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Abstract

Silicosis is one of the prolonged and irreversible occupational diseases. Crystalline silica dust, which has been linked with
silicosis, occurs in different industrial areas such as constructions, ceramic, quarry, and pottery. There are significant num-
bers of newly diagnosed cases every year in Turkey. Patients with silicosis suffer from inflammatory respiratory disorders
and silicosis-related complications such as rheumatoid arthritis, systemic sclerosis, and vasculitis. Oxysterols are defined
as 27-carbon intermediates or end products of cholesterol. They are also implicated in the etiology of disease states such
as atherosclerosis, neurodegenerative, and inflammatory diseases. The aim of the study is to evaluate cholesterol oxidation
products in the patients with silicosis and determination of sphingosine-1-phosphate (S1P) levels which is a sphingolipid
metabolite. In addition to these parameters, it is aimed to determine the possible lipid peroxidation by different parameters.
For this purpose, blood samples and urine were collected from 47 patients and 30 healthy individual with their consents. In
order to evaluate oxysterols, 7-ketocholesterol and cholestan 3f,5a,6f-triol levels were measured by LC-MS/MS method. The
measured levels of 7-KC were 0.101 +0.005 umol/1 in patient and 0.050 +0.003 pmol/I in control plasma samples. Triol levels
were measured as 0.038 +0.005 umol/l in patient group and 0.033 +0.004 pmol/l in control group (p <0.001). In addition,
lipid peroxidation products were measured by human-8-isoprostane, human-4-hydroxynonenal (4-HNE), and human malon-
dialdehyde (MDA) ELISA kits. The measured levels of HNE in the patient and control groups were 735.14 +288.80 pg/ml
and 595.72 +108.62 pg/ml in plasma and 606.02 + 118.23 pg/ml and 531.84 4+ 107.18 pg/ml in urine, respectively (p <0.05).
F2-iP results of patients and controls were 450.0+ 101.40 pg/dl and 386.9 + 112.7 pg/ml for urine and 432.7 + 188,8 pg/dl
and 321.9 +69.4 pg/dl for plasma, respectively (p <0.05). MDA levels of plasma were measured as 44.1 + 14.6 nmol/ml in
the patient and 31.9 4+ 10.5 nmol/ml in the control (p <0.05). Levels of MDA for urine samples were 30.15 +5.06 nmol/ml
and 25.15+6.07 nmol/ml in patients and controls, respectively (p <0.05). S1P levels were decreased in patients compared
to control group (49.05 +10.87 and 67.57 +16.25, p <0.001). The results not only indicate a correlation between cholesterol
oxidation, lipid peroxidation, and silicosis, but also provide better understanding of the role of the lipids in the mechanism
of this inflammatory disease.
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developing countries [4—6]. There is a significant number of
newly diagnosed silicosis cases every year in Turkey.

Patients with silicosis suffer from inflammatory respira-
tory disorders and silicosis-related complications such as
rheumatoid arthritis, systemic sclerosis, and vasculitis [7, 8].
Oxidative stress has also been suggested to play a role in the
pathophysiology of silicosis [9, 10] and silica radicals report-
edly induce lipid peroxidation and DNA damage [11]. There-
fore, researchers have explored the use of inflammatory and
oxidative parameters as potential biomarkers of the disease
and some studies have produced promising results [12]. How-
ever, studies focusing on the final products of lipid peroxida-
tion such as malondialdehyde (MDA) and 4-hydroxynonenal
(HNE) (collectively called reactive aldehydes), markers of
in vivo oxidative stress (such as F2-isoprostane), and bio-
logically active lipids including oxysterols and sphingosine-
1-phosphate are few. Considering the biological properties
and functions of oxysterols and S1P, it is apparent that further
studies focused on these lipids, and lipid peroxidation prod-
ucts are necessary to understand whether these parameters are
associated with silicosis pathophysiology.

