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SUMMARY
Background: Recent studies showed that atherosclerosis is a lysosomal storage disease (LSD) and Niemann-Pick
disease type C1 (NPC1) is the most important protein of the lysosomal membrane that is involved in the removal
of FC from lysosomes. Whereas several in vitro and in vivo studies have described the crosstalk between lysosomal
cholesterol accumulation and increased inflammation, there is no study addressing the correlation between NPC1
gene expression and an anti-inflammatory cytokine, interleukin 10 (IL-10) serum concentration in atherosclerotic
patients.
Methods: IL-10 and 25-hydroxyvitamin D serum concentrations were quantified by enzyme-linked immunosorbent assay (ELISA) in atherosclerotic patients (n = 40) and a control group (n = 40). NPC1 gene expression analysis was performed by quantitative real-time PCR, and correlation between the two parameters was assessed.
Results: Mean IL-10 serum concentration and peripheral blood mononuclear cells’ (PBMCs) gene expression of
NPC1, adjusted for drug consumption, age, and BMI, was not significantly different between the patient and control groups (p = 0.6 and 0.67 respectively). However, NPC1 gene expression showed positive significant correlation
with IL-10 serum concentration (p = 0.04, r = 0.29). We also observed lower serum concentration of IL-10 in the
subjects with lower 25-hydroxyvitamin D serum concentration (p = 0.034).
Conclusions: Our findings supported the previous observations showing the contribution of lysosomal lipid homeostasis of PBMCs to inflammation and pathogenesis of atherosclerosis.
(Clin. Lab. 2017;63:xx-xx. DOI: 10.7754/Clin.Lab.2017.170513)
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of
global morbidity and mortality, and it alone is responsible for half of the deaths resulting from non-communicable diseases [1]. Atherosclerosis, the primary cause
of CVD worldwide, is a chronic, progressive, and inflammatory disease [2]. The hallmark feature in the
pathogenesis of atherosclerosis is lipid (specially cholesterol ester) laden macrophages [3]. It is believed that
the progression and inflammatory response of athero-
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tivation of anti-apoptotic pathways [17]. In addition, recent studies have shown that IL-10 also has a powerful
influence on cellular lipid metabolism by stimulating
both cholesterol influx and cholesterol efflux (RCT)
[18]. Moreover, it has been demonstrated that overexpression of IL-10 in macrophages inhibits atherogenesis
[17].
On the other hand, increasing evidence shows that vitamin D [25-hydroxyvitamin D] deficiency may promote
atherosclerosis [19]. Several mechanisms have been
suggested which could explain the possible association
of vitamin D deficiency and CVD. One of the most important attributed mechanisms of vitamin D in atherosclerosis is the attenuation of inflammation through increasing expression of anti-inflammatory cytokines
[20].
Therefore, due to the important regulatory function of
IL-10, NPC1, and 25-hydroxyvitamin D in inflammation and cholesterol homeostasis during atherosclerosis,
in this study we investigated the serum concentration of
IL-10 and 25-hydroxyvitamin D as well as NPC1 gene
expression in PBMCs of atherosclerotic patients and
controls.

