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Abstract
Pneumoconiosis is a group of occupational lung diseases caused by inhalation of particles of coal,
asbestos, silica, or similar substances, leading to �brosis and loss of lung function. It is the most serious
and common occupational disease in the world with an increased incidence but poor prognosis. To
further investigate the regulatory mechanisms of lipidomic pro�les in pneumoconiosis, we measured
plasma lipidomic pro�les between pneumoconiosis patients and health. Compared with healthy people,
the circulating levels of phosphatidylethanolamine (PE) signi�cantly increased while
phosphatidylcholines (PC) and lysophosphatidylcholines (lyso PC) decreased in patients with
pneumoconiosis. Clinical trans-omics analyses demonstrated that phenomes in pneumoconiosis was
closely correlated with multiple lipids. Our data suggested that trans-omic analysis between clinical
phenomes and lipidomes might have the potential to uncover the heterogeneity of lipid metabolism of
pneumoconiosis patients and to screen out clinically signi�cant phenome-based lipid panels with
potential diagnostic application.

1 Introduction
Pneumoconiosis refers to a series of pulmonary diseases caused by inhalation of mineral dust, usually
found in certain occupations. Being widespread globally, it poses life-threating risk to public health
worldwide. China has the largest working population in the world and in parallel with this, there were more
than 975000 cases of occupational illness occurred in 2018, and 90% of that were pneumoconiosis[1].
Currently, pneumoconiosis diagnosis mainly depends on reliable dust exposure history and chest X-rays
[2], however, both methods have low sensitivity and speci�city. The high incidence and mortality are
related to improper occupational protection, and lack of early diagnostic methods and effective
treatments. The main pathological features of pneumoconiosis include chronic pulmonary in�ammation
and progressive pulmonary �brosis, which can lead to respiratory and/or heart failure[3]. The
pathogenesis of pneumoconiosis remains unknown. We observed the majority of pneumoconiosis
patients have dyslipidemia characterized by decreased levels of serum cholesterol (CHO), triglyceride
(TAG), high-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol.

Lipids are the fundamental components of biological membranes as well as the metabolites of
organisms, which play critical roles in cellular energy storage, structure, and signaling[4, 5], mainly
including subclasses of phosphatidic acid (PA), phosphatidylcholines (PC), phosphatidylethanolamine
(PE), phosphatidylglycerol (PG), phosphatidylinositol (PI), and phosphatidylserine (PS). Lipidomics has
been accepted as a large scale lipid-related research methodology in numerous human lifestyle-related
diseases, such as atherosclerosis[6], diabetes[7], Alzheimer’s disease[8], lung transplantation [9] and
cancer[10].

Recent progress in lipidomic technology uncovered detailed lipid pro�les and revealed that lipids were
involved in the pathophysiology of human respiratory diseases. Studies have shown that sterols,
including cholesterol, steroid hormones and bile acids, play important roles on different lung diseases,
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such as acute respiratory distress syndrome (ARDS), chronic obstructive pulmonary disease (COPD),
asthma and so on. Karagiorga et al. [11, 12] found that cholesterol in pulmonary surfactant of ARDS
patients was signi�cantly increased (up to 65%) which inhibits the reversible conversion between
monolayer and bilayer of alveolar surfactant, resulting in the dysfunction of alveolar surfactant. Many
studies of asthma have identi�ed common lipid biomarkers of this disease mainly including
phingomyelin, glycerophospholipids, ceramide, long-chain unsaturated fatty acids,
phosphatidylcholine[13–15]. In terms of chronic obstructive disease, studies have shown that decreased
high-density lipoprotein Apo A  and Apo A  as well as increased serum amyloid protein (SA) levels are
important indicators for abnormal lipid metabolism in acute exacerbation of COPD [16].