Oxysterols are defined as 27-carbon intermediates or end
products of cholesterol [13]. They are implicated in the devel-
opment of neurodegenerative and inflammatory diseases and
atherosclerosis [14]. Oxysterols such as 7-ketocholesterol
(7-KC) and cholestane-3p,5a,6p-triol (C-triol) are recog-
nized as non-enzymatically produced oxysterols and have
pro-inflammatory properties; possibly making them ideal
candidates for the assessment of oxidative stress and inflam-
matory activation [15, 16]. Sphingosine-1-phosphate (S1P),
a sphingolipid metabolite, is a bioactive lipid which has been
demonstrated to be central to various cellular and extracellular
processes with its signaling properties. S1P is crucial for many
physiological mechanisms including apoptosis, autophagy,
angiogenesis, growth, inflammation, and cell migration [17].

Constant inflammatory activation in the lungs is a crucial
pathophysiological process in silicosis progression, and oxida-
tive stress plays a vital role in this activation [18]. Considering
that lipids are susceptible to oxidation, and lipid peroxidation
products are potential biomarkers for oxidative stress in vivo
[16], we hypothesized that non-enzymatically produced oxys-
terols, S1P, and lipid peroxidation markers may be associated
with silicosis development and progression. Therefore, in this
study, our aim was to determine the levels of 7-KC, C-triol,
S1P, and lipid peroxidation markers in patients with silico-
sis, and to evaluate whether they were associated with disease
development and severity.
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Materials and method
Subjects and biological samples

This study was approved by the Clinical Research Ethical
Committee of Hacettepe University (Date and Number:
8/11/2016, GO 16/697-18).

The study group comprised 47 males with silicosis and
30 male controls. All patients were working in the ceramic
industry, while those included in the control group were
selected from male clerical workers who were comparable
with the patient group in terms of age, smoking status,
medications, and nutritional habits. A detailed question-
naire was prepared for all the participants. All samples
(5 ml of urine, 5 ml of blood) from the patients and con-
trols were obtained at Ankara Occupational and Environ-
mental Diseases Hospital. Blood was collected in heparin-
ized vacutainer tubes and urine samples (mid-stream) were
kept in sterile containers. Plasma samples were obtained
by centrifugation (10 min at 3000 rpm). All samples were
aliquoted into Eppendorf tubes and were stored at — 80 °C
until analyses were performed. The levels of triglycerides,
cholesterol, high-density lipoprotein cholesterol (HDL),
and low-density lipoprotein cholesterol (LDL) of the study
group were measured via auto-analyzers in the routine
clinical chemistry laboratory.

The lung functions of the study group were evaluated
via spirometry. The forced vital capacity (FVC), forced
expiratory volume in 1 s (FEV1), and FEV1/FVC ratio (as
percentage) of all individuals were measured and recorded.
A percentage lower than 75% for FEV1/FVC indicates air-
way obstruction and this value was used to determine the
severity of airway obstruction. The International Labor
Organization (ILO) International Classification of Radio-
graphs of Pneumoconioses Guideline was used to catego-
rize patients into 3 groups (categories 1, 2, and 3) accord-
ing to radiography findings.

MDA, HNE, and F2-isoprostane analysis

MDA, HNE, and F2-isoprostane (F2-iP) were measured in
the plasma and urine samples of all participants with com-
mercial ELISA kits, which were obtained from Hangzhou
Eastbiopharm Co., Ltd. (Hangzhou, China). For spec-
trophotometric measurement, a SpectraMax M2 device
(Molecular Devices, Sunnyvale, CA, USA) was used and
SoftMax Pro Software (Molecular Devices, Sunnyvale,
CA, USA) was used for quantification of results.



Molecular and Cellular Biochemistry (2020) 467:117-125

19

Oxysterol analysis by LC-MS/MS

Oxysterol analysis was performed in 50 ul plasma samples
by LC-MS/MS (Shimadzu Scientific Instruments, 8040)
based on the method reported by Jiang et al. [19], which
utilizes N,N-dimethylglycine ester derivatization for the
quantification of free and unesterified oxysterol species.
Internal standards were 3,5a,6p-trihydroxycholestane
D7 (Toronto) and 3p-hydroxy-5-cholestene-7-one D7
(Avanti). Standard calibration was done through eight-
point calibration between 3.12 and 400 ng/ml. Two
plasma quality control samples were prepared by spik-
ing known amounts of 7-KC and C-triol standards to
yield an endogenous level of 40/40 and 150/150 ng/ml,
respectively. The liquid chromatography step was per-
formed with a Symmetry C18 column (100 mm X 2.1 mm,
5 um) (Thermo Fisher Scientific). The mobile phase con-
sisted of a linear gradient of water and acetonitrile (1 mM
ammonium formate at pH 3). Mass spectrometry analysis
was performed in the positive ionization mode using elec-
trospray ionization (ESI).