sclerosis can be improved if cholesterol homeostasis in
plaque macrophages occurs more efficiently [3]. It has
been demonstrated that cholesteryl ester (CE) accumulation in cells includes cytoplasmic and lysosomal CE
accumulation [4,5]. Most studies were mainly focused
on the mechanisms mediating the abnormal intracellular
cholesterol trafficking and cytoplasmic accumulation of
CE [6]. However, it has been shown that atherosclerotic
macrophages display lysosomal dysfunction, including
lysosomal enlargement, increased membrane permeability and lysosomal pH, and decreased proteolytic capacity [7,8]. Since lysosomes serve as the main metabolic
organelles in hydrolyzing ox-LDL, it is critical to understand the factors that influence lysosomal CE accumulation thereby influencing macrophage lipid accumulation and pathogenesis of atherosclerosis [5]. It has
been demonstrated that the initiation phase of atherosclerosis is mainly accompanied by the CE accumulation within the cytoplasmic lipid droplets; however,
during the late-stage of atherosclerosis, CE and free
cholesterol (FC) significantly accumulated within the
lysosomal lipid droplets [4]. Lysosomal FC accumulation can directly cause an increase in lysosomal membrane cholesterol content and inactivation of V-ATPase
pump. Inactivation of this acidification pump disturbs
the function of lysosomal hydrolase enzymes and, finally, leads to formation of lipid laden lysosomes or foam
lysosomes. Thus, abnormal function of lysosomes, especially disturbed lysosomal FC efflux to the cytosol, is
a main contributor to the late-stage of atherosclerosis [4,
9-11].
Niemann-Pick type C1 (NPC1) is known as the most
important protein involved in lysosomal FC efflux its
function is coupled with NPC2. The NPC2 protein is a
soluble FC-binding protein in the lysosomal lumen but
the NPC1 protein is a transmembrane protein with a FC
binding site. NPC1 first receives FC from NPC2 and
then delivers the lysosomal FC to ER and plasma membrane [12]. The NPC1 defect is related to Niemann-Pick
Disease Type C (NPC) disease. The most noticeable
biochemical feature of NPC1-deficient cells is an excessive lysosomal CE accumulation. Also, subjects with
NPC1 deficiency display decreased plasma high density
lipoprotein-cholesterol (HDL-C) levels and decreased
reverse cholesterol transport (RCT) [13].
Although in the past, the studies on the subject of lysosomal CE accumulation was limited to its association
with plaque severity, and recently, a growing body of
evidence supports the pivotal link between lysosomal
CE accumulation and inflammation [14]. Atherosclerosis has been proposed as an inflammatory disease which
involves the pathogenesis many different pro- and antiinflammatory cytokines [15]. Interleukin 10 (IL-10) is
one of the most important anti-inflammatory cytokines
that is mainly secreted from activated peripheral blood
mononuclear cell (PBMCs) [15,16]. Principal roles of
IL-10 include modulating multiple atherogenic macrophage functions, inhibition of matrix metalloproteinases
(MMP), proinflammatory cytokines production, and ac-

MATERIALS AND METHODS
Study population (sampling)
Eighty men aged 50 years or more participated in this
case-control study. Patients (n = 40) and controls
(n = 40) who had undergone coronary angiography examination were recruited from Tehran Heart Center,
Tehran, Iran for this study. Subjects with 50% or more
stenosis in at least one of the vessels [right coronary artery (RCA), left coronary artery (LCA) and left anterior
descending artery (LAD)] were considered as the patient group. All controls had < 10% stenosis. Every angiogram was scored by at least one attending cardiologist and one attending surgeon. All subjects with liver
and kidney diseases, diabetes, stroke, cancer, and MI in
the last three months were excluded from the study. The
study was approved by the ethical committee of TUMS
and informed consent was obtained from all the individuals.
Clinical characteristics and laboratory evaluation
Demographic and anthropometric indices of the study
population including age, height, weight, blood pressure
(BP), and history were taken and body mass index
(BMI) was calculated. Blood samples were collected
from all the subjects after an overnight fast. Whole
blood (10 mL) was collected into EDTA-K3 tubes
(5 mL) for PBMC isolation and molecular tests and into
coagulation tubes (5 mL) for the evaluation of lipid profile, IL-10, and 25-hydroxyvitamin D serum concentrations. The IL-10 serum concentration was measured by
immunoassay (ELISA), according the manufacturer’s
instructions (Human IL-10 ELISA Kit (Interleukin-10)
(Abcam, ab46034). According to manufacturer’s claim,
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the ELISA intra- and inter- assay coefficients of variation and sensitivity of the IL-10 were 3.2% and 7.3%,
< 5 pg/mL, respectively. A standard curve was plotted
using the average of optical densities (ODs) and concentrations of standards. The results were within the linear range of the standard curve. The serum concentration of 25-hydroxyvitamin D was assessed using a commercial kit (Immunodiagnostic Systems, UK). The
ELISA intra- and inter- assay coefficients of variation
were < 8% and < 10%, respectively.
Ficoll-Hypaque (lympholyte, Cedarlane, Canada) density gradient separation was used for isolation of PBMCs,
and the cells were washed twice in PBS.
Serum total cholesterol (TC), triglycerides (TG), highdensity lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were determined
enzymatically (Pars Azmoon kits, Iran) using a fully automated auto analyzer.

