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Abstract
Objectives: Silicosis is a  chronic occupational lung disease. As was previously found by the  authors, some proteins increased in the  lung tissue 
of activated rats, and protein tyrosine phosphatase non-receptor type 2 (PTPN2), factor B, and vaccinia-related kinase 1 (VRK1) showed highly 
differential expressions. Material and Methods: In  this study, serum and bronchoalveolar lavage fluid samples were collected from patients with 
silicosis and healthy people to verify the expression of PTPN2, factor B, and VRK1. The diagnostic value of differentially expressed proteins for 
silicosis was judged. Results: The expression levels of serum PTPN2, VRK1, and factor B in patients with silicosis were significantly higher than those 
in the control group (p < 0.01). Higher serum PTPN2 and factor B concentrations significantly and negatively correlated with the ratio of forced 
expiratory volume in 1 s to forced vital capacity (FEV1/FVC), maximum vital capacity (VCmax), FEV1, and FVC, suggesting that the high expression 
of PTPN2 and factor B is associated with decreased pulmonary ventilation function and restrictive ventilatory impairment in patients with silicosis. 
All area under curve (AUC) measurements generated from single detection events were >0.744, with PTPN2 reaching the highest value (0.858). 
The AUC, sensitivity, and specificity for the combined diagnosis using factor B and PTPN2 were 0.907, 86.91% and 85.07%, respectively, for factor B 
and PTPN2. The 3 differentially expressed proteins are potential classes of predictive biomarkers for silicosis. Conclusions: Regarding the economy 
and test practicality, the best diagnostic combination is factor B and PTPN2 for the analysis of AUC, sensitivity and specificity. Int J Occup Med 
Environ Health. 2021;34(4):527 – 40
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INTRODUCTION
Silicosis is a condition with a high incidence by occupation. 
It  is a  consequence of the  prolonged inhalation of crys-
talline silica particles into the lungs, which thereby enter 
the distal air chambers. In developing countries, such as 
China, the complete control and prevention of silicosis is 

unrealistic in the short term [1]. Patients with silicosis not 
only lose their livelihood but also have a shorter life expec-
tancy [2]. However, clinical screening for silicosis still has 
to rely on radiological examinations and the  assessment 
of pulmonary function abnormalities, which can only be 
identified in the advanced stages of the disease.
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lation of the transcriptional repressors of EMT in snails, 
slugs, and snails-1  [8]. Although the  roles of PTPN2, 
VRK1, and factor  B (CFB) in the  pathogenesis of sili-
cosis have not been previously reported, these proteins 
may be key factors in the  occurrence and development 
of silicosis.
In this study, the serum and bronchoalveolar lavage fluid 
(BALF) samples were collected from patients with silico-
sis and healthy people to verify the expression of PTPN2, 
VRK1, and factor  B (CFB) in the  lungs. The  relation-
ships between the  differentially expressed proteins and 
lung function were analyzed, and the diagnostic value of 
the proteins for silicosis was determined. The aim was to 
provide a theoretical basis for the study of biomarkers of 
silicosis.

MATERIAL AND METHODS
Study participants
In May–November 2017, 191 patients with silicosis were 
recruited from the  Beidaihe Sanatorium of Chinese 
Coal Miners. Based on the  diagnostic criteria for silico-
sis (GBZ 70-2009 “China National Occupational Health 
Standard”), all patients were diagnosed and phased, and 
underwent whole-lung lavage (WLL) therapy. In  addi-
tion, 200 healthy miners were recruited from the Dong-
pang and Gequan Coal Mines of JIZHONG Energy 
Group Co., Ltd. The general health questionnaires were 
completed by the participants, and routine medical exami-
nations were conducted. The exclusion criteria were ap-
plied to all participants with autoimmune diseases, cardio-
vascular diseases, hematological malignancies and neo-
plasms. This study was an experiment involving humans 
following the  ethical guidelines of the  World Medical 
Association (the Declaration of Helsinki), and the prior 
informed consent of the  participants was obtained. 
The whole study was approved by the Ethics Committee 
of the North China University of Science and Technology, 
Tangshan, China (No. 2018021).