Sphingosine-1-phosphate analysis by LC-MS/MS

S1P analysis was performed by LC-MS/MS with a modi-
fied version of the method reported by Zhang et al. [20]
with an Agilent 6420 triple quadrupole mass spectrom-
eter. Plasma samples from patients and controls (50 ul)
were mixed with 20 pl of 1000 ng/ml erythrosphingosine-
d7 internal standard (Avanti, USA). After the addition of
500 pl’s of methanol, the tubes were vortexed (1 min) and
centrifuged (3000 g, 10 min), and 400 pl of supernatant
was taken for LC-MS/MS analysis (LC-MS/MS, Agilent
1260 Infinity UPLC). Chromatography was performed
with an Agilent 1260 Infinity UPLC System equipped
with refrigerated autosampler. A reverse-phase C18 type
column set to 30 °C was used for separation (5 pm parti-
cle size, 4.6 x50 mm). A binary solvent pump was used
for mobile phase elution (A: Water with %0.01 formic
acid and 10 mM ammonium acetate; B: Methanol with
0.01% formic acid). Elution conditions according to time
were as follows: 0—0.5 min: 60% B, 0.5—1.1 min: increase
B from 60 to 90%, 1.1-2.9 min: 90% B, 2.9—4 min:
decrease B from 90 to 60%, and 4—8 min: 60% B. Total
run time was 8 min with a flow rate of 0.4 ml/min. Agi-
lent 6420 triple quadrupole mass spectrometer was set
at multiple reaction monitoring (MRM) mode. Ion pairs
were 380.2/264.3 (FV =90, Collision energy =12 eV) for
S1P, and 309.1/164.8 (FV =60, CE=20 eV) for eryth-
rosphingosine-d7. The ESI voltage was 5 kV, curtain gas
flow was 40 1t/min, and source temperature was 500 °C.

Statistical analysis

Statistical analyses were performed using the SPSS version
20 software (IBM, Armonk, NY) and continuous variables
were summarized by mean + standard deviation. Initial com-
parisons of laboratory parameters between the two groups
were performed using either the t-test for independent sam-
ples or the Mann—Whitney U test, depending on normality
of distribution. Similarly, Spearman and Pearson’s correla-
tion coefficients were used to evaluate associations between
two continuous variables, depending on distribution. A p
value lower or equal to 0.05 was accepted to show statistical
significance.

Results

General characteristics and radiologic examination
of the study population

A total of 47 (61%) patients with silicosis and 30 (39%)
healthy controls were included in the study. All individu-
als were male. The mean age of the patient group was
41.8 +£7.6 years, while mean age was 43.6 +£9.6 years in
the control group. Groups were similar in regard to age
(p=0.504). The percentage of individuals who smoked was
78.7% in the patients group and 43.3% in the control group.
85.1% of the patients had been working in the ceramic indus-
try for more than 10 years. According to radiography find-
ings, 43 of the patients were classified as category 1 and the
other 4 patients were classified as category 2 and 3 accord-
ing to ILO classification.

The FEV1/FVC percentages were calculated as
82.26+6.5 and 84.27 + 6.9 in controls and patients, respec-
tively. There was no statistically significant difference
between the groups. Additionally, 10.6% of patients with
silicosis were found to have FEV1/FVC values lower than
75%.

Lipid profile in the patient and control groups

Plasma levels of triglycerides, cholesterol, HDL, and LDL
were similar in both groups. The comparison of these values
in regard to groups are depicted in Fig. 1.

Oxysterols, lipid peroxidation parameters, and S1P
levels

Plasma 7-KC and C-triol levels were significantly higher in
patients with silicosis compared to controls (p <0.001). The
results are summarized in Fig. 2a, b.

The levels of F2-isoprostane, which is formed by non-
enzymatic direct oxidation of arachidonic acid on the cell
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Fig. 1 Lipid profile in silicosis and control groups. HDL high-density
lipoprotein, LDL low-density lipoprotein

surface by oxygen radicals, were measured in the urine
and plasma samples of all participants. Both the urine and
plasma F2-isoprostane levels of patients were significantly
higher than that of the controls (Fig. 3, p <0.05).