RESULTS
Clinical characteristics of study population
Demographic and anthropometric characteristics, laboratory findings, and medical history of the subjects are
presented in Table 2. Atherosclerotic patients were older than the control group (p = 0.001). In addition, they
were more likely to have a familial history of cardiovascular disease (CAD) and hyperlipidemia history
(p = 0.002, 0.023 respectively). HDL-C was lower in
the atherosclerotic group compared to the control group
(p = 0.023). TG, TC, and LDL-C indicated no significant difference between the patients and controls
(p = 0.702, 0.156, 0.821, respectively).
IL-10 serum concentration analysis
IL-10 serum concentration was significantly higher in
the control group compared to the atherosclerotic group
(p < 0.001). However, after a full adjustment for age,
BMI, statin, anticoagulant, and nitrate drugs consumption, no significant difference was observed between the
atherosclerotic and control groups (p = 0.6) (Table 2).

Real time PCR analysis
Gene All kit was utilized for total RNA extraction from
PBMCs according to the protocol. Reverse transcription
of total RNA was performed using the Revert Aid First
Strand cDNA synthesis kit (Thermo Scientific,
#K1622), according to the protocol. Gene expression
analysis was assessed by Quantitive real-time PCR, using SYBR Premix Ex TaqTMII (Takara, Japan) in a final volume of 20 µL on a Rotor Gene real-time thermocycler (Qiagen, Germany). The following reaction conditions were applied: 2 minutes at 95°C, 40 cycles of
15 seconds at 95°C, and 30 seconds at 60°C, and a melting curve protocol from 65°C to 95°C. Beta-actin (as
the endogenous control) and NPC1 primers are listed in
Table 1. Amplification efficiency of primers was calculated by real time PCR of 5X serial dilutions of pooled
cDNA.

NPC1 gene expression analysis in PBMCs
To evaluate the expression of NPC1 in PBMCs, relative
quantitative real-time PCR was performed. mRNA expression of NPC1 in the PBMCs of the control group
was significantly higher compared to that of patients
(p < 0.001). However, after a full adjustment for age,
BMI, statin, anticoagulant, and nitrate drugs consumption, no significant difference was observed between the
atherosclerotic and control groups (p = 0.67) (Figure 1).
Association between NPC1 gene expression and IL10 serum concentration
Because of available evidence that linked lysosomal lipid homeostasis and inflammation, we evaluated the
NPC1 gene expression in the subjects divided by IL-10
serum concentration (group 1: IL-10 < 12 pg/mL, group
2 ≥ 12 pg/mL), we observed higher expression of NPC1
in group 2 compared to group 1 (p = 0.006), after a full
adjustment for the mentioned factors (Figure 2).
We then evaluated the correlation between NPC1 gene
expression and IL-10 serum concentrations in the subjects. NPC1 gene expression was positively associated
with the IL-10 serum concentration, after a full adjustment for age, BMI, statin, anticoagulant and nitrate
drugs (p = 0.04, r = 0.29) (Table 3).

Statistical analysis
The data were analyzed using SPSS 20 software. Independent t-test was used to compare the parametric parameters between groups. Comparison of qualitative
variables between groups was performed using the Chisquare test. The quantitative parameters were reported
as mean ± SEM. A p-value < 0.05 was taken as statistically significance. IL-10 serum concentration and NPC1
gene expression correlation was performed using univariate multiple linear regression. This correlation analysis was adjusted for age, BMI, statin, anticoagulant,
and nitrate drugs consumption. The standardized regression coefficients were indeed the same as correlation
coefficients after controlling for the above-mentioned
confounding factors.
Also, univariate analysis was performed to correct the
data of IL-10 and 25-hydroxyvitamin D serum concentration and NPC1 gene expression between patient and
control groups for the mentioned confounding factors.
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25-hydroxyvitamin D serum concentration analysis
After a full adjustment, 25-hydroxyvitamin D serum
concentration was higher in the control group compared
to the atherosclerotic group, but not significant
(p = 0.086) (Table 2).
We further divided the subjects into two groups, group
1; 25-hydroxyvitamin D < 30 ng/mL and group 2;
25-hydroxyvitamin D > 30 ng/mL, and we observed a
higher level of IL-10 serum concentration in group 2
compared to group1 (p = 0.034) (Figure 3).
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Table 1. Primers for real time PCR.
Primer

