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Abstract

ACKGROUND: Inflammation is a central
B feature of the atherosclerotic process particularly

in obesity. hsCRP, a marker of inflammation, may
be directly involved in all phases of atheroslerosis by
complement activation, apoptosis, vascular cell activation,
monocyte recruitment, lipid accumulation and thrombosis
(1,2). Inflammation has a causal relationship with cysteine
proteases including cathepsin S. Therefore, cathepsin S
is considered as a molecular link between obesity and
atherosclerosis (3). An imbalance between elastolytic
cysteine proteases, cathepsin S and its inhibitor, cystatin C,
is involved in the pathogenesis of atherosclerosis (4,5,6).
Some studies have shown that increased circulating levels
of cathepsin S, hsCRP and cystatin C in inflammatory
conditions contribute to atherosclerosis. This study was
conducted to investigate the associations between ox-LDL
and cathepsin S, and cystatin C and hsCRP in men with
central obesity.

METHODS: This was a cross-sectional study involving
71 male subjects with central obesity (waist circumference
> 90 cm), with no renal dysfunction, aged 30-60 years.

RESULTS: Cathepsin S did not have a significant
correlation with ox-LDL (r = 0.158, p = 0.096). Ox-LDL
had positive correlation with cystatin C (r = 0.156;p =

0.029) and hsCRP (r = 0.204; p = 0.045), and cathepsin S/
cystatin C ratios (r = 0.360; p = 0.024) at level > 91 U/L
(median ox=-L.DL).

CONCLUSIONS: There were associations between ox-
LDL and cystatin C, hsCRP and cathepsin S/cystatin C

ratios in men with central obesity.

KEYWORDS: Obesity, inflammation, atherosclerosis,
hsCRP, cystatin C, cathepsin S, ox-LDL
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Introduction

Atherosclerotic cardiovascular disease (CVD) is a major
health problem all over the world including Indonesia.
Obesity, one of the primary risk factors for atherosclerosis,
has a correlation with morbidity and mortality of cardio-
vascular diseases (1). However, the exact molecular
pathways that underlies these relationships remain to be
poorly understood. Evidence has accumulated indicating
that obesity is associated with a state of chronic, low-grade
inflammation (7). Inflammation triggered by obesity may
accelerate the process of atherosclerosis (8). In obesity, the
adipose tissue is infiltrated by macrophages and it secretes
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the proinflammatory cytokines (9). The adipose tissue
is not only a storage of fat but also an active endocrine
organ that secretes various bioactive factors known as
adipokines, and it can trigger the inflammatory changes
mediated by cytokines in the liver, systemic inflammation
and atherosclerosis (9).

Atherosclerosis is characterized by lipid accumulation
in large and medium-sized arteries. Lipid accumulation
and oxidation are followed by inflammatory response and
release of cytokines, which participate in the regulation of
protease expression and activation (10). It is mentioned that
proteases are involved in regulation of cell migration and
plaque stability. The two most studied protease families are
serine proteases and matrix metalloproteinases (10). But
in the recent years, the cysteine proteases of the cathepsin
family have been reported of having an important role
in atherosclerotic disease (11). Cystatin C is a protein
present in all nucleated cells and it is secreted into the
extracellular space. Cystatin C functions as an inhibitor
of cysteine proteases of the cathepsin family. Protease
inhibitors including cystatin C are generally regarded as
atheroprotective or antiatherosclerosis, because the role
of proteases in matrix degradation, which constitutes the
major atherogenic process (8).

Cathepsin S is a family of proteolytic enzymes that
not only could degrade intracellular proteins engulfed by
lysosomes, but also extracellular elements such as elastin,
fibronectin, laminin and collagens (12). Degradation of
extracellular matrix (ECM) in the vessel wall enables
smooth muscle cells (SMCs) to migrate from media into
intima and inflammatory cells to infiltrate from circulation
into arterial wall, critical process in the pathogenesis of
atherosclerosis (13). Cathepsin S has been suggested as
a molecular link between obesity and atherosclerosis,
possibly mediated via adipose tissue-derived inflammation
(3).

Associated with atherogenic changes, inflammation
may be one mechanism that is associated with cystatin C and
cardiovascular risk, and its high cystatin C concentrations
have a correlation with high CRP concentrations (14). It
is possible that this association could be associated with
the presence of renal dysfunction (13,15), but it has been
suggested that high cystatin C concentrations are directly
related to both inflammation and atherosclerosis (15).