MDA levels, one of the most important and frequently
evaluated parameters of oxidative stress-induced lipid per-
oxidation, were also measured in study groups. The results
showed that the urine and plasma MDA levels were statisti-
cally higher in the patient group compared to the control
group (Fig. 4, p <0.05).

4-HNE levels in the patient group were significantly
higher than the levels measured in controls (urine and
plasma) (p <0.05). The results are shown in Fig. 5.

Mean plasma S1P levels were significantly lower in
patients (49.05+10.87 ng/ml) compared to controls
(49.05+10.87 ng/ml) (p <0.001).

The levels of all parameters and group comparisons are
shown in Table 1.

Correlations between silicosis status, oxysterol levels
(7-KC and C-triol), plasma and urinary levels of 4-HNE,

Fig.2 Plasma 7-KC (a) and
C-Triol (b) levels in silicosis

7-KC (umol/L)

Fig.3 Plasma and urine F2-isoprostane levels in patients with silico-
sis and controls, p <0.05
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Fig.4 Plasma and urine MDA levels in silicosis and control groups,
p<0.05
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Fig.5 Plasma and urine 4-HNE levels in patients with silicosis and
controls, p <0.05

Table 1 Comparison of the patient and control groups in terms of all
parameters measured

Parameter Patient (n=47) Control (n=30) p Value
7-KC 0.101+0.005 0.050+0.003 <0.001
C-triol 0.038 +0.005 0.033 +0.004 <0.001
Urine 4-HNE 606.0+118.2 531.8+107.2 <0.05
Plasma 4-HNE 735.1+128.8 595.7+108.6 <0.05
Urine MDA 30.2+5.1 25.2+6.1 <0.05
Plasma MDA 44.1+14.6 31.9+10.5 <0.05
Urine F2-iP 450.0+101.4 386.9+112.7 <0.05
Plasma F2-iP 432.7+88.8 321.9+69.4 <0.05
S1P 49.05+10.87 67.57+16.25 <0.001

Variables are represented by Mean +SD.

7-KC 7T-ketocholesterol (umol/l), C-triol cholestan-3,5a,6p-triol
(umol/l), 4-HNE 4-hydroxynonenal(pg/ml), MDA malondialdehyde
(nmol/ml), F2-iP F2-isoprostane (pg/dl)

MDA, and F2-iP were examined. The results of the correla-
tion analysis are shown in Table 2.

A positive, high, and significant correlation was observed
between silicosis state and 7-KC level (r=0.984, p <0.01).
Similarly, there was a positive and significant relation-
ship between C-triol and both 7-KC and silicosis. Accord-
ing to other laboratory parameters, positive correlations
were observed between silicosis status and urine 4-HNE
(r=0.301, p<0.01), plasma 4-HNE (r=0.284, p <0.05),
urine MDA (r=0.417, p<0.01), plasma MDA (r=0.289,
p<0.01), Urine F2-iP (r=0.281, p <0.05), and plasma
F2-iP (r=0.363, p<0.01).

The relationships between laboratory parameters within
the patients and controls control groups were also evaluated.
The summary of significant correlations is given in Table 3.
Negative correlations were observed between C-Triol and
S1P in the control group (r=-0.380, p <0.05), whereas there

Table2 General Pearson correlations between oxysterols, silicosis
presence, urine, and plasma

Parameter Status 7-KC C-triol
Silicosis status (1 =yes) 1 0.984 %% 0.489%*
7-KC 1 0.495%
C-Triol 1

Urine 4-HNE 0.301%%* 0.331%* 0.174
Plasma 4-HNE 0.284* 0.248* 0.155
Urine MDA 0.417%* 0.444 % 0.310%*
Plasma MDA 0.289* 0.244* —0.031
Urine F2-iP 0.281* 0.242* 0.069
Plasma F2-iP 0.363** 0.337%* 0.161
Plasma S1P —0.569%* —0.542%* —0.306%*

7-KC 7-ketocholesterol (umol/l), C-triol cholestan-3p,5a,6f-triol
(umol/l), 4-HNE 4-hydroxynonenal(pg/ml), MDA malondialdehyde
(nmol/ml), F2-iP F2-isoprostane (pg/dl)