The identification of accurate and reliable biomarkers 
would enable an earlier detection of the condition before 
the irreversible changes that can be detected by radiology 
occur in the  lungs  [3]. Most studies have utilized clinical 
patient serum to determine whether certain cytokines are 
appropriate biomarkers [3,4]. Few researchers have used 
proteomics to screen for differentially expressed proteins, 
followed by testing with serum samples to assess their 
diagnostic value for silicosis. The  authors of this article 
created a  rat model that closely approximates the expo-
sure and development of silicosis in humans. Isobaric 
tags for relative and absolute quantitation (iTRAQ) tech-
nologies were used to identify the proteins differentially 
expressed in activated rat lung tissues. It  was revealed 
that 20 upregulated and 8 downregulated proteins exhib-
ited a ≥1.5-fold change relative to the controls. It was then 
found that the protein tyrosine phosphatase non-receptor 
type 2 (PTPN2), factor B (complement factor B [CFB]), 
and vaccinia-related kinase 1 (VRK1) concentrations in 
silicotic rats and SiO2-stimulated mouse lung epithelial 
cells (MLE-12) were significantly higher than in the con-
trol groups [5].
Generally, PTPN2 is an intracellular tyrosine phospha-
tase which has a nuclear localization sequence. The au-
thors’ previous work demonstrated that the  inhibition 
of epithelial-mesenchymal transition (EMT) by PTPN2 
can be achieved by dephosphorylating signal transducer 
and activator of transcription 3 (STAT3) [5]. Synthesized 
mainly by the  liver and macrophages, factor B (CFB) is 
a  single-chain glycoprotein which consists of 733 amino 
acid residues. It has been shown that factor B (CFB) is 
synthesized and released when the  macrophages re-
ceive stimuli such as transforming growth factor β1 or 
lipopolysaccharides [6,7]. In addition, the overexpression 
of VRK1 has been proven to lessen the migration of both 
monocytes and lamellae, changes that are accompanied 
by the  upregulation of the  Claudin-1 and epithelial-cell 
adhesion molecules E-cadherin, as well as the downregu-
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α = 0.05, δ = 0.08. Therefore, n = (1.96/0.08) * (1–0.7) 
* 0.7 = 126, which implied that >126 samples had to be 
collected in each group.

Sample collection
For all participants, blood samples were taken in the morn-
ing after 8 h of fasting, by means of a vacutainer tube punc-
tured with an IV. The anticoagulant-free 5 ml tubes were 
centrifuged at 1500 rpm for 10 min at a  temperature of 
20°C, and serum was stored at a  temperature of –80°C 
for the  subsequent enzyme-linked immunosorbent assay 
(ELISA) analysis.
The BALF samples of silicosis patients were centrifuged in 
a 50 ml centrifuge tube at a temperature of 4°C for 10 min 
at 1800 rpm. The supernatants were stored at a tempera-
ture of –80°C for western blot analysis.

Occupational dust exposure
A standard questionnaire about their work experience has 
been filled out by all participants. Every aspect of the par-
ticipant’s working life was factored in.

Pulmonary function tests
The pulmonary function of each participant was measured 
with a spirometer (Spirostik Complete, Geratherm, Ger-
many). Flow-volume curves were plotted for forced vital 
capacity (FVC), forced expiratory volume in 1 s (FEV1), 
the ratio of FEV1/FVC, maximum vital capacity (VCmax), 
the ratio of FEV1/VCmax, the peak expiratory flow (PEF), 
the expiratory reserve volume (ERV), the maximum vol-
untary ventilation (MVV), the flow speed of expired air 
by 25% of FVC (FEF25), the flow speed of expired air by 
50% of FVC (FEF50), and the flow speed of expired air 
by 75% of FVC (FEF75).

Western blot analysis
The quantification of total protein levels was performed 
using a Bradford assay (PC0020; Solarbio, Beijing, China) 

Given that the  BALF of healthy people cannot be col-
lected, the authors collected BALF samples from 12 coal 
miners who had underwent WLL therapy in the Beidaihe 
Sanatorium but were not diagnosed with pneumoconio-
sis. These 12 miners were designated as the observation 
group. The  authors also collected lavage fluid samples 
from 20 patients with silicosis in stage I, 12 patients in 
stage II, and 12 patients in stage III.

