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Abstract

BACKGROUND

Silicosis is a type of chronic pulmonary fibrosis caused by long-term inhalation of
silica dust particles. There has been no ideal biomarker for the diagnosis and
differential diagnosis of silicosis until now. Studies have found that elevated
neuron-specific enolase (NSE) concentration in the serum of silicosis patients is
helpful for diagnosis and severity assessment of the disease. However, the
number of cases in these studies was not enough to arouse attention.

AIM

To investigate the clinical significance of serum NSE in the diagnosis and staging
of silicosis.

METHODS

From January 2017 to June 2019, 326 cases of silicosis confirmed in Quanzhou First
Hospital Affiliated to Fujian Medical University were included in the silicosis
group. A total of 328 healthy individuals or medical patients without silicosis
were included in the control group. Serum NSE concentrations of all subjects were
determined by electrochemical luminescence.

RESULTS

There were no significant differences in sex, age, smoking index and
complications between the silicosis and control groups. The mean serum NSE
concentration was 26.57 £ 20.95 ng/mL in the silicosis group and 12.42 + 2.68
ng/mL in the control group. The difference between the two groups was
significant (U = 15187, P = 0.000). Among the 326 patients with silicosis, 103 had

1016 February 16,2021 | Volume9 | Issue5 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v9.i5.1016
http://orcid.org/0000-0003-4295-1552
http://orcid.org/0000-0003-4295-1552
http://orcid.org/0000-0003-4800-6834
http://orcid.org/0000-0003-4800-6834
http://orcid.org/0000-0001-8268-3244
http://orcid.org/0000-0001-8268-3244
http://orcid.org/0000-0003-3826-3482
http://orcid.org/0000-0003-3826-3482
http://orcid.org/0000-0002-4175-1148
http://orcid.org/0000-0002-4175-1148
http://orcid.org/0000-0001-5693-7802
http://orcid.org/0000-0001-5693-7802
http://orcid.org/0000-0001-7163-4236
http://orcid.org/0000-0001-7163-4236
mailto:236992065@qq.com

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ / creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Specialty type: Medicine, research
and experimental

Country/Territory of origin: China

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

Received: November 10, 2020
Peer-review started: November 10,
2020

First decision: November 29, 2020
Revised: December 12, 2020
Accepted: December 23, 2020
Article in press: December 23, 2020
Published online: February 16, 2021

P-Reviewer: Dudek M, Mueller S
S-Editor: Zhang L

L-Editor: Filipodia

P-Editor: Li JH

' A

Jaishideng®

WJCC | https://www.wjgnet.com

Huang HB ef al. Serum neuron-specific enolase

stage I silicosis, and the mean serum NSE concentration was 15.55 £ 6.23 ng/mL.
The mean serum NSE concentration was 21.85 + 12.05 ng/mL in 70 patients with
stage II silicosis. The mean serum NSE concentration was 36.14 + 25.72 ng/mL in
153 patients with stage III silicosis. Kruskal-Wallis H test suggested that the
difference in serum NSE concentration in silicosis patients in the three groups was
significant (H = 130.196, P = 0.000). Receiver operating characteristic curve
analysis indicated that the area under the curve was 0.858 (95% confidence
interval: 0.828-0.888; P = 0.000). When the NSE concentration was 15.82 ng/mL,
the Jorden index was the largest, the sensitivity was 72%, and the specificity was
90%.

CONCLUSION
Serum NSE concentration may be a promising biomarker for the diagnosis and
assessment of severity of silicosis.

Key Words: Silicosis; Neuron-specific enolase; Receiver operating characteristic curve;
Disease stage; Biomarker; Diagnosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The purpose of this study was to investigate the clinical significance of serum
neuron-specific enolase (NSE) in the diagnosis and staging of silicosis. The results
showed that the serum NSE concentration of silicosis patients was significantly higher
than that of non-silicosis patients. With the progression of silicosis, NSE concentration
increased gradually. The receiver operating characteristic curve suggested that when
the diagnostic threshold of NSE was 15.82 ng/mL, the area under the curve was 0.858 (
P = 0.000), with sensitivity of 72% and specificity of 90%. To the best of our
knowledge, this study is the largest study on silicosis biomarkers to date.