*Correlation is significant at the 0.05 level

**Correlation is significant at the 0.01 level

Table 3 Significant correlations between Urine, Plasma, and Oxyster-
ols for patients and controls

Group Parameter 1 Parameter 2 r p

Control C-Triol Plasma S1P —0.380 0.039%*
Plasma MDA Plasma S1P 0.517 0.003%%*

Patient 7-KC Plasma MDA —-0.313 0.032%*
C-Triol Urine MDA 0.339 0.020%*
Urine HNE Urine F2-iP -0.323 0.027*
Plasma HNE Plasma MDA 0.886 0.000%*
Plasma HNE Plasma F2-iP 0.830 0.000%*
Plasma MDA Plasma F2-iP 0.813 0.000%%*

was a positive and significant relationship between C-Triol
and urine MDA in the patient group (r=0.339, p <0.05).
Similarly, negative correlations were determined between
7-KC and plasma MDA (r=-0.313, p <0.05); and between
urine HNE and urine F2-iP in the patient group (r=—0.323,
p<0.05).

Positive and significant correlations were found between
the scores on the plasma HNE and plasma MDA (r=0.886,
p<0.001), on the plasma HNE and plasma F2-iP (»=0.830,
p<0.001), and on the plasma MDA and plasma F2-iP
(r=0.813, p<0.001).

After determining that the plasma levels of MDA, HNE,
and F2-iP showed high correlations in the patient group,
and seeing that there were no significant relationships in the
control group, we performed linear regression to evaluate
these relationships in the patient group. The coefficient of
determination obtained from the linear regression of these
relationships also showed very strong results (R>=0.689,
R*=0.785, R*=0.661). This result can be interpreted as a
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1 ml increase in one of the plasma levels leading to a signifi-
cant increase in the other plasma level.

Discussion

The results of our study clearly show that, compared to con-
trols, patients with silicosis suffer from increased choles-
terol oxidation and lipid peroxidation. In addition, we found
that the plasma levels of lipid peroxidation products (MDA,
4-HNE, F2-iP) were highly correlated in patients, while this
relationship was absent in controls. According to our results,
there was no correlation between laboratory and spirometry
tests results. These data can be found because of our limited
case numbers.

Especially in developing countries, occupational exposure
to silica is alarmingly common. Workers in many different
sectors such as construction, ceramics, sand blasting, rock
drilling, cutting, chipping or polishing, brick or tile cutting,
concrete drilling, grinding, tunneling, demolition, mining,
and also foundry workers are at risk for silicosis develop-
ment [4, 21, 22]. Public attention was drawn to silicosis at
the beginning of the twenty-first century due to the media
attention surrounding the development of silicosis in thou-
sands of individuals who worked in denim production with
old sand-blasting machines [6, 23]. Since then, many other
industries have been found to be associated with occupa-
tional silicosis, such as teflon cookware and electrical cable
manufacturing [21]. Today, it is evident that any individual
chronically exposed to crystalline silica is at risk for the
development of various pulmonary diseases, including can-
cer and silicosis [24, 25]. Silica inhalation has also been
associated with increased ROS formation, which increases
lipid peroxidation and can cause damage to cells, tissues,
and DNA [2, 16].

The cell membrane is a primary target for oxidative dam-
age as one of its major functions is to protect the intracellular
area from outside affects. The main component of the cell
membrane is a double layer of lipids including phospho-
lipids and cholesterol. 25 to 40% of the total lipid content
of plasma membranes is cholesterol [26, 27]. Cholesterol
modulates protein function in membranes and regulates the
biophysical properties of lipid bilayers and many biological
processes [26, 28].

This is the first study which demonstrated that lipid
metabolism is affected and oxidative lipid damage is trig-
gered in silicosis. Therefore, cholesterol oxidation can also
be used as an important marker in this exposure group, and
pathological changes in lipids may be effective in the dis-
ease progression. Chronic inflammation, oxidative stress,
and cell death are suspected to play a role in the pathogen-
esis of many diseases. Several studies have suggested a link
between cholesterol metabolism, especially the conversion
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of cholesterol to oxysterols, and inflammatory diseases [29].
The main mechanism of action for silicosis also could be
related to inflammation formation. It could be also interest-
ing to research other oxysterols and mechanisms with a large
population. There is no currently available efficient treat-
ments for most of the inflammatory diseases including sili-
cosis. Therefore, a better knowledge of the biological activi-
ties of the different oxysterols is of interest, and constitutes
an important step toward identification of pharmacological
targets for the development of new therapeutic strategies.