Definition of silicosis severity
The diagnosis of silicosis was made as per the 2000 Interna-
tional Labour Organization classification, in combination 
with the characteristic clinical and high-quality X-ray exami-
nation results  [9] for diagnostic criteria of pneumoconiosis. 
The criteria describe stages 0, I, II, and III as no disease, mild, 
moderate, and severe disease, respectively. Stage 0 for obser-
vation subjects refers to the  radiological findings on X-ray 
that cannot be identified as stage I  but require follow-up. 
The results of the diagnosis for each worker were recorded.

Sample size
When the estimated sensitivity is close to 50%, the follow-
ing formula can be used [10]:

	 n = (Zα /δ) * (1–p) * p� (1)

where:
n  – is the  required sample size and Zα is the  Z  value when 
the cumulative probability in the normal distribution is equal to 
α/2, such as Z0.05/2 = 1.96 or Z0.01/2 = 2.58;
δ – is the allowable error, generally set at 0.05–0.10;
p – is the sensitivity or specificity of the screening method to be 
evaluated.

Generally, sensitivity is used to estimate the sample size 
needed by the case group and specificity is used to estimate 
the sample size needed by the control group. The authors 
estimated sensitivity as 70% and specificity as 70%, with 
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plied to evaluate the  relationship between differential 
proteins, silicosis, and pulmonary function. Values were 
expressed as M±SD, with p-values <0.05 considered sta-
tistically significant.

RESULTS
Expression levels of 3 proteins in the BALF samples 
of patients with silicosis
Twelve observational patients and 44 patients with silico-
sis were recruited, and human BALF was collected. Then, 
the levels of PTPN2, VRK1, and factor B (CFB) in the su-
pernatants were determined using the western blot analy-
sis. As shown in Figure 1, the expression levels of PTPN2, 
VRK1, and factor B (CFB) in the BALF samples obtained 
from the patients with silicosis were clearly and significant-
ly elevated. In addition, the authors analyzed the  impact 
of smoking pack year and dust exposure years on the 
PTPN2, VRK1, and factor  B (CFB) proteins expression 
in the BALF specimens. As shown in Table 1, Spearman’s 
correlation analysis showed that smoking pack year and 
dust exposure years had no correlation with the expression 
of the 3 factors in the BALF specimens (p > 0.05).

Validation of increased proteins in the serum by ELISA
The authors collected serum samples from 191 patients 
with silicosis and from 200 healthy coal miners. No signifi-
cant differences in age, gender, dust exposure, or smoking 
and drinking habits were found to occur between the pa-
tients and healthy people (p > 0.05). The relevant demo-
graphic information is listed in Table 2.
The authors then validated the  PTPN2, VRK1, and 
factor B (CFB) expression levels in the  serum of the pa-
tients with silicosis and healthy subjects. As shown in 
Figure 2a–c, the expression levels of PTPN2, VRK1, and 
factor  B (CFB) were significantly higher in the  patients 
with silicosis. The  expression levels of serum PTPN2, 
VRK1, and factor  B  (CFB) in the  patients with silicosis 
were 2932.2±154.2, 317.9±15.1, and 1603.6±122.7 pg/ml, 

as described earlier. The proteolysates (20 μg/line) or BALF 
(20 μl/line) were isolated via SDS-PAGE on a 13% gel and 
transferred to polyvinylidene fluoride (PVDF) membranes 
by electrophoresis. A 5% skimmed dry milk blocking mem-
brane was incubated with factor  B (CFB) (GTX103570; 
GeneTex, Irvine, CA, USA), primary antibodies against 
PTPN2 (DF6629; Affinity Biosciences, Cincinnati, OH, 
USA), VRK1 (A7745; ABclonal Biotech, Boston, USA) 
overnight at a temperature of 4°C. The membranes were 
incubated with peroxidase-labeled secondary antibody 
(074-1506/074-1806; Kirkegaard and Perry Laboratories, 
Shanghai, China). The  ECL™ Prime Western Blotting 
assay reagent (RPN2232; GE Healthcare, Pittsburgh, 
USA) was utilized for the visualization of protein strips.

The ELISA analysis
Human serum samples were collected. Based on the man-
ufacturer’s instructions, the levels of PTPN2, VRK1, and 
factor  B (CFB) in the  specimens were identified with 
ELISA kits (MeiBiao Biological Technology Co., Ltd., 
Jiangsu, China).