There is evidence to indicate that both elastolytic
cysteine proteases and their inhibitors, an important one
of which is cystatin C, are involved in the pathogenesis
of atherosclerosis. Studies have suggested that rather
than the circulating levels, the imbalance between
proteases and inhibitors determines their net effects on
the cardiovascular system (4,7,16,17). Inflammatory
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cytokines associated with atherosclerosis stimulate the
production of lysosomal cathepsins, and increased plasma
concentrations of cystatin C, as cathepsin inhibitor, may
play a role to counterbalance the potentially damaging
increase of elastolytic activity. Researchers have shown
that human cathepsins are expressed in smooth muscle
cells, endothelial cells, and macrophages, and as such they
are involved in the progression, composition, and rupture
of atherosclerotic plaques (15,17). Increased concentration
of cathepsin promotes a wide spectrum of simultaneous
cellular activities, such as ECM degradation, activation
of endothelial cells, migration of macrophages, lipid
accumulation in vascular wall, particularly exacerbating
the evolution of atherosclerotic plaque (17).

Atherosclerosis represents the condition of increased
oxidative stress characterized by oxidation of lipid and
protein in the vascular wall. The oxidative modification
hypothesis assumes that LDL (Low-Density Lipoproteins)
oxidation is an early event in atherosclerosis, and that ox-
LDL is one of the important contributors of atherogenesis
(18). Experimental researchers have shown that ox-LDL
is directly involved in the initiation and progression of
atherosclerotic lesions, from the earliest stages to the
late-stage development of plaque instability and rupture
(19,20). This study was aimed to investigate the correlation
of ox-LDL and cathepsin S with cystatin C in the condition
of inflammation, as represented by the marker hsCRP, in
men with central obesity.

Methods

STUDY DESIGN AND SUBJECTS

This was a cross-sectional study conducted at the Prodia
Clinical Laboratory in Bandung and Jakarta (January
2012-March 2012) involving 71 male subjects with
central obesity (waist circumference > 90 cm), aged 30-
60 years. Central obesity was defined according to the
International Diabetes Federation 2005 criteria as waist
circumference = 90 ¢cm for men. All the study subjects
did not have chronic kidney disease [Estimated GFR
(eGFR) using Modification of Diet in Renal Disease
(MDRD) >60 mL/minute)], abnormal liver function test
(serum glutamic oxaloacetic transaminase (SGOT)/serum
glutamate pyruvate transaminase (SGPT) > 2N), thyroid
disorder (thyroid stimulating hormone/TSH > 4.94 ulU/
mL for hypothyroid and TSH < 0,35 ulU/mL) or acute
inflammation (hsCRP < 10 mg/L). The study protocols
were approved with the ethical clearance from the
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Health Research Ethics Committee, Faculty of Medicine,
Hasanuddin University, Makassar (no.UH12010014).
All subjects gave a written informed consent. During
the baseline examination, each subject completed a self
administered questionnaire covering medical history,
exercise, medicine intake for any inflammatory history,
smoking habits, and alcohol intake. The questionnaires for
screening were checked by the principal researcher.

All subjects were examined after an overnight
fasting for 10-12 hours. Measurements were done to
assess anthropometric parameters (waist circumference
= 90 cm, height, weight, blood pressure) and several
biochemical variables (concentration of fasting glucose,
HDL-Cholesterol, triglyceride, creatinine, SGOT, SGPT,
total cholesterol, LDL-C, TSHs, hsCRP, cystatin C,
cathepsin S and ox-LDL). Fasting serum samples were
obtained and kept at -20°C.

ASSAY OF BIOCHEMICAL MARKERS
Creatinine (mg/dL), HDL-Cholesterol (mg/dL), total cho-
lesterol (mg/dL), LDL-Cholesterol (mg/dL), triglyceride
(mg/dL), fasting plasma glucose (mg/dL), SGOT (U/L),
SGPT(U/L) were determined using Prodia Clinical Labo-
ratory routine procedures by Modular P800 (Roche). TSHs
(ulU/mL) levels were evaluated using an Abbott Architect
2000 device and the Chemiluminescence Microparticle
Immunoassay (CMIA) method.

Serum concentration of hsCRP (mg/L) was measured
by immunochemiluminescent assay of Immulite 2000
(Diagnostic Products Corporation). Cystatin C (mg/L) was
measured by particle-enhanced immunonephelometry by
Siemens in Behring Nephelometer Prospec device. Plasma
Ox-LDL (U/L) was measured using a mouse sandwich
ELISA from Mercodia (Mercodia oxidized LDL ELISA).
Cathepsin S (pg/mL) was determined by ELISA method
from Adipobiotech.