Citation: Huang HB, Huang JL, Xu XT, Huang KB, Lin YJ, Lin JB, Zhuang XB. Serum
neuron-specific enolase: A promising biomarker of silicosis. World J Clin Cases 2021; 9(5):
1016-1025

URL: https://www.wjgnet.com/2307-8960/full/v9/i5/1016.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i5.1016

INTRODUCTION

Silicosis is a type of chronic pulmonary fibrosis caused by long-term inhalation of
silica dust particles. The diagnosis of silicosis!"! is mainly based on occupational
history, symptoms and imaging, among which imaging is the current gold standard.
However, in practice, in some cases (unsuitable for chest X-ray during pregnancy,
atypical chest X-ray appearance in early stage of disease, and difficulties in differential
diagnosis after chest X-ray examination), chest X-ray examination cannot fully meet
the clinical needs. Therefore, laboratory tests are needed to assist in differential
diagnosis. Unfortunately, there has been no ideal biomarker for the diagnosis and
differential diagnosis of silicosis until now.

Neuron-specific enolase (NSE) is one of the isoenzymes of enolasel”, which exists
specifically in neurons, neuroendocrine cells and oligoglial cells and is usually not
secreted’l. However, excessive release of NSE into the blood under pathological
conditions can lead to elevated serum NSE concentrations. Therefore, serum NSE can
be used to evaluate neuronal and neuroendocrine cell damage and provide diagnostic
information for neuroendocrine neoplasmst“*.

Studies have found that elevated NSE concentration in serum of silicosis patients
was helpful for diagnosis and severity assessment of the diseasel™'"l. However, the
number of cases in these studies was not enough to arouse attention. In this study, the
sample size was increased and the design was improved to further explore the role of
serum NSE concentration in the diagnosis and staging of silicosis.

1017 February 16,2021 | Volume9 | Issue5 |
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MATERIALS AND METHODS

Participants

The silicosis group comprised patients with silicosis confirmed in Quanzhou First
Hospital Affiliated to Fujian Medical University (Fujian, China) (outpatients or
inpatients) between January 2017 and June 2019. Healthy individuals or internal
medicine patients without silicosis (outpatients or inpatients) formed the control
group. The study was approved by the Ethics Committee of Quanzhou First Hospital
Affiliated to Fujian Medical University, and all participants gave signed informed
consent.

Silicosis group

Inclusion criteria for the silicosis group were: Definite history of silica dust exposure
for 6 mo, silicosis confirmed by chest X-ray!l, and continued follow-up for 6 mo to
exclude the possibility of complicated malignant tumor. The exclusion criteria were:
Lung malignancies (including non-small-cell lung cancer and small-cell lung cancer),
neuroblastoma, previous or present history of other systemic malignancies, acute
cerebrovascular disease (including cerebral hemorrhage and cerebral infarction),
epilepsy, acute brain trauma; Creutzfeldt-Jakob disease, Alzheimer’s disease and
vascular dementia, schizophrenia; Guillain-Barré syndrome, chronic obstructive
pulmonary disease, or tuberculosis.

Sample size estimation
The required sample size was estimated according to the formula for diagnostic tests
(Figure 1).

According to relevant literature review!), the sensitivity was 0.7 and specificity was
0.85, a was 0.05 and d was 0.05. After calculation, n, and n, were 323 and 196,
respectively. Considering the possibility that the participants may be lost to follow-up,
the number of cases should be increased appropriately. In conclusion, the sample size
of both the silicosis group and the control group was 330 cases.

Follow-up

All participants were followed up for 6 mo after blood sample collection (outpatient or
telephone follow-up) to determine whether silicosis, malignant tumor and other
diseases were diagnosed within the last 6 mo.

Final inclusion status

The silicosis group initially included 330 patients, among whom 4 were excluded due
to loss of follow-up data (Table 1). A total of 326 patients were eventually included:
322 males and four females, with an average age of 47.9 + 9.8 years, and an average
silica dust exposure history of 16.9 + 7.2 years. There were 87 patients who had never
smoked, 90 who had quit smoking, and 149 who currently smoked. The median
smoking index was 20 pack-years. There were 103 cases of silicosis stage I, 70 of
silicosis stage II and 153 of silicosis stage III. There were 7 cases of pulmonary
hypertension, 62 of pulmonary infection, 46 of organizing pneumonia eight of
bronchiectasis, 17 of pneumothorax, 3 of diabetes, 8 of hypertension, 6 of arrhythmia,
and 6 of coronary heart disease. The control group initially included 330 participants,
of whom 2 were excluded due to loss of follow-up data. A total of 328 participants
were finally included: 324 males and four females, with an average age of 46.4 + 13.6
years. There were 80 participants who had never smoked, 93 who had quit smoking,
and 155 who currently smoked. The median smoking index was 20 pack-years. There
were 170 healthy individuals, and 5 participants with pulmonary hypertension, 61
with pulmonary infection, 23 with organizing pneumonia, 8 with bronchiectasis, 5
with pneumothorax, 12 with diabetes, 20 with hypertension, 11 with arrhythmia and
13 with coronary heart disease.

