages were 
considered as the target cells of dust. In order 
to study the real mechanism of the occur- 
rence and development of silicosis, we finally 
selected the macrophages in the alveolar la- 
vage fluid of silicosis patients as biological 
samples. Silicosis was different from pneumo-
coniosis. Pneumoconiosis is a reversible dis-
ease. It is possible for patients to recover to a 
‘normal person’ when they are out of contact 
with dust. Therefore, those who had not been 
assessed as having pneumoconiosis were 
selected as the control group. In the experi-
mental process, for the individual differences 
in the population, the selection and exclusion 
criteria were strictly controlled. Macrophages 
were separated from the lung lavage fluid of sili-
cosis patients by two-dimensional gel electro-
phoresis. Every protein sample of every silico-
sis patient was completed by two-dimensional 
gel electrophoresis, instead of mixing every 
protein phase of silicosis into a protein pool for 
two-dimensional gel electrophoresis. In this 
way, the influence of individual differences on 
the whole cycle samples was avoided. Two-di- 
mensional gel electrophoresis was used to sep-
arate the macrophage protein in each alveolar 
lavage fluid, which increased the repeatability 
of the experiment and ensured the quality of 
the experimental results.

Table 9. The KEGG pathways of differences proteins in network
pathway ID pathway description count in gene set false discovery rate
00071 Fatty acid degradation 8 1.31e-15
00280 Valine, leucine and isoleucine degradation 7 3.54e-13
01212 Fatty acid metabolism 7 4.53e-13
01100 Metabolic pathways 10 3.23e-07
00650 Butanoate metabolism 3 7.03e-05
03320 PPAR signaling pathway 3 0.00111
01200 Carbon metabolism 3 0.00319
01040 Biosynthesis of unsaturated fatty acids 2 0.00485
00062 Fatty acid elongation 2 0.00509
00592 alpha-Linolenic acid metabolism 2 0.00509
00410 beta-Alanine metabolism 2 0.00679
00640 Propanoate metabolism 2 0.0076
00380 Tryptophan metabolism 2 0.0104
00310 Lysine degradation 2 0.0159
04146 Peroxisome 2 0.036
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Bruker’s New ultrafleXtreme reflective tandem 
matrix-assisted laser desorption time-of-flight 
mass spectrometry was compared with Swiss- 
Prot57.15 database search, which could find 
the co-identification of membrane adhesion 
protein A4 (ANXA4), recombinant human per-
oxidase 4 (PRDX4), endoplasmic retinin 29 
(ERP29), keratin type I cytoskeleton (KRT10), 
ferritin light chain (FTL), mitochondrial enoyl-
CoA hydratase (ECHS1), and mitochondrial ace- 
taldehyde dehydrogenase (ALDH2) as seven 
the proteins identified in this study. The remain-
ing 16 samples were detected by mass spec-
trometry, 11 of which did not reach the detec-
tion limit of the mass spectrometry, that is, no 
detection results. The detection results of the 
remaining 5 samples were cytoskeletal pro-
teins. There were 2 differential proteins bet- 
ween the pulmonary dust deposition group and 
the stage I silicosis group, 5 differential pro-
teins between the pulmonary dust deposition 
group and the stage II silicosis group, and there 
were no differential proteins between the pul-
monary dust deposition group and the stage III 
silicosis group. The ECHS1 protein with a match 
ID of 3008 was different between the pulmo-
nary dust deposition group and stage III silico-
sis group, the pulmonary dust deposition group 
and stage II silicosis group. ECHS1 protein is 
likely to be a key protein affecting the develop-
ment of silicosis.

After identifying the differential proteins by 
mass spectrometry and obtaining protein infor-
mation, bioinformatics was used to perform in-
depth analysis on GO, KEGG Pathway, and PPI. 
Bioinformatics was first proposed by Dutch 
theoretical biologists Paulien Hogeweg and 
Ben Hesper in 1978. It was a conceptual bio- 
logy in the field of macromolecules. It was a 
medical science, biology, an interdisciplinary 
discipline of genomics, genetics, physiology, 
mathematics, and computer science for under-
standing and organizing information related to 
biological macromolecules [11]. According to 
bioinformatics analysis, the RPKM value of the 
three proteins ALDH2 [25], ERP29, and FTL in 
the lung tissue were around 50. The RPKM val-
ues of the three proteins ECSC1, ANXA4, and 
PRDX4 in the lung tissue were 15-25. Interes- 
tingly, KRT10 only exists in skin tissue, and the 
detection of KRT10 in this experiment sug- 
gests that alveolar macrophages may be kera-
tinized. From the results of protein distribution, 

ALDH2, ERP29, and FTL were more distributed 
in lung tissues, which may be more related to 
the progress of silicosis, and more likely to be 
the key proteins for the development of sili- 
cosis.