Therefore, lipids play important roles in lung diseases. As an important branch of metabolomics,
lipidomics is a delicate study of all lipids aiming at comprehensive analysis of lipids in the biological
system. The application of lipidomics in lung diseases provides the opportunity for gaining novel insights
into biochemical mechanism. Clinical trans-omics is de�ned as a new subject to integrate clinical
phenomes with multi-omics in multiple dimensions[17] and becomes a novel approach for the discovery
of disease-speci�c biomarkers and therapeutic targets[18, 19].

In this study, we showed the unique research on pneumoconiosis regarding lipidomics, which
preliminarily revealed the differences of lipidomic pro�les between patients of pneumoconiosis and
healthy people. In addition, using clinical trans-omics, we initially reveal a close correlation between
clinical phenome and speci�c groups of lipid elements. Our research may shed light on a potential
diagnostic approach of pneumoconiosis.

2 Methods And Materials

2.1 Chemical agents
The internal standard mix were subscribed from Internal Standards Kit for Lipidyzer™ Platform (SCIEX,
MA, USA). The acetonitrile, water, isopropanol, ammonium acetate and ammonium hydroxide were HPLC
grade and obtained from Sigma-Aldrich (St. Louis, MO, USA)[20].

2.2 Patient population
The study, designed as a case-control approach, was approved by the Ethical Evaluation Committee of
2nd A�liated Hospital of Fujian Medical University (ethical code B2020-293). The subjects were provided
with informed consent for clinical data collection and lipids analysis before all the other procedures. The
study included 48 pneumoconiosis patients diagnosed by mineral dust exposure history and chest
imaging or pathology, and 48 other healthy people. 48 patients were recruited during September 2019 to
September 2020. Participants of healthy controls were blood donors from the 2nd A�liated Hospital of
Fujian Medical University. Subjects with other Lipid metabolism disorders such as hyperthyroidism,
diabetes mellitus, liver or kidney diseases and communicable disease such as active tuberculosis were
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excluded. Fasting blood was drawn from healthy controls and pneumoconiosis patients on the day of
entering hospital to harvest plasma. All the clinical data, including symptoms, signs, laboratory tests,
images, pathologic information were collected and followed up.

2.3 Clinical phenotype
A total of 15 clinical phenomes were collected an pneumoconiosis group, including BMI, history of dust
exposure, smoking and pneumothorax, mediastinal lymph node calci�cation, lung function, FEV1, FEV1%,
pH, PCO2, PO2, respiratory failure, restrictive ventilation dysfunction, complications and modi�ed British
medical research council (mMRC) questionnaire.

2.4 Lipid extraction for mass spectrometry analysis
The plasma samples (20 µL each) were precipitated by addition of isopropanol (400 µL each) precooled
to 4°C and then mixed with lipid internal standard mix. Samples were vortex mixed for 1 min. After 10 min
of incubation at room temperature, samples were stored overnight at −20°C to improve protein
precipitation. Next day, the sample was centrifuged at 14 000g for 15 min. The supernatant was collected
(200 µL) in a sample injection bottle and stored at −80°C awaiting MS analysis[20].

2.5 Identi�cation of lipidomic pro�les
In the study, lipid pro�ling was detected by AB SCIEX QTRAP 4500 LC-MS/MS system. The extracted
samples were injected onto a Waters Acquity UPLC BEH HILIC column (100 mm × 2.1 mm, 1.7 µm), which
was �tted with a Waters Acquity UPLC BEH HILIC VanGuard Pre column(2.1mm×5mm, 1.7um,) at 35℃
and then eluted. A phase was 95% acetonitrile containing with 10 mmol/L ammonium acetate, and B
phase was 50% acetonitrile solution containing with 10 mmol/L ammonium acetate. The ammonium
hydroxide was added to adjust the B phase pH until it is equal to the A phase pH. Flow rate was
0.5mL/min. During the gradient elution, B phase started with 0.1% and increased to 20% during 10 min,
then linearly increased to 98% during 10min to 11 min, and 98% of B phase was held for 2 mins, and
returning to the initial conditions 0.1% in 13.1 min. The analyze �nally stop in 16 min. The positive
electrospray ionization (ESI+) mode injection volume was 1 µL, and the negative electrospray ionization
(ESI–) mode injection volume was 10 µL. The electrospray ionization (ESI) was operated in product ion
scan mode in which N2 was used as dissolvent, cone and collision gas (curtain gas: 35psi, atomizer gas:
50psi, auxiliary gas: 60psi, ion spray voltage is: 5500V, declustering potential: 80V, the entrance energy:
10V, collision energy:15V). Up to 1000 lipids of plasma samples were carried out in our study.