The receiver operating characteristic (ROC)  
curve analysis
The ROC curve analysis of the serum protein levels was 
then conducted to determine the  threshold, area under 
the curve (AUC), sensitivity, and specificity of the serum 
proteins between the patients and the controls, in order to 
derive the optimum diagnostic accuracy for each protein.

Statistical analysis
An independent sample t-test was adopted for compari-
son between the  2 groups. The  1-way analysis of vari-
ance (ANOVA) was followed by a post-hoc analysis using 
Bonferroni’s test for comparisons between multiple in-
dependent groups. The χ2 test, ANOVA, and conditional 
effect plots were performed to compare the outcomes of 
the  groups, and multivariate logistic regression was ap-
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analyzed the  impact of smoking pack year and dust ex-
posure years on the  PTPN2, VRK1, and factor  B (CFB) 
proteins expression in the  serum specimens. As shown 

respectively, all of which were higher than the levels recorded 
in the control group (1376.0±43.4 pg/ml, 203.8±10.8 pg/ml, 
and 868.1±31.9 pg/ml) (p < 0.01). Equally, the  authors 
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The first 3 lanes of each band represent the observational patient group, the fourth–eighth lanes are the first-stage patient group,  
the ninth–11th lanes are the second-stage patient group, and the 12–14th lanes are the third-stage patient group.
The authors performed statistical analysis by stage, and by patient vs. observational subject. Statistical analysis was performed using a t-test 
with SPSS20.

Figure 1. The western blot analysis and corresponding densitometry data of the expression levels of a) protein tyrosine 
phosphatase non-receptor type (PTPN2), b) factor B (complement factor B [CFB]), and c) vaccinia-related kinase 1 (VRK1), 
in the bronchoalveolar lavage fluid (BALF) of patients with silicosis (N = 191) from the Beidaihe Sanatorium of Chinese Coal 
Miners, and healthy miners (N = 200) from the Dongpang and Gequan Coal Mines of JIZHONG Energy Group Co., Ltd.,  
May–November 2017, China
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Table 1. The correlation between smoking pack year, dust exposure years and the expression levels of protein tyrosine phosphatase 
non-receptor type 2 (PTPN2), vaccinia-related kinase 1 (VRK1), and factor B (complement factor B [CFB])  
in the bronchoalveolar lavage fluid (BALF) and serum samples obtained from patients with silicosis (N = 191)  
and healthy miners (N = 200), May–November 2017, China

Factor PTPN2 VRK1 Factor B (CFB)

BALF
dust exposure years

r 0.048 0.063 0.107
p 0.724 0.646 0.366

smoking pack year
r 0.028 –0.053 0.006
p 0.838 0.696 0.958

Serum
dust exposure years

r 0.042 0.068 0.000
p 0.403 0.179 0.993

smoking pack year
r 0.028 0.037 0.056
p 0.587 0.470 0.265

Table 2. Clinical data of patients with silicosis (N = 191) from the Beidaihe Sanatorium of Chinese Coal Miners, and healthy miners 
(N = 200) from the Dongpang and Gequan Coal Mines of JIZHONG Energy Group Co., Ltd., May–November 2017, China

Variable

Participants
(N = 391) 

p
control group

(N = 200)
stage I

(N = 96)
stage II

(N = 47)
stage III
(N = 48)

Sex (male) [n (%)] 200 (100) 96 (100) 47 (100) 48 (100) –
Age [years] (M±SD) 48.91±6.87 48.65±6.58 50.70±5.55 49.94±6.39 0.393
Dust exposure time [years] (M±SD) 18.28±6.71 17.19±9.59 20.81±7.09 21.15±8.06 0.315
Types of dust exposure [n (%)] 0.748

silica dust 99 (49.5) 42 (43.8) 22 (46.8) 25 (52.1)
mix dust 101 (50.5) 54 (56.2) 25 (53.2) 23 (47.9)

Smoking [n (%)] 0.619
yes 153 (76.5) 74 (77.1) 39 (83.0) 40 (83.3)
no 47 (23.5) 22 (22.9) 8 (17.0) 8 (16.7)