According to bioinformatics analysis, the occur-
rence and development of silicosis may be due 
to one or more proteins mentioned above, and 
it may also be related to one or more signal 
pathways. This experiment was a preliminary 
study on the differential proteins of macro-
phages in different stages of silicosis [26]. If 
the key proteins affecting the development of 
silicosis need to be confirmed, a large number 
of validation experiments were needed to verify 
the stable expression of seven proteins, name-
ly ANXA4, PRDX4, ERP29, KRT10, FTL, ECHS1 
and ALDH2, in silicosis patients. These seven 
differential proteins were considered to be the 
key proteins in the carcinogenesis and develop-
ment of cancer. There was no exact functional 
pathway between PRDX4 and ANXA4. ANXA4 
was a member of membrane mucin family. PR- 
DX4 was the only known secretory protein of 
peroxisome reductase family. The existence  
of PRDX4 and ANXA4 in the pneumoconiosis 
group and the silicosis group suggest that dust 
may affect the membrane movement of macro-
phages, regulate the secretion of peroxisome 
reductase and damage macrophages and alve-
oli in the early stage of silicosis [27-29]. ECHS1 
and ALDH2 were mitochondrial proteins, which 
were involved in fatty acid degradation and 
amino acid metabolism, such as valine, leu-
cine, isoleucine, lysine and tryptophan [28,  
29]. ERP29 is an endoplasmic reticulum pro-
tein, which can change the transformation of 
mesenchymal epithelial cells [30, 31]. FTL par-
ticipates in the process of iron metabolism and 
inflammation [32, 33]. KRT10 can make cells 
keratinize. These proteins were present in the 
lung dust pulmonary dust deposition group and 
stage I silicosis group suggest that dust enter-
ing macrophages can cause subcellular organ 
damage. Dust constantly stimulates subcellu-
lar organelles to cause amino acid metabolism, 
where fatty acid metabolism disorders cause 
macrophages to keratinize, and lose phagocy-
tosis. According to the changes of alveolar mac-
rophages, it was inferred that with the occur- 
rence and development of silicosis the ability  
of macrophages to recognize dust decreases 
with the progress of silicosis. The reduction of 
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secreted redox proteins puts the lungs in a 
state of oxidative stress and inflammation. The 
dust entering the alveolar macrophages de- 
stroys important subcellular structures such  
as mitochondria and endoplasmic reticulum. 
Disorder of amino acid metabolism and fatty 
acid metabolism led to loss of phagocytic func-
tion of alveolar macrophages, which eventually 
led to pulmonary fibrosis.

In summary, based on protein omics and bioin-
formatics analysis, this research group con-
cluded that the seven proteins (ANXA4, PRDX4, 
ERP29, KRT10, FTL, ECHS1, and ALDH2) are 
proteins related to the occurrence and deve- 
lopment of silicosis in the 31 selected silicotic 
patients. These protein expressions of PRDX4, 
ANXA4, ERP29, FTL, and KRT10 promote the 
development of pneumoconiosis. The expres-
sion levels of ECHS1 and ALDH2 are changed 
due to pneumoconiosis. These proteins were 
the main proteins affecting the occurrence and 
development of silicosis, and provided refer-
ence basis for the research on the occurrence 
and development mechanism of silicosis in the 
future.

Conclusion

Application of differential proteomics and time-
of-flight mass spectrometry revealed that the 
proteins associated with silicosis development 
in alveolar macrophages were ANXA4, PRDX4, 
ERP29, KRT10, FTL, ECHS1, and ALDH2; which 
enriched the knowledge of alveolar macro-
phage proteins that occur in silicosis.

Bioinformatics analysis results of the main 
mechanisms of alveolar macrophages in silico-
sis: fatty acid metabolism, MAPK activity regu-
lation, oxidative stress, Notch signaling path-
way, and interleukin-8 secretion negative re- 
gulation.

The ECHS1 protein with Match ID 3008 was dif-
ferent between the pulmonary dust deposition 
group and stage I silicosis group, the pulmo-
nary dust deposition group and stage II silicosis 
group. ECHS1 protein is likely to be a key pro-
tein in the development of silicosis.
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