2.6 Comprehensive analyses of lipidomic pro�les
MultiQuant software (AB SCIEX) was used to process data, after lipids were identi�ed by mass
spectrometry. Further, MetaboAnalyst software 5.0 (www.metaboanalyst.ca) was utilized for conducting
multivariate statistical analysis, cluster analysis, dimensionality reduction, and making heat map.

2.7 Trans-nodule analyses cross phenome and lipid network
layers

http://www.metaboanalyst.ca/
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The type-speci�c lipids were identi�ed as more than one and half times elevated or declined signi�cantly
compared with pneumoconiosis subtypes (fold change > 1.5 and P value < .05). The expression
quantitative trait locus (eQTL) model was utilized to evaluate trans-nodules between lipidomic pro�les
and clinical phenomes.

2.8 Statistics analysis
Data were presented as mean ± SD. The means of each group were used for calculation and comparison.
Statistical signi�cance of differences between two or three groups was determined by Student’s t-test or
one-way ANOVA test, respectively. Statistical signi�cance was a�rmed when P-value < 0.05. We ranked
15 clinical phenomes of pneumoconiosis patients. Volcano maps showed the signi�cantly elevated or
declined lipids in pneumoconiosis patients. A VIP plot was further exploited to sort the lipids according to
their importance to differentiate groups. To explore the correlation between lipid elements and clinical
phenomes, we applied the lipid-quantitative trait loci model modi�ed from eQTL model.

Continuous variables are presented as median and interquartile range for non-parametric data, and as
mean and standard error for parametric data. Differences between groups were analyzed by Student’s t-
test for parametric values. Measurements were analyzed using SPSS software version 24.0 (SAS
Institute, Cary, NC, USA). All tests were two-sided, and P values <0.05 were considered statistically
signi�cant.

3 Results

3.1 Subject Characteristics
Forty-eight male pneumoconiosis patients were enrolled in the present study, age from 33 to 77
(57.31±10.04) years old. The clinical phenomes of pneumoconiosis are BMI, history of dust exposure,
smoking and pneumothorax, mediastinal lymph node calci�cation, lung function, FEV1, FEV1%, pH, PCO2,
PO2, respiratory failure, restrictive ventilation dysfunction, complications and modi�ed British medical
research council (mMRC) questionnaire.

The characteristics and blood data of the study subjects are shown in Table 1. Pneumoconiosis patients
had signi�cantly lower levels of serum cholesterol, triglyceride, high-density lipoprotein (HDL) cholesterol,
low-density lipoprotein (LDL) cholesterol and lower body mass index (BMI) than healthy groups (P
all 0.05). In pneumoconiosis patients, there were 50% with complication(s), 56.25% with mediastinal
lymph node calci�cation on chest CT, 60.42% was severe smoker, 68.75% dust exposure year was more
than 15, 79.17% with abnormal lung function, 37.50% with respiratory failure, 56.25% with BMI≤18.4 in
malnutrition.
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Table 1
Characteristics and blood data of patients with pneumoconiosis as

compared with healthy control (P-values)
Characteristics Pneumoconiosis

(n=48)