Lipid peroxidation

In the current study, we found that the lipid profile of
patients with silicosis was similar compare to controls.
Furthermore, the levels of lipid peroxidation products were
significantly increased in the serum and urine of patients
with silicosis compared to controls. This finding is simi-
lar to prior studies in the literature which have consistently
reported increased blood levels of MDA [30], 4-HNE [31,
32], and isoprostanes (including F2-iP) [33, 34] in silicosis
and other diseases causing lung fibrosis. Malondialdehyde
has been studied since the 1970s as a marker of lipid peroxi-
dation, and has been shown to be associated with the sever-
ity of various diseases, especially those that cause chronic
inflammatory activity [35, 36]. In a recent study by Nardi
and colleagues, the plasma MDA levels of patients with sili-
cosis and individuals occupationally exposed to crystalline
silica were found to be higher than controls without expo-
sure. The authors concluded that this may suggest MDA
to be an early indicator of silica toxicity. Furthermore, the
vitamin C levels of silicosis patients were significantly lower
compared to controls, while those exposed to silica with-
out silicosis diagnosis also had lower levels but statistical
significance was not observed, indicating that the oxidant/
antioxidant balance may not be excessively altered among
individuals which have not progressed to silicosis (meaning
their antioxidant defense may yet be capable of reducing
the oxidative insult produced by silica exposure) [12]. The
silicotic patients in our study had significantly increased lev-
els of MDA compared to controls in both urine and plasma
samples. Several other studies have similar results [37, 38],
including a study from Turkey by Anlar et al. which reports
increased MDA and lower levels of endogenous antioxidants
such as catalase and superoxide dismutase in patients with
silicosis [39].

4-Hydroxynonenal, another of the reactive aldehydes,
received interest as a measure of lipid peroxidation after
its discovery in 1991 [40], particularly due to its formation
of protein adducts and the role of these adducts in vari-
ous diseases characterized with increased oxidative stress,
including cancer, neurodegenerative diseases, and condi-
tions causing chronic inflammation [41, 42]. Isoprostanes
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are prostaglandin isomers that produced from polyunsatu-
rated fatty acids by a free radical-catalyzed mechanism.
F2-iP is one of the main classes of isoprostanes and the
levels in blood or urine are widely regarded as the refer-
ence marker for the assessment of oxidative stress [43, 44].
To our knowledge, there are only a few studies which have
evaluated 4-HNE and isoprostane levels in silicosis or other
fibrotic lung diseases [32, 45]. In 2011, Pelclova et al. quan-
tified the levels of 8-isoprostane, 4-HNE, and MDA in the
breath condensate, plasma, and urine of 37 patients with
silicosis and 29 controls. They showed that silicosis patients
had significantly higher levels of 4-HNE and MDA in urine
and plasma samples, respectively; while 8-isoprostane levels
were only found to be increased in the breath condensate of
patients with silicosis. They also evaluated whether systemic
diseases such as ischemic heart disease, hypertension, and
diabetes were effective on the levels of lipid peroxidation
parameters, and found that 8-isoprostane and 4-HNE levels
were not affected by the presence of systemic conditions and
were a direct result of lung damage [32]. However, by doing
so, they also included patients with diabetes and hyperten-
sion in their control group, which would have increased the
levels of lipid peroxidation parameters in this group; thereby
affecting statistical comparisons. In the current study, com-
pared to healthy controls with similar characteristics, the
levels of MDA, 4-HNE, and F2-iP were found to be signifi-
cantly increased in both the plasma and urine samples of
silicotic patients.

Oxysterols

Oxysterols are the 27-carbon oxidation products of choles-
terol. They can be easily transported out of the cells with the
addition of oxygen to the steroid ring or aliphatic side chain,
which changes the hydrophobic/hydrophilic nature of the
molecule [46, 47]. Oxysterol derivatives produced by autoxi-
dation have been associated with many pathological condi-
tions, and are suggested to be relatively accurate indicators
of in vivo oxidation [29, 48]. Normally, oxysterols are found
in mammalian tissues at very low concentrations; however,
their levels are significantly altered in various pathological
conditions including inflammatory diseases, atherosclerosis,
neurological diseases, and cancer [8, 29, 49, 50].