Serum NSE detection

Venous blood (4 mL) was extracted from all participants in the morning. The blood
samples were centrifuged at 1000 g for 6 min and the supernatant was extracted and
stored at -80 °C. Serum NSE concentrations were detected by electrochemical
luminescence. The detector (Cobas800 automatic immune analyzer) and the kit were
purchased from Roche, Switzerland. Each blood sample was tested three times and the
average value was taken as the final result. During the test, the relevant personnel
were blinded.
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Table 1 Demographic and clinical characteristics of the patients
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Characteristics Silicosis group, n = 326 Control group, n = 328
Age in yr 479+9.8 464 +13.6
Sex

Men (%) 322 (98.8) 324 (98.8)
Women (%) 4(1.2) 4(12)
Dust-exposing time, yr 16972 N/A
Smoking status

Never smoked (%) 87 (26.7) 80 (24.4)
Former smoker (%) 90 (27.6) 93 (28.3)
Current smoker (%) 149 (45.7) 155 (47.3)
Stage of silicosis

I (%) 103 (31.6) N/A

1 (%) 70 (21.5) N/A

11T (%) 153 (46.9) N/A
Coexisting conditions

Pulmonary infection (%) 7(2.1) 5(1.5)
Pulmonary hypertension (%) 62 (19.0) 61 (18.6)
Organizing pneumonia (%) 46 (14.1) 23 (7.0)
Bronchiectasis (%) 8(2.5) 8(2.4)
Pneumothorax (%) 17 (5.2) 5(1.5)
Diabetes (%) 3(0.9) 12 (3.7)
Hypertension (%) 8 (2.5) 20 (6.1)
Arrhythmia (%) 6 (1.8) 11 (3.4)
Coronary heart disease (%) 6 (1.8) 13 (4.0)

N/ A: Not available.

no= 5
[zjj Sp (1= 5p)
a, = - 52

Figure 1 Formula for diagnostic tests.

JBaishideng®

Statistical analysis

Statistic Package for Social Science for Windows version 19.0 was used for statistical
analysis. Data with normal distribution are expressed as the mean * standard
deviation, and data with non-normal distribution are expressed as the median. One-
way analysis of variance was used for data with homogeneous variance, and the
Mann-Whitney U test or Kruskal-Wallis H test was used for data with heterogeneous
variance. Numerical data are expressed as the rate or composition ratio. The R x C
table y? test was used for comparison of numerical data. The area under the curve
(AUC) was calculated by drawing the receiver operating characteristic (ROC) curve,
and the optimal threshold was selected accordingly. P < 0.05 was considered

statistically significant.
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RESULTS

Demographic characteristics

The ¥? test showed that there was no significant difference in sex and complications
between the silicosis and control groups (y*= 0.000, P = 1.000 and x*= 0.219, P = 0.640,
respectively). The Mann-Whitney U test showed that there was no significant
difference in age and smoking index between the two groups (U = 50632, P = 0.241 and
U =50688.5, P = 0.244, respectively).

Serum NSE concentration

Serum NSE concentration of the silicosis group was 26.57 + 20.95 ng/mL, compared
with 12.42 + 2.68 ng/mL in the control group (Figure 2). The Mann-Whitney U test
showed that serum NSE concentration in the silicosis group was significantly
increased compared with that in the control group, and the difference between the two
groups was significant (U = 15187, P = 0.000).

Comparison of stages of silicosis

Among the 326 patients with silicosis, 103 with stage I silicosis had an average age of
48.5 +10.3 years, average silica dust exposure history of 15.7 + 7.8 years, average time
free from silica dust exposure of 9.5 + 5.6 years, and average serum NSE concentration
of 15.55 + 6.23 ng/mL (Figure 3). Seventy patients with stage II silicosis had an average
age of 48.1 £ 10.7 years, average silica dust exposure history of 17.1 + 8.4 years, average
time free from silica dust exposure of 5.9 + 4.1 years, and average serum NSE
concentration of 21.85 + 12.05 ng/mL. The average age of 153 patients with stage III
silicosis was 47.4 + 9.0 years, average silica dust exposure history was 17.6 + 6.0 years,
average time free from silica dust exposure was 4.9 + 3.2 years, and average serum
NSE concentration was 36.14 + 25.72 ng/mL. One-way analysis of variance suggested
that there was no significant difference in age among the three groups (F = 0.372, P =
0.690). Kruskal-Wallis H test suggested that serum NSE concentrations of silicosis
patients in the three groups were significantly different (H = 130.196, P = 0.000).
Pearson correlation analysis indicated that there was no linear correlation between
serum NSE concentration and silica dust exposure history (R = -0.009, P = 0.875). There
was a negative correlation between serum NSE concentration and time free from silica
dust exposure (R =-0.139, P = 0.012).