STATISTICAL ANALYSIS

Statistical analysis were performed with SPSS for
Windows version 13.0 software (SPSS Inc., Chicago,
IL, USA). Distributions of continous variables were
assessed for normality using the Kolmogorov-Smirnov
test. Correlations between variables were analyzed
using Pearson, Spearman and Kendall’s Tau correlation
analyses. The results are narrated and explained in tables
and graphs. For the statistical tests we used 5% as the level
of significance.
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Results

The early or screening stages of this study were participated
by 90 adult males, 30-60 years of age. Anamnesis and
physical examination were carried out to assess the waist
circumference (WC), blood pressure, weight and height of
the study subjects. Four men with WC less than 90 cm were
excluded. Blood tests were done to evaluate SGOT, SGPT,
fasting blood glucose, total cholesterol, HDL cholesterol,
LDL cholesterol, triglycerides, creatinine, hsCRP and
TSHs. Based on the laboratory results, 19 participants were
excluded (4 of SGPT/SGOT > 2N, 5 subjects with hsCRP >
10 mg/dL, 3 subjects with eLFG < 60 mL/minute/1.73m?,
1 subjects with TSH > 4 .94 ulU/mL, 2 subjects with TSH
< 0,35 ulU /mL). In addition, we finally decided to exclude
another participant from the model, as we considered the
subject (single data) as an outlier of Ox-LDL that may
cause biases in the subsequent analyses. The clinical and
biochemical characteristics of the subjects examined are
shown in Table 1.

Pearson or Spearman’s correlations test was performed
to assess correlations. The result of the correlation test of
obesity based on WC showed significant correlation with
hsCRP (p = 0.035) only, but not with Cathepsin S (p =
0.610), Cystatin C (p = 0.066) and ox-LDL ( p= 0.541).
There was a significant increase in hsCRP concentration
at WC up to 110 cm (r = 0.253, p = 0.035), but it started to
decline at WC above 110 cm (Figure 1).

In subjects with WC < 110 cm, the inflammatory
factors that worked might be only hsCRP as indicated by
the test value p < 0.05 and result of WC correlation were
only significant with hsCRP (r=0.253,p=0.035). hsCRP
is one of the inflammatory markers that is most reliable and
accessible for clinical use (21). Serum CRP can detect even
a minor level of inflammation (22). CRP may be involved
in each phase of atherosclerosis by directly influencing
processes like complement activation, apoptosis, vascular
cell activation, monocyte recruitment, accumulation of
lipid and thrombosis (23). Analysis was then done to see
the qubic relationship between hsCRP with each marker
of ox=LDL, cystatin C and cathepsin S (Figure 2). Ox-
LDL concentrations appeared to increase significantly
after hsCRP concentration reached 8 mg/L (Figure 2a).
The same tendency was shown by cathepsin S (Figure
2b). When inflammatory condition occurred (in this case
indicated by hsCRP), concentration of cathepsin S tended
to increase significantly at hsCRP concentration of 8 mg/L
and alleged that back compensation from cystatin C as
inhibitor of cathepsin S still did not occur or it was still in
balance (Figure 2 c)
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Table 1. Clinical and biochemical characteristics of the study subjects

Variables Mean £ SD Median Min Max
BMI (kg/m?) 28.91 £ 3.08 27.91 23.79 38.87
SBP (mmHg) 130.43 + 16.55 130.00 100 190
DBP(mmHg) 82.86 + 6.84 80.00 70 100
WC (cm) 97.47 £7.32 95.00 90 125
Age (year) 43.77 £ 8.75 41.00 30 60
GOT (U/L) 27.23£9.71 26.00 2 66
GPT (UL) 40.03 £ 19.22 36.50 8 100
Fasting blood glucose (mg/dL) 102.69 £ 31.18 95.00 82 289
TotakC (mg/dL) 215.07 £ 41.33 214.50 132 348
HDL-C (mg/dL) 44.46 + 8.09 44.00 31 70
Direct-C (mg/dL) 135.86+ 35.18 137.00 68 231
Triglyceride (mg/dL) 195.84 + 131.91 166.50 48 847
Creatinine (mg/dL) 0.93+0.12 0.92 0.63 1.20
eGFR (mL/mnt/1.73m?) 91.20 + 14.80 90.02 64 132
TSHs (ulU/ml) 1.62 £ 0.68 1.45 0.41 3.91
hsCRP (mg/L) 1.85 £ 1.60 1.28 0.297 8.53
Cystatin C (mg/L) 0.85 + 0.11 0.84 0.64 118
Cathepsin S (pg/mL) 13342.74 + 2561.79 13545.40 3878.6 18040
Ox-LDL (U/L) 98.61 + 27.76 91.00 53 189