Drinking [n (%)] 0.935
yes 142 (71.0) 70 (72.9) 33 (70.2) 36 (75.0)
no 58 (29.0) 26 (27.1) 14 (29.8) 12 (25.0)

Stage I – mild disease; stage II – moderate disease; stage III – severe disease.
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specimens (p > 0.05). In addition, the correlation between 
the expression levels of the 3 protein factors in the serum 
and BALF samples was analyzed. As shown in Table  3,  

in Table  1, Spearman’s correlation analysis showed that 
smoking pack year and dust exposure years had no cor-
relation with the expression of the 3 factors in the serum 
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The expression levels of PTPN2 in the patient group are significantly higher than in the control group (p < 0.01).
The expression levels of factor B (CFB) in the patient group are significantly higher than in the control group (p < 0.01).
The expression levels of VRK1 in the patient group are significantly higher than in the control group (p < 0.01).
Stage I – mild disease; stage II – moderate disease; stage III – severe disease.

Figure 2. The a) protein tyrosine phosphatase non-receptor type (PTPN2), b) factor B (complement factor B [CFB]),  
and c) vaccinia-related kinase 1 (VRK1) expression levels in the serum of patients with silicosis (N = 191) from the Beidaihe 
Sanatorium of Chinese Coal Miners, and healthy miners (N = 200) from the Dongpang and Gequan Coal Mines  
of JIZHONG Energy Group Co., Ltd., May–November 2017, China
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The ROC curve analysis of PTPN2, 
VRK1, and factor B (CFB) in the serum 
of patients with silicosis and healthy miners
The ROC curve analysis was performed to better assess 
the clinical utility of each protein for silicosis prediction. 
The  AUC measurements generated from single detec-
tion events were >0.744, with the highest AUC concern-
ing PTPN2 (0.858) (Figure 3a). As shown in Table  6, 
when the  cut-off values of 1836 pg/ml, 284 pg/ml, and 
868 pg/ml were chosen for PTPN2, VRK1, and factor B 
(CFB), the sensitivity and specificity for the patients were 
70.68% and 91.04% for PTPN2, 49.74% and 86.07% for 
VRK1, and 81.68% and 74.63% for factor B (CFB), re-
spectively. In addition, the ROC analysis was performed 
on the expression of PTPN2, VRK1, and factor B (CFB) 
in the  BALF samples for comparison with the  AUCs in 
the serum. The results are shown in Table 7. At the same 
time, the  authors also performed the  ROC analysis on 
lung function parameters. The results showed that the best 
sample for an early diagnosis of silicosis was serum.
The diagnosis was performed using a  combination of  2 
and 3 proteins, and the results are shown in Table 4 and 
Figure 3b. The combined diagnosis with factor B (CFB) 
and PTPN2 produced the highest AUC (0.906), the single 
diagnosis with PTPN2 gave the  highest specificity 
(91.04%), and the  combined diagnosis with PTPN2 and 
factor B (CFB) gave the highest sensitivity (86.91%). With 
regard to the test economy and practicality of operation, 
a  combination of factor  B (CFB) and PTPN2 was opti-
mum for AUC, sensitivity, and specificity.

DISCUSSION
The many uses of patient serum include the early detec-
tion, diagnosis, risk prediction, and prognosis of the dis-
ease, and the monitoring of therapeutic response [11,12]. 
However, when using clinical patient serum samples for 
screening, individual nuances can affect the expression of 
serum proteins and even the  serum proteome. The  use 

Spearman’s correlation analysis showed that the  level of 
the  3 factors in BALF correlated with that in the  serum  
(p < 0.05 or 0.01).

Pulmonary function of healthy workers 
and patients with silicosis
In addition to ERV, the  other lung function parameters 
of the  patients with stage III silicosis were significantly 
lower than in the  healthy group (p < 0.05); in addition 
to ERV and PEF, the other lung function parameters of 
the patients with stage II silicosis were significantly lower 
than in the  healthy group (p < 0.05); while in the  pa-
tients with stage I silicosis, the lung function parameters, 
except ERV, PEF, and FEF75, were significantly lower than 
in the healthy group (p < 0.05). The results are shown in 
Table 4.