ROC curve analysis

The AUC was 0.858 (95% confidence interval: 0.828-0.888, P = 0.000) (Figure 4). When
the NSE value was 15.82 ng/mL, the Jorden index was the largest, the sensitivity was
72%, and the specificity was 90%.

DISCUSSION

The purpose of this study was to investigate the role of serum NSE concentration in
the diagnosis and staging of silicosis. The results showed that the serum NSE
concentration of silicosis patients was significantly higher than that of non-silicosis
patients. With the progression of silicosis, NSE concentration increased gradually. The
ROC curve suggested that when the diagnostic threshold of NSE was 15.82 ng/mL,
the AUC was 0.858, with sensitivity of 72% and specificity of 90%. These results
suggest that serum NSE can be used in the auxiliary diagnosis of silicosis, and to some
extent, reflects the severity of the disease. To the best of our knowledge, this study is
the largest study on silicosis biomarkers so far.

Silicosis is a type of chronic pulmonary fibrosis caused by long-term inhalation of
silica dust particles. Silicosis is one of the occupational diseases with the highest
number of cases reported annually in China?. To date, the diagnosis of silicosis is still
mainly based on chest X-ray!"l. This has caused difficulty in clinical practice as: Some
patients (such as pregnant women) are not suitable or unwilling to accept X-ray
examination; due to the technical limitations of X-ray examination, the early
recognition rate for many diseases including silicosis is low; and due to the similarity
of imaging manifestations, chest X-ray is often not able to distinguish silicosis from
acute pulmonary miliary tuberculosis, mediastinal lymph node tuberculosis,
sarcoidosis and other diseases. In these cases, clinicians often hope to obtain further
evidence through laboratory tests to assist in diagnosis and differential diagnosis.
Therefore, it is particularly important to study the biomarkers related to silicosis.
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Figure 3 Comparison of serum neuron-specific enolase concentrations among patients with different stages of silicosis.
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NSE is one of the isoenzymes of enolasel”, which exists specifically in neurons,
neuroendocrine cells and oligoglial cells and is usually not secreted. Excessive release
of neuron-specific enolase into the blood under pathological conditions can lead to
elevated serum neuron-specific enolase concentrations. Serum neuron-specific enolase
can be used to evaluate neuronal and neuroendocrine cell damage!”! and provide
diagnostic information for neuroendocrine neoplasms!®l.

Similar to the gastrointestinal tract, the lung is an endocrine organ. Pulmonary
neuroendocrine cells are scattered and distributed in other epithelial tissues!*'l. Many
neuroactive substances have been found involving in a variety of physiological and
pathophysiological processes, such as lung growth and development, and respiratory
damage repair!””. During the pathophysiological development of silicosis, silica dust
particles continuously stimulate lung tissue, causing local damage and activating the
body’s repair mechanism. In the process of sustained lung injury and repair,
pulmonary neuroendocrine cells are also activated!l. Elizegi ef all'! found that the
neuroendocrine cells in a silicosis mouse model had excessive proliferation, and their
secretion of peptide substances (such as NSE) also increased. Excessive secretion of
NSE directly into the blood or release into the blood after neuroendocrine cell injury
can lead to increased serum NSE concentration in silicosis patients. This may be the
pathophysiological mechanism of elevated NSE concentration in silicosis patients.