Forward

Reverse

Beta-actin

5′-GGACTTCGAGCAAGAGATGG-3′

5′-AGCACTGTGTTGGCGTACAG-3′

NPC1

5′-GGTCCGCCTGTGTACTTTGT-3′

5′-GGCTTCACCCAGTCGAAATA-3′

Table 2. Clinical characteristics and laboratory findings.
Variable

Controls (40)

Patients (40)

p-value

58.90 ± 1.24

64.92 ± 1.27

0.001

28.2 ± 0.86

25.9 ± 0.81

0.06

TG (mg/dL)

*

138.8 ± 16.25

124.7 ± 12.19

0.702

TC (mg/dL)

*

Age (year)

*

BMI (kg/m2) *

159.45 ± 6.68

145.41 ± 7.15

0.156

LDL-C (mg/dL) *

95.86 ± 5.38

94.29 ± 5.06

0.821

*

43.21 ± 1.52

37.68 ± 1.77

0.023

114.81 ± 1.95

121.12 ± 2.90

0.076

72.43 ± 1.45

74.20 ± 1.65

0.423

6 (15)

19 (46.3)

0.002

9 (22.5)

19 (46.3)

0.023

14 (35)

22 (53.7)

0.09

9 (22.5)

17 (41.5)

0.06

HDL-C (mg/dL)
SBP

*

DBP *
Family history of CAD
Hyperlipidemia

**

**

Hypertension **
Smoking

**

Physical activity

**

13 (67.5)

18 (56.1)

0.29

IL-10 serum concentration (pg/mL) *

17.57 ± 0.78

18.66 ± 0.91

0.6

25-hydroxyvitamin D serum
concentration (ng/mL) *

27.57 ± 5.09

8.15 ± 6.84

0.086

Data are expressed as mean ± SEM (*), and patient number (percentage) (**) as appropriate. [Body Mass Index (BMI), TG (Triglyceride), TC
(total cholesterol), LDL-C (low density lipoprotein cholesterol), HDL-C (high density lipoprotein cholesterol). SBP (systole blood pressure),
DBP (diastole blood pressure)].

Table 3. Association between NPC1 gene expression and IL-10 serum concentration in study population.

NPC1 gene expression and IL-10 serum
concentration correlation

p-value

Standardized regression coefficients

0.04

0.29

jects with lower NPC1 gene expression were more likely to have lower IL-10 serum concentration. Our linear
regression analysis also showed a significant positive
correlation between NPC1 gene expression and IL-10
serum concentration. Furthermore, when divided into
two groups according to the serum 25-hydroxyvitamin
D level (group 1 < 30 ng/mL and group 2 > 30 ng/mL),
the subjects with 25-hydroxyvitamin D deficiency demonstrated lower IL-10.
Since atherosclerosis is an inflammatory disease, many

DISCUSSION
According to the literature review, this is the first study
to examine the correlation of IL-10 serum concentration
with NPC1 gene expression in the context of CAD. Our
results indicated that after full adjustment, NPC1 gene
expression in PBMCs was lower, but not significant, in
patients compared to controls. Although we did not find
a significant difference in IL-10 serum concentration
between the atherosclerotic and control groups, the sub4
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Figure 1. NPC1 gene expression in study population (p = 0.67 adjusted for age, BMI, statin, anticoagulant and nitrate drugs).