Correlation between lung function 
and  the differentially expressed proteins
The correlation between lung function parameters and 
the expression of PTPN2, VRK1, and factor B (CFB) was 
evaluated in the  samples of healthy people and patients 
with silicosis. Spearman’s correlation analysis showed 
that only FEV1(L) was correlated with the expression of 
PTPN2 (p < 0.05), and the  other lung function param-
eters were not correlated with the  3 factors (p > 0.05). 
The results are shown in Table 5.

Table 3. The correlation of expression of protein tyrosine 
phosphatase non-receptor type 2 (PTPN2), vaccinia-related 
kinase 1 (VRK1) and factor B (complement factor B [CFB]) 
in the serum and bronchoalveolar lavage fluid (BALF) samples 
obtained from patients with silicosis (N = 191) and healthy 
people (N = 200), May–November 2017, China

Parameter PTPN2 VRK1 Factor B (CFB)

r 0.307* 0.358** 0.346**
p 0.021 0.007 0.003

* p < 0.05; ** p < 0.01.
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Table 4. The pulmonary function of patients with silicosis (N = 191) from the Beidaihe Sanatorium of Chinese Coal Miners,  
and healthy miners (N = 200) from the Dongpang and Gequan Coal Mines of JIZHONG Energy Group Co., Ltd.,  
May–November 2017, China

Parameter

Participants
(N =391)
(M±SD)

control group
(N = 200)

stage I
(N = 96)

stage II
(N = 47)

stage III
(N = 48)

FEV1/FVC [%] 100.19±11.39 78.10±10.81a 76.35±12.24a 69.68±14.54a,b,c

FEV1/VCmax [%] 98.99±11.43 95.28±13.95a 91.84±14.37a 80.10±16.17a,b,c

PEF [l/s] 62.23±17.77 59.24±25.71 54.81±21.65 38.24±18.11a,b,c

ERV [l] 81.09±10.79 80.97±36.06 79.30±37.35 80.37±44.71
MVV [l/min] 82.73±18.80 76.00±20.60a 66.15±20.13a,b 46.62±16.30a,b,c

VCmax [l] 98.24±22.20 84.48±12.25a 81.62±16.06a 66.59±15.96a,b,c

FEV1 [l] 97.77±22.43 80.95±16.84a 75.34±18.75a 55.04±19.82a,b,c

FVC [l] 102.39±23.34 83.93±13.58a 80.70±16.66a 63.53±18.63a,b,c

FEF75 [l/s] 67.27±20.61 67.74±29.41 55.03±27.46a 37.85±17.54a,b,c

FEF50 [l/s] 88.36±26.95 70.41±30.32a 60.95±26.06a 35.33±19.65a,b,c

FEF25 [l/s] 96.74±41.79 61.74±25.77a 56.94±23.23a 37.03±18.90a,b,c

FVC – flow-volume curves were plotted for forced vital capacity; FEV1 – forced expiratory volume in 1 s; FEV1/FVC – the ratio of forced expiratory 
volume in 1 s to forced vital capacity; VCmax – maximum vital capacity; FEV1/VCmax – the ratio of forced expiratory volume in 1 s to maximum vital 
capacity; PEF – peak expiratory flow; ERV – expiratory reserve volume; MVV – maximum voluntary ventilation; FEF25 – flow speed of expired air 
by 25% of forced vital capacity; FEF50 – flow speed of expired air by 50% of forced vital capacity; FEF75 – flow speed of expired air by 75% of forced 
vital capacity.
a Compared with the healthy group (p < 0.05); b compared with stage I silicosis patients (p < 0.05); c compared with stage II silicosis patients 
(p < 0.05).

Table 5. The correlation between lung function and the differentially expressed proteins in the serum samples  
obtained from patients with silicosis (N = 191) from the Beidaihe Sanatorium of Chinese Coal Miners, and healthy miners (N = 200) 
from the Dongpang and Gequan Coal Mines of JIZHONG Energy Group Co., Ltd., May–November 2017, China

Parameter

Participants
(N = 391)

control group
(N = 200)

patients with silicosis
(N = 191)

PTPN2 VRK1 factor B (CFB) PTPN2 VRK1 factor B (CFB)

FEV1/FVC [%]
r –0.052 –0.022 –0.116 –0.001 –0.011 0.029
p 0.506 0.781 0.138 0.992 0.890 0.713