Some oxysterols have important biological activities
such as induction of cell death, and pro-oxidative and pro-
inflammatory activities, and they can therefore contribute to
the initiation and development of important diseases [51].
Moreover, there is an argument that oxysterols have a role
in the initiation of the inflammatory process in chronic dis-
eases [52]. There are also currently numerous experimental
data supporting the notion that several oxysterols contribute
to age-related diseases and are involved in aging process.
Therefore, a better knowledge of the biological activities of

oxysterols should permit to improve the understanding of
aging process, and of the physiopathology of several age-
related diseases [29].

Oxysterols may play role as immunosuppressors by
affecting the production of cytotoxic lymphocytes and nat-
ural killer (NK) cells, which can inhibit the de novo bio-
synthesis of sterols. Cholesterol is required molecule for
the proliferation and cytotoxicity of lymphocytes. Certain
inflammatory functions of macrophages and lymphocytes
are affected by oxysterols as the generation of ROS and the
activity of interleukin (IL) 1. It is also shown in different
cell lines that 7KC induced both expression and synthesis
of key chemokines for monocytes/macrophages, particularly
monocyte chemoattractant protein-1 (MCP-1) [51].

The current study aimed to evaluate oxysterol levels,
which are formed by auto-oxidation of cholesterol in sili-
cosis patients, determining S1P levels as a sphingolipid
metabolite, and to determine the possible lipid peroxidation
as well as the related parameters by different parameters.

In our study, it was found that 7-KC is positively and
highly correlated with silicosis status. 7KC is a potent
inducer of inflammation, and therefore it could also contrib-
ute in the inflammation observed in silicosis. Furthermore,
our measured values are comparable with the literature
which shows the specificity of our methods [51, 53]. These
results generally show a relationship between increased
urine and plasma levels, which suggests that it plays a poten-
tial role for silicosis disease. High and significant correla-
tions between the plasma levels of MDA, 4-HNE, and F2-iP
levels were observed in the patient group. Although there
are studies evaluating oxidative stress and ROS formation in
silicosis, to our knowledge, this is the first study to evaluate
cholesterol oxidation and its association with lipid peroxida-
tion in silicosis.

Hinamoto et al. evaluated the correlations between the
plasma and urinary levels and the clinicopathological param-
eters in patients with renal disorders [52]. In their study, no
significant relationship was found between plasma and urine
levels, but plasma levels were found to be positively cor-
related with each other. They determined that urine levels
were positively correlated with each other and the presence
of mesangial hyper-cellularity [52]. These findings are quite
consistent with our results.

Conclusion and recommendations

In order to determine cholesterol oxidation, levels of 7-KC
and triol have been measured with elevated levels of silicosis
and it has been predicted that they may be biomarkers in the
disease. Therefore, it is thought that cholesterol oxidation
in this patient group may also play a role in the pathogen-
esis of the disease. Findings have shown that lipid peroxi-
dation is induced in these patients. Our results suggest that
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cholesterol oxidation can be used as an important marker in
this group of exposures, and in silicosis lipid metabolism
is affected and oxidative lipid damage is triggered. There
are several important considerations regarding the physi-
ological/pathophysiological functions and activities of the
different oxysterols. It is therefore important to determine
their biological activities and identify their signaling path-
ways, when they are used either in isolation or as mixtures.
Therefore, it is concluded that it is meaningful to perform
large-scale lipidomic studies by increasing the number of
patients in the future. In addition, information was collected
from the Department of Chest Diseases and Tuberculosis
of the Ankara Kecioren Occupational and Environmental
Diseases Hospital, Ankara, where samples were collected,
indicating that new cases were lighter prognosis than pre-
vious applications, but structural changes due to oxidative
damage were also determined at these stages of the disease.
Due to oxidative lipid damage in patients, it can be sug-
gested that antioxidant supplementation and attention to
feeding of these patients are also important. Regular usage
of antioxidant supplements can reduce free radical reactions
and oxidative lipid damage, thus delaying the development
of lung fibrosis.
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