Figure 2. NPC1 Gene expression in the groups divided by IL-10 concentration (group 1: IL-10 < 12 pg/mL, group
2: ≥ 12 pg/mL) (p = 0.006 adjusted for age, BMI, statin, anticoagulant and nitrate drugs).

different anti-inflammatory cytokines are involved in
the protection against progression of this disease [21,
22]. It is well-established that IL-10 is one of the most
important anti-inflammatory and counter-regulatory cyClin. Lab. 1+2/2018

tokines which limits the inflammatory responses and effects [18,23]. A previous study demonstrated lower levels of IL-10 in coronary heart disease patients compared
to controls [24]. Seyrek et al. and also Fichtlscherer et
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Figure 3. IL-10 serum concentration in vitamin D groups (group 1: < 30 ng/mL and group 2: ≥ 30 ng/mL) (p = 0.034 adjusted
for age, BMI, statin, anticoagulant, and nitrate drugs).

al. demonstrated that IL-10 serum concentration decreases in atherosclerotic patients [25,26]. Although we
also observed lower levels of IL-10 in the patient group
compared to the control group, after full adjustment for
drug consumption, age, and BMI, we could not see a
significant difference between the two groups.
NPC1 is the most important protein in the lysosomal
membrane that contributes to cholesterol transport from
the lysosome to the cytosol. Several studies have shown
that NPC1 deficiency was associated with lysosomal
cholesterol accumulation, also reduced ABCA1 sterol
transporter and decreased cholesterol efflux and, consequently, progression of atherosclerosis [13,27]. Therefore, NPC1 has an atheroprotective role in CAD [27].
Mosig et al. showed that mRNA expression of NPC1
was decreased in familial hypercholesterolemia monocytes possibly contributing to the early onset of atherosclerosis in this disease [28]. In the present study, although we have seen significantly decreased NPC1
gene expression in the atherosclerotic group, but after a
full adjustment, we did not find a significant difference
in NPC1 gene expression between two groups, most
probably due to relatively small sample size.
However, we found that NPC1 gene expression has a
positive significant correlation with IL-10 serum concentration in our study population. According to previous cellular and animal studies, there is a relationship
between lysosomal cholesterol accumulation and inflammation [14]. In fact, a wealth of evidence shows

that IL-10 can influence cellular lipid metabolism by facilitating both cholesterol uptake and cholesterol efflux
[29]. On the other hand, several studies have demonstrated that lysosomal cholesterol accumulation can lead
to increased inflammation in the cells by different
mechanisms, including disturbance of autophagy due to
changes in lysosomal membrane lipid composition [3032], lysosomal membrane damage that results in release
of cathepsins into the cytosol, mitochondrial dysfunction and apoptosis [33,34], and activation of the inflammasome due to cholesterol crystal formation [35]. So,
there is a close linking between inflammation and lysosomal cholesterol homeostasis. According to the previous studies, it seems that reduction of lysosomal cholesterol accumulation has beneficial effects in the attenuation of inflammation and improvement of atherosclerosis progression [14]. Moreover, it has been demonstrated that culturing T cells isolated from PBMCs in
two media with and without lipid led to changes in lipid
rafts, cellular cholesterol content and, notably, IL-10 secretion [36]. Therefore, our finding regarding association of NPC1 gene expression in PBMCs with IL-10 serum concentration could confirm previous in vitro and
animal studies in clinical context, suggesting that dysregulated NPC1 gene expression in PBMCs of CAD patients might favor lower production of the anti-inflammatory cytokine, IL-10. However, several basic and
molecular studies are needed to determine the exact
mechanism of correlation between NPC1 and anti-in-

6

Clin. Lab. 1+2/2018

Niemann-Pick Disease, Type C1 and Interleukin 10

flammatory cytokine levels in atherosclerotic milieu.
Several lines of evidence support the correlation of vitamin D deficiency with inflammation [37]. In the current
study, we observed higher levels of IL-10 in the subjects with normal 25-hydroxyvitamin D levels
(> 30 ng/mL) after adjustment which is consistent with
previous reports indicating increased secretion of IL-10
upon vitamin D treatment in innate immune system
cells including PBMCs and T cells [37, 38]. In contrast,
another study reported that linear regression analysis in
a diabetic population divided into deficient and sufficient groups showed inverse correlation between serum
25-hydroxyvitamin D and IL-10 concentration; however, they found no correlation after adjustment for gender, BMI, HbA1c, and diabetes duration [39].
The present study has some limitations. First, the study
sample size is relatively small, thus further large-scaled
studies are needed to confirm current findings, and second, our study is limited by the lack of data of NPC1
protein qualification in lysates of PBMCs which could
verify and give more strength to the declaration that
NPC1 is correlated with IL-10 in context of CAD.
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