FEV1/VCmax [%]
r –0.006 –0.058 –0.077 0.000 –0.053 –0.056
p 0.942 0.455 0.323 0.997 0.503 0.483
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Parameter

Participants
(N = 391)

control group
(N = 200)

patients with silicosis
(N = 191)

PTPN2 VRK1 factor B (CFB) PTPN2 VRK1 factor B (CFB)

PEF [l/s]
r –0.150 –0.117 –0.082 0.007 –0.024 0.015
p 0.054 0.135 0.294 0.930 0.768 0.852

ERV [l]
r –0.017 –0.121 0.034 0.013 –0.041 –0.002
p 0.868 0.230 0.735 0.871 0.610 0.983

MVV [l/min]
r –0.027 0.025 –0.036 0.116 –0.117 –0.093
p 0.727 0.751 0.647 0.144 0.144 0.242

VCmax [l]
r –0.102 –0.014 –0.068 0.143 –0.096 –0.052
p 0.191 0.863 0.384 0.072 0.231 0.516

FEV1 [l]
r –0.158* –0.096 –0.118 0.093 –0.085 –0.043
p 0.043 0.216 0.129 0.242 0.284 0.586

FVC [l]
r –0.099 –0.015 –0.064 0.136 –0.100 –0.059
p 0.204 0.844 0.410 0.087 0.208 0.461

FEF75 [l/s]
r –0.115 –0.119 –0.023 0.054 –0.093 –0.064
p 0.139 0.128 0.768 0.501 0.246 0.423

FEF50 [l/s]
r –0.112 –0.098 –0.005 0.090 –0.092 –0.059
p 0.151 0.209 0.947 0.262 0.248 0.463

FEF25 [l/s]
r 0.025 0.011 –0.129 0.050 –0.045 –0.014
p 0.744 0.885 0.097 0.528 0.571 0.864

PTPN2 – protein tyrosine phosphatase non-receptor type 2; VRK1 – vaccinia-related kinase 1; CFB – complement factor B.
Other abbreviations as in Table 4.
* p < 0.05.

Table 5. The correlation between lung function and the differentially expressed proteins in the serum samples  
obtained from patients with silicosis (N = 191) from the Beidaihe Sanatorium of Chinese Coal Miners, and healthy miners (N = 200) 
from the Dongpang and Gequan Coal Mines of JIZHONG Energy Group Co., Ltd., May–November 2017, China – cont.
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Table 6. The diagnostic value of protein tyrosine phosphatase non-receptor type 2 (PTPN2), vaccinia-related kinase 1 (VRK1) 
and factor B (complement factor B [CFB]) for individual and combined detection in the serum of patients with silicosis (N = 191) 
from the Beidaihe Sanatorium of Chinese Coal Miners, and healthy miners (N = 200) from the Dongpang and Gequan Coal Mines 
of JIZHONG Energy Group Co., Ltd., May–November 2017, China

Factor AUC Sensitivity
[%]

Specificity
[%] 95% CI Cut-off

[pg/ml]

Factor B (CFB) 0.814 81.68 74.63 0.772–0.851 868

PTPN2 0.858 70.68 91.04 0.819–0.891 1836

VRK1 0.744 49.74 86.07 0.698–0.787 284

Factor B (CFB) + PTPN2 0.907 86.91 85.07 0.874–0.934 –

Factor B (CFB) + VRK1 0.811 73.82 81.09 0.769–0.849 –

PTPN2 + VRK1 0.881 80.10 83.08 0.845–0.911 –

Factor B (CFB) + PTPN2 + VRK1 0.906 85.86 86.57 0.873–0.933 –

AUC – area under the curve.