Previously, some researchers have explored the relationship between NSE and
silicosis. Zhang et al”! found that serum NSE concentrations in the silicosis group was
significantly higher than that of the healthy group. The area under the diagnostic
curve of NSE was 0.804. When the diagnostic threshold of NSE was 12.9 ng/mL, the
diagnostic sensitivity and specificity of NSE were 71% and 84%, respectively.
Therefore, they believed that serum NSE had good sensitivity and specificity for
diagnosis of silicosis, and might become a serological auxiliary diagnostic indicator for
silicosis. However, that study had some shortcomings including insufficient sample
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size; and only healthy people were recruited as the control group, excluding patients
with similar symptoms. Fang et al'’! reported that the serum NSE concentration of the
silicosis group was significantly higher than that of the healthy control group. NSE
concentration in bronchoalveolar lavage fluid was also detected in 20 patients, and
NSE concentration in bronchoalveolar lavage fluid was higher than serum NSE
concentration. Among the 14 patients who underwent whole-lung lavage and had
complete preoperative and postoperative laboratory data, serum NSE concentration
decreased in 11 patients. Lung biopsy was performed in one of the patients, and
immunohistochemistry suggested positive NSE. Therefore, it is suggested that serum
NSE concentration provides diagnostic information for the assessment of silicosis
severity. That study also had some shortcomings including insufficient sample size, no
ROC curve provided; and as a retrospective study, lung function examination and
specimen examination were not simultaneous, and some clinical data were missing.
On this basis, Fang and colleagues!"! increased the sample size (160 cases in both the
silicosis and control groups), and reported a similar study again in 2017, with results
similar to those in 2014.

Other researchers have studied biomarkers of silicosis, including CA125""", Club
cell protein 16"%"], Krebs von den Lungen-6["*), surfactant protein D™, matrix
metalloproteinase-2”, matrix metalloproteinase-9%!], tumor necrosis factor (TNF)-al*},
heme oxygenase-1%*), interleukin-6", interleukin-10#, soluble TNF receptor 1],
soluble TNF receptor 21", neopterin*l, miR-19a"!, miR-146a*"l, L-selectin!*”}, homeobox
mobility group protein B1F”, and angiotensin-converting enzymell. However, the
sample size of these trials was small, and the clinical significance remains to be further
determined.

The advantages of this test were as follows. The sample size was calculated strictly
according to the diagnostic test sample size formula, and a sufficient number of study
cases were included. The silicosis group included patients with stage I, II and III
silicosis, as well as patients with or without complications. In addition to healthy
volunteers, the control group included patients with common medical diseases.
Patients in the silicosis group were followed up for 6 mo, during which time, no
diagnosis of malignant tumor or neurological disease was reported.

At the same time, this study also had some limitations. First of all, we used disease
stage, rather than lung function, to assess the severity of silicosis, so data on lung
function were not collected. Second, this study only followed up for 6 mo, and no
pathological biopsy was performed, so the possibility of complicated early
neuroendocrine tumor could not be completely ruled out.

CONCLUSION

In summary, elevated serum NSE concentration in silicosis patients is associated with
disease stage. Serum NSE concentration can be used as a biomarker for diagnosis and
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severity assessment of silicosis.

ARTICLE HIGHLIGHTS

Research background

The diagnosis of silicosis is mainly based on occupational history, symptoms and
imaging, among which imaging is the current gold standard. However, in some cases,
chest X-ray examination cannot fully meet the clinical needs. There has been no ideal
biomarker of silicosis until now.

Research motivation

Studies have found that elevated neuron-specific enolase (NSE) concentration in
serum of silicosis patients was helpful for diagnosis and severity assessment of the
disease. However, there were many deficiencies in these studies. Among them, the
most important deficiency was insufficient sample size.

Research objectives

The purpose of this study was to investigate the clinical significance of serum NSE in
diagnosis and staging of silicosis. We hypothesized that the serum NSE concentration
of silicosis patients was higher than that of non-silicosis patients, and the serum NSE
concentration of silicosis patients increased with the progression of disease stage.

Research methods

The study was carried out in strict accordance with the criteria of diagnostic tests. The
required sample size was estimated according to the formula for diagnostic tests. In
addition, many measures had been taken to control bias.

Research results

The results agreed with our hypothesis. The results showed that the serum NSE
concentration of silicosis patients was significantly higher than that of non-silicosis
patients. With the progression of silicosis, NSE concentration increased gradually. The
receiver operating characteristic curve suggested that when the diagnostic threshold of
NSE was 15.82 ng/mL, the area under the curve was 0.858, with sensitivity of 72% and
specificity of 90%.

Research conclusions
Serum NSE concentration may be a promising biomarker for diagnosis and assessment
of severity of silicosis.

Research perspectives

Subsequently, we hope to increase the sample size to further evaluate the role of
serum NSE concentrations in the diagnosis of silicosis patients and determine the
optimal cut-off value. We also hope to conduct further studies on the pathophysi-
ological mechanism of elevated serum NSE concentration in silicosis patients.
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