Healthy

(n=48)

t-value P-value

Age, year 57.31±10.04 53.67±9.98 1.784 0.078

BMI, kg/m2 19.20±2.45 22.91±2.87 -6.799 0.000

T-Cho, mg/dl 4.63±0.90 5.50±0.80 -5.050 0.000

TG, mg/dl 1.12±0.40 1.67±1.08 -3.276 0.002

HDL-Cho, mg/dl 1.21±0.33 1.40±0.37 -2.621 0.010

LDL-Cho, mg/dl 3.27±0.90 3.66±0.60 -2.518 0.014

3.2 Plasma lipidomic pro�les of patients with
pneumoconiosis
Total 426 Lipid elements of plasma were identi�ed qualitatively and quantitatively. All the identi�ed lipid
species were grouped into 11 lipid classes, mainly including 107 PEs, 65 PCs, 12 sphingomyelins (SM), 3
cholesterols (CE), 3 ceramides (CER), 2 diacylceramides (DCER), 5 hexosylceramides (HCER), 195 tri-
acylglycerols (TAG), 16 lysophosphatidylcholines (LPC), 1 lysophosphatidylethanolamines (LPE), 17 free
fatty acids (FFA) (Fig. 1). Compared with the healthy control (Fig. 1a), the difference in constitution of
those 11 lipid classes between healthy controls and pneumoconiosis patients were shown in Fig. 1b. The
volcanic map demonstrated the clear patterns of lipid elements signi�cantly increased and declined
between healthy controls and pneumoconiosis (Fig. 1c) with 26 signi�cantly increased and 30 decreased
lipid elements in patients with pneumoconiosis (detail list as Table 2). We noticed that majority of those
elevated lipid elements were PE (69%) and FFA (15%), while PC (23%), TAG (23%) and LPC (17%) declined
in pneumoconiosis.
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Table 2
Lipid elements signi�cantly elevated and declined alone in patients with

pneumoconiosis as compared with healthy control (P-values)
Elevated 1.5fold Declined 2/3 fold