Table 7. The Receiver Operating Characteristic Curve analysis of protein tyrosine phosphatase non-receptor type 2 (PTPN2), 
vaccinia-related kinase 1 (VRK1) and factor B (complement factor B [CFB]) in the bronchoalveolar lavage fluid (BALF) 
and pulmonary function parameters in patients with silicosis (N = 191) from the Beidaihe Sanatorium of Chinese Coal Miners, 
and healthy miners (N = 200) from the Dongpang and Gequan Coal Mines of JIZHONG Energy Group Co., Ltd.,  
May–November 2017, China

Parameter AUC Sensitivity
[%]

Specificity
[%] 95% CI

PTPN2 0.704 75.0 66.7 0.517–0.852

VRK1 0.694 95.0 41.7 0.506–0.844

Factor B (CFB) 0.741 65.9 75.0 0.607–0.849

FEV1/FVC [%] 0.741 74.8 67.3 0.603–0.767

FEV1/VCmax [%] 0.574 46.8 73.5 0.509–0.637

PEF [l/s] 0.577 40.3 86.7 0.512–0.640

ERV [l] 0.599 53.9 59.0 0.534–0.661

MVV [l/min] 0.608 41.6 78.9 0.544–0.670

VCmax [l] 0.742 56.6 87.0 0.682–0.796

FEV1 [l] 0.758 59.7 80.7 0.699–0.811

FVC [l] 0.714 78.3 57.8 0.738–0.843

FEF75 [l/s] 0.529 15.6 96.4 0.464–0.593

FEF50 [l/s] 0.699 84.4 26.3 0.637–0.756

FEF25 [l/s] 0.780 64.9 69.3 0.723–0.830

Abbreviations as in Table 4.
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people to verify the expression of the 3 differential pro-
teins. The diagnostic value of the differentially expressed 
proteins for silicosis was also judged.
A number of protein tyrosine kinase targets can be de-
phosphorylated by PTPN2. The STAT family transcrip-
tion factors are translocated into the  nucleus after ac-
tivation, and can then be dephosphorylated and inacti-
vated as PTPN2 substrates  [13]. Various investigations 
have demonstrated that the  family members of STAT 
take an essential role in the  generation and develop-
ment of pulmonary fibrosis  [14]. Besides, the  aberrant 
activation of the STAT3 signaling pathway is involved in 
the occurrence of EMT, which is inhibited by lower IL-6 
concentration following STAT3 dephosphorylation. [15]. 
The  authors’ previous research showed that PTPN2 
could inhibit EMT by dephosphorylating STAT3 in sili-
cosis fibrosis  [5]. In  this study, the  data revealed that 
the concentrations of the serum factors, factor B (CFB) 

of animal models can reduce the impact of environmen-
tal and behavioral differences on the  proteome through 
strictly controlled experiments, facilitating the assessment 
of changes in the proteome that may be caused by the dis-
ease, and the validation of such changes based on an as-
sessment scale for clinical samples.
The authors used iTRAQ to quantitatively identify the in-
crease in proteins in the lung tissue of the activated rats. 
The  ensuant rat model closely approximates the  expo-
sure and development of silicosis in humans  [5]. A  total 
of  471  proteins were differentially expressed in the  sili-
cosis group compared with the  controls. It was revealed 
that 20 upregulated and 8 downregulated proteins exhib-
ited a ≥1.5-fold change relative to the controls. The dif-
ferential expression of PTPN2, factor B (CFB), and VRK1 
were confirmed in the model animals and lung epithelial 
cells [5]. So, in this study, the serum and BALF samples 
were collected from both patients with silicosis and healthy 
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Figure 3. The receiver operating characteristic curve analysis in the serum of patients with silicosis (N = 191) from the Beidaihe 
Sanatorium of Chinese Coal Miners, and healthy miners (N = 200) from the Dongpang and Gequan Coal Mines of JIZHONG 
Energy Group Co., Ltd., May–November 2017, China: a) for individual and combined diagnosis with protein tyrosine phosphatase 
non-receptor type (PTPN2), factor B (complement factor B [CFB]), and vaccinia-related kinase 1 (VRK1), b) for combined diagnosis 
with 2 and 3 proteins

a) b)
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combination was found to be that of factor B (CFB) and 
PTPN2. The AUC, sensitivity, and specificity for the com-
bined diagnosis using factor B (CFB) and PTPN2 were: 
0.907, 86.91% and 85.07%, respectively, for factor  B 
(CFB) and  PTPN2. There are some limitations of this 
study. First of all, the authors were not able to evaluate 
the dynamic changes in silicosis progression by continu-
ously monitoring biomarker concentrations in each pa-
tient. Second, a  larger sample size is needed to further 
clarify the  diagnostic performance of the  3 markers in 
silicosis screening.
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