Lipids Fold P-value Lipids Fold P-value

PE(16:0/16:1) 2.68 0.00 PC(18:1/20:5) 0.67 0.03

PE(18:1/18:3) 2.65 0.00 LPC(20:0) 0.66 0.00

FFA(20:4) 2.46 0.03 TAG(58:7/FA18:0) 0.65 0.02

FFA(22:4) 2.43 0.00 PC(16:0/20:5) 0.64 0.03

TAG(55:4/FA18:2) 2.33 0.02 LPC(18:0) 0.63 0.00

PE(18:1/18:2) 2.19 0.00 TAG(58:9/FA18:1) 0.63 0.01

PE(18:1/18:1) 2.07 0.00 PC(14:0/22:6) 0.61 0.00

PE(16:0/18:3) 2.03 0.00 LPC(22:6) 0.61 0.00

PE(18:2/18:2) 2.02 0.00 PE(14:0/20:4) 0.61 0.00

FFA(20:5) 1.99 0.00 TAG(56:6/FA22:6) 0.59 0.05

PE(O-18:0/22:4) 1.97 0.03 PC(18:2/20:5) 0.57 0.00

PE(16:0/18:2) 1.90 0.00 TAG(56:7/FA16:0) 0.57 0.04

FFA(20:3) 1.88 0.01 CER(24:1) 0.56 0.00

PE(16:0/22:4) 1.83 0.01 TAG(58:7/FA16:0) 0.55 0.04

PE(16:0/18:1) 1.82 0.00 PC(20:0/22:6) 0.54 0.00

PE(18:2/20:2) 1.79 0.01 LPC(14:0) 0.54 0.00

PE(18:0/22:4) 1.73 0.04 TAG(55:1/FA16:0) 0.52 0.01

PE(18:0/16:1) 1.68 0.02 HCER(24:1) 0.49 0.00

PE(P-18:0/22:4) 1.63 0.00 PC(14:0/20:5) 0.48 0.02

TAG(55:4/FA18:1) 1.63 0.02 TAG(56:8/FA16:0) 0.47 0.02

PC(16:0/16:1) 1.61 0.01 LPC(20:5) 0.46 0.00

PE(18:0/16:0) 1.59 0.00 HCER(20:1) 0.45 0.00

PE(18:0/18:3) 1.56 0.02 PE(P-18:0/20:5) 0.44 0.01

PE(18:1/20:4) 1.55 0.00 PE(P-18:1/20:5) 0.40 0.02

PE(18:1/20:3) 1.51 0.01 PE(O-16:0/20:5) 0.39 0.01
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Elevated 1.5fold Declined 2/3 fold

PC(18:0/16:1) 1.50 0.02 PE(P-16:0/20:5) 0.36 0.03

      DCER(22:0) 0.36 0.00

      PC(20:0/20:5) 0.34 0.00

      CER(22:1) 0.33 0.00

      HCER(22:1) 0.32 0.00

By orthogonal partial least squares discrimination analysis (OPLS-DA), variable important in project (VIP)
scores were used to select important lipids. Top 50 lipid elements were de�ned on the basis of VIP scores:
PE (14:0/20:4, 16:0/16:1, 16:0/18:1, 16:0/18:2, 16:0/18:3, 16:0/20:4, 18:0/16:0, 18:0/18:0, 18:1/18:1,
18:1/18:2, 18:1/18:3, 18:1/20:3, 18:1/20:4, 18:2/18:2, 18:2/20:2, P-16:0/22:6, P-18:0/20:5, P-18:0/22:6, P-
18:0/22:4, P-18:1/22:6, O-16:0/20:5, O-16:0/22:6), PC (20:0/22:6, 20:0/20:5, 20:0/20:4, 18:2/20:5,
16:0/22:6, 16:0/16:1, 16:0/16:0, 14:0/22:6, 14:0/20:4), LPC (22:6, 22:5, 20:5, 20:4, 20:2, 20:1, 20:0, 18:0,
16:0, 14:0), CER (22:1, 24:1), HCER (24:1, 22:1, 20:1), DCER (22:0), FFA (14:0, 22:4) (Listed in Table 3).
Among these,15 lipid elements were upregulated, while 18 lipids showed a signi�cant downregulation in
pneumoconiosis patients when compared with healthy group (Fig. 2). There was a clear distribution of
top 50 lipid elements in pneumoconiosis group, compared with the healthy control (Fig. 3).
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Table 3
Lipid elements signi�cantly elevated and declined in pneumoconiosis patients
compared with healthy control among the top 50 lipid elements de�ned on VIP

scores (P-values)
Elevated 1.5fold Declined 2/3 fold

Lipids Fold P-value Lipids Fold P-value

PE(16:0/16:1) 2.68 0.00 LPC(20:0) 0.66 0.00

PE(18:1/18:3) 2.65 0.00 LPC(18:0) 0.63 0.00

FFA(22:4) 2.43 0.00 PC(14:0/22:6) 0.61 0.00

PE(18:1/18:2) 2.19 0.00 LPC(22:6) 0.61 0.00

PE(18:1/18:1) 2.07 0.00 PE(14:0/20:4) 0.61 0.00

PE(16:0/18:3) 2.03 0.00 PC(18:2/20:5) 0.57 0.00

PE(18:2/18:2) 2.02 0.00 CER(24:1) 0.56 0.00

PE(16:0/18:2) 1.90 0.00 PC(20:0/22:6) 0.54 0.00

PE(16:0/18:1) 1.82 0.01 LPC(14:0) 0.54 0.00

PE(P-18:0/22:4) 1.63 0.00 HCER(24:1) 0.49 0.00

PE(16:0/16:1) 1.61 0.01 LPC(20:5) 0.46 0.00

PE(18:0/16:0) 1.60 0.00 HCER(20:1) 0.45 0.00

PE(18:1/20:4) 1.55 0.00 PE(P-18:0/20:5) 0.44 0.00

PE(18:1/20:3) 1.51 0.01 PE(O-16:0/20:5) 0.39 0.00

      DCER(22:0) 0.36 0.00

      PC(20:0/20:5) 0.34 0.00

      CER(22:1) 0.33 0.00

      HCER(22:1) 0.32 0.00

3.3 Trans-omic pro�les between clinical phenomes and
lipidomes
We next analyzed the correlation of lipid pro�les with clinical phenomes from pneumoconiosis patients.
Circulating levels of lipid elements were integrated with 15 clinical phenomes from patients with
pneumoconiosis. Combined lipidomes (VIP 1) with clinical phenomes measured by simulating the
expression quantitative trait locus (eQTL) model. With the aim to identify disease phenome-speci�c lipid
elements, circulating levels of lipid elements were integrated with clinical phenomes in patients with
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pneumoconiosis patients. The correlation of varied lipid elements and clinical phenotype were clearly
displayed in Fig. 4a and 4b, which showed that pH, lung function, mediastinal lymph node calci�cation
and complication were highly correlated with lipid elements (VIP 1). Furthermore, up-regulated PE was
corresponded to pH, smoking history and mediastinal lymph node calci�cation. PC was corresponded to
dust exposure history, BMI, pneumothorax and mediastinal lymph node calci�cation (Fig. 4c).

4 Discussion
Lipid plays an important role in lung pathology and physiology. Although the composition and
involvement of the lipidome in various disease is still poorly understood, abnormal lipid metabolism has
been reported in pulmonary diseases including asthma, COPD and lung cancer[22–24]. Lipids comprise
diverse classes of components which are critically involved in cellular structure, signaling and energy
storage[25]. However, the potential role of lipid in pneumoconiosis pathogenesis remains unclear.

We observed that most of pneumoconiosis patients have poor nutritional status and bodies. We assume
that it is related to hypoxia and poor lung function. We analyzed the possible reasons as follows: (1)
Long-term hypoxia and chronic in�ammatory in�ltration may lead to gastrointestinal congestion.
Recurrent pneumonia and dyspnea with antibiotics and theophylline and other drugs may reduce the
absorption, transformation and synthesis of exogenous cholesterol and triglyceride in small intestinal
mucosa cells [26];(2) liver cell hypoxia leads to energy dysmetabolism and decreasing the source of
cholesterol and triglyceride synthesis raw materials, such as fatty acid, Acetyl coenzyme A, ATP, NADPH+,
H+, and the synthesis rate of endogenous cholesterol and triglyceride decreased [27]; (3) The lipid
decomposition of pneumoconiosis increases, due to lung �brosis. Thus, it causes a large amount of ATP
consumption and increased body catabolism, and lipolysis [28].

Lipidomic pro�les between health and pneumoconiosis had never been de�ned before, although a
majority of pneumoconiosis patients had decreased levels of serum CHO, TAG, HDL and LDL. With the
rapid development of biotechnology on analytical chemistry, lipidomics has been used as a tool to de�ne
the lipid pro�ling of lung tissue and plasma, and the relationship between lipid characterization and lung
function [24, 29]. We investigated the plasma lipidomic pro�les of patients with pneumoconiosis. Our study
showed that certain typs of PEs and FFAs were signi�cantly higher in pneumoconiosis than healthy
control, whereas some of PCs, lysoPCs were signi�cantly lower.

PCs and PEs are the most abundant phospholipids in cell membranes and play essential structural and
signaling roles. PCs play signi�cant roles in lung surfactant phospholipid metabolism and is the major
phospholipid comprising around 80% of surfactant lipid. Alterations in their composition can cause
reduced elasticity, leading to an overall decrease in lung compliance [30, 31]. Changes in the component
phospholipids, including PCs have been described increased in plasma of patients with pulmonary
�brosis [28]. Lv et al demonstrated that plasma levels of PC and lysoPC were increased while PE and
lysoPE were decreased in patient with lung cancer[21]. Gao et al also found that there was an increase of
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PC and lysoPC in acute exacerbation of chronic pulmonary (AECOPD), acute pulmonary embolism (APE)
and sever acute pneumonia (SAP) [29]. However, the trend of PE, PC and lysoPC in patient with
pneumoconiosis were different from the results of the above researches in other pulmonary diseases.
The up-regulated PE and down-regulated PC in this study might be a potential criterion to distinguish the
pneumoconiosis from healthy and even other lung diseases. Although the reason and mechanism of
changed lipidomics in pneumoconiosis are not clear, it may be of great signi�cance to �nd the
pathogenesis of pneumoconiosis.

In our study, we also found that FFA (22:4) was signi�cantly higher in pneumoconiosis than healthy
control. Guenther et al. reported that elevated plasma FFA levels resulted in increased activation of the
classic proin�ammatory IKK/IκB/NF-κB pathway and increased expression of in�ammatory cytokines
(tumor necrosis fator-α, interleukin-1β and interleukin-6) [32]. Rudi et al. reported that activation of FFA4, a
member of the G protein-coupled receptor family, that responded to FFA, resulted in a decrease in lung
resistance [33]. At present, researches on FFA and FFA receptors are mostly focused on metabolic
disorders such as diabetes and obesity, whereas few attentions were paid to respiratory diseases. Recent
study found that FFA4 was highly expressed in lung epithelial cells [34], and that FFA acting via FFA4
receptors might have some bene�cial effects on airway epithelial repair after naphthalene-induced airway
injury [35]. These researches suggested that it may also be a potential target for understanding
pathogenesis and treating respiratory diseases including pneumoconiosis.

There was lack of research in linking the lipidome data with clinical phenomes. Like other omics analysis,
most genomic data were not tied with clinical information, which showed limited value for clinical
precision medicine [36]. In order to integrate lipid pro�les with clinical phenomes, clinical lipidomics is a
novel extension of lipidomics to study lipid pro�les, pathways and networks by characterizing and
quantifying the total lipidomes in patients, and to link the lipidomics components to clinical phenomics
[37]. Our study made the descriptive clinical phenomes scored by DESS system [38], which had been
performed in patients with pulmonary embolism, acute pneumonia, and AECOPD, based on clinical tran-
somics principle [29], to converting descriptive information of clinical phenomes into digital information
[39].

In this study, through eQTL model and integrated lipidomic and phenomic pro�les, we discovered clinical
phenotypes can be associated with a variety of altered lipid elements. Lipidomic pro�les with about 426
lipids in 11 classes in pneumoconiosis, were correlated with clinical phenotypes, and it turned out that all
altered lipids (VIP 1.0) had strong correlations with pH, FEV1, mediastinal lymph node calci�cation and
complications. Furthermore, we also found that PE was corresponded to pH, smoking history and
mediastinal lymph node calci�cation while PC was closely correlated with BMI, dust exposure history,
pneumothorax and mediastinal lymph node calci�cation separately.

One of the pathophysiological characteristics of pneumoconiosis was macrophage accumulation. Recent
studies had showed that macrophages were fundamental for the repair of organs that were injured due to
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ischemia. In response to hypoxia, acute-phase macrophages activate hypoxia-inducible transcription
factors that adjust cellular metabolism via hglycolysis, the tricarboxylic acid cycle, oxidative
phosphorylation, lipids, amino acids pathways leading to metabolic acidosis and decreased pH [40]. 1,2-
Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), is a lipid marker of alveolar type 2 epithelial cells.
Recently, a study revealed SiO2 exposure could result in decreased DPPC secretion, affecting the normal
function of alveoli, and lung function potentially [41]. There were studies con�rmed that altered lipid
metabolism (PCs and lysoPCs) is associated with decreased lean body mass [42]. These studies were
consistent with our experimental results.

There was one research indicating that PEs were expressed at a higher level in smokers with COPD,
compared with smokers without COPD. Altered lipids with a high fold change between smokers with and
without COPD showed high correlations with lower lung function and in�ammation in sputum [43]. In our
study, PEs were highly expressed in smoking patients. The mechanism and the diagnostic and
therapeutic value of elevated PE were not clear now. Wu et al. found that phospholipid remodeling was
critical for stem cell pluripotency by facilitating mesenchymal-to-epithelial transition. They also showed
that PE binding to Pebp1 enhanced the interaction of Pebp1 with IKKα/β and reduced the
phosphorylation of IKKα/β and consequently, the activation of NF-κB signaling. Collectively, studies
reveal an unforeseen connection between phospholipids and cell pluripotency and also highlights the
importance of phospholipids in diseases [44].

As to clinical phenotypes, pneumothorax and calci�cation of mediastinal and hilar lymph nodes were
commonly found in pneumoconiosis. At present, there is no study of lipidomic pro�les on pneumothorax,
and the cause of pneumoconiosis with pneumothorax at high risk is still unclear. In our study we found
that decrease of PCs was closely correlated with it, may be a new point to �nd out the mechanism of
pneumothorax in pneumoconiosis. Although the mechanism of calci�cation of mediastinal lymph nodes
was not clear, it might because macrophage accumulation and altered lipid metabolism in
pneumoconiosis present with similar dystrophic calci�cation [45].

There were also limitations in this study. First, the sample size was small. Second, therapeutic factors
were not explored, and most corresponding groups of patients should be studied in future to explore
medical in�uence on lipidomes. Third, it is not clear whether the correlation is positive or negative by the
eQTL model for trans-omics.

In conclusion, we found that altered lipid panels between pneumoconiosis patients and healthy people by
qualitatively and quantitatively measured plasma lipidomic pro�les. Levels of PE and FFA elements
meaningfully improved while PC and lysoPC reduced in patients with pneumoconiosis. Clinical trans-
omics analyses demonstrated that some phenomes have strong correlation with lipids, although those
needed to be further con�rmed by bigger studies including large population of patients in multicenters.
Consequently, our data suggested that trans-omic pro�les between clinical phenomes and lipidomes
might have the potential value to reveal the heterogeneity of lipid metabolism among pneumoconiosis
patients and to identify meaningful phenome-based lipid panels as biomarkers.
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Figure 1

The proportion (%) of 11 main lipid elements of healthy controls (a) and pneumoconiosis (b). Volcanic
map (c) between heathy controls with pneumoconiosis. The lipid elements were identi�ed on the basis of
statistical signi�cance. The abscissa represents log values of fold changes, where the left side of the �rst
dotted line perpendicular to the abscissa represents <2/3-fold changes and the right side of the second
dotted line represents >1.5-fold changes. The vertical coordinate represents –log10 (P-value). The upper
side of the dotted line perpendicular to the ordinate stands for P-value less than .05, as compared with
healthy controls.
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Figure 2

The bar plot describes the lipid elements signi�cantly elevated ( 1.5 fold) and declined ( 2/3 fold) in
pneumoconiosis patients compared with healthy control among the top 50 lipid elements. increased from
blue (low) and red (high).
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Figure 3

The heatmap describes the top 50 lipid elements at the high concentration and the degree of lipid
elements increased from blue (low) and red (high).

Figure 4

The speci�c correlation between clinical phenotypes and altered lipid elements of pneumoconiosis
patients illustrated by a, b and c. (a) Heatmap describes the correlation increased from blue (low) to red
(high). (b) Venn's diagrams, the more overlaps, the greater the correlation, which showed that pH, lung
function, mediastinal lymph node calci�cation and complication were highly correlated with lipid
elements. (c) Stacked bar plot showing mean relative abundance of lipids in clinical phenomes. The
longer column indicating the stronger correlation.