SBP=Systolic Blood Pressure; DBP=Diastolic Blood Pressure; BMI=Body Mass Index; Min=Minimum; Max = Maximum;

WC = Waist Circumference.
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Figure 1. Quadratic Relationship of WC and hsCRP.
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00000 -
.'.II
189003 o ,.“'
- R 7
: - o o ' ;
iu-u- s 8o 5 = f,d
[ B.‘ L 8 q_.f"
140004 ] n e e A
A
.._,-GD% e &
139300 8 - e 2 oo
o
&8 " %
100000 o e
" o B R Sq Cubic = 0.03
P L]
#8204
owe 2em a e 1o aw
hsCRF (mgiL)

Figure 2b. Cubic relationship between hsCRP and Cathepsin S.
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Figure 2¢. Cubic relationship between hsCRP and Cystatin C.
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Table 2. Correlation Cathepsin S/Cystatin C ratio with Ox-LDL

Ox-LDL (n =70)
Parameter <91 UIL (n = 35) >91 UL (n = 35)
P r p
Cathepsin S/Cystatin C ratio 0.198 0.134 0.336" 0.024

* = correlation was significant at 0.05 level (1-tailed).

In our study no significant correlation was found
between cathepsin S and ox-LDL (r=0.172;p=0.082). But
there was a significant linear correlation between cystatin
C and ox-LDL (r =0.156 ; p = 0.029). This suggests that
cystatin C may be involved in atherosclerosis process, as we
know that the causes of atheroscerosis are multifactorial.
The linear correlation between hsCRP and ox-LDL (r =
0.204 ; p = 0.045) proved that hsCRP as inflammatory
factor contributes to the pathogenesis of atherosclerosis,
characterized by increased concentration of ox-LDL in
central obesity. Our study showed a significant linear
correlation between ratios of cathepsin S/cystatin C at the
concentrations above the median Ox-LDL(91 U/L).

Discussion

The main finding of our study was the relationship
between central obesity and inflammatory condition in
the pathogenesis of atherosclerosis as shown by the linear
analysis results (p < 0.05), except for the correlation test
of cathepsin S with ox-LDL, which showed a positive
result but not significant (p = 0.158).

We found a significant correlation between cystatin C
and ox-LDL in obese individuals with waist circumference
=90 cm (r = 0.156, p = 0.029) and the correlation value
was greater in obese individuals with waist circumference
>110cm (r=0.233,p=0.032). This explains the possibility
of compensation mechanism from cystatin C to reduce
cathepsin activity so that its concentration decreases,
and consequently decrease in cystatin C concentration
induces secretion from endothelial cells, smooth muscle
cells (SMCs), and macrophages to release cystatin C
into the circulation. High concentration of cystatin C is
correlated with the expansion of larger atherosclerotic
plaque (4). However, the results of the analysis OR 1.714
(95 CI: 0.439 10 6.699) in this study did not indicate high
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cystatin C as a risk factor for increasing the concentration
of Ox-LDL, because data in this study showed that there
was still a balance between concentration of Cystatin C
and Cathepsin S.

We found a positive correlation but not significant
between cathepsin S and ox-LDL (p > 0.05). A study has
found that higher circulating concentration of cathepsin
S was a consequence of the prevalence of CVD, which
could constitute a higher risk of mortality (3). Lack of
association in our study was probably due to the small
number of samples that had a history of cardiovascular
risk (8.45% based on questionnaire data). Another possible
interpretation is that cathepsin S is expressed highly in
malignancy tissues (3), but in this study no marker of
malignancy was noted to exclude the cause of the high
concentration of cathepsin S (maximum 18040.0).

Our study showed a significant linear relationship
between cathepsin S/cystatin C ratios and ox-LDL (r =
0,336 ; p=0.024) at a concentration = median Ox-LDL
(91 U/L), as shown in Figure 3. These results support the
explanation that the dynamic balance between cathepsin
and cystatin C affects protein catabolism and different
physiological pathways. This effect can cause the onset
of various pathological conditions such as cancer and
cardiovascular diseases (24). Increased cathepsin S/
cystatin C ratio may determine the degree of biological
effects of cathepsin S in the pathogenesis of atherosclerosis
(25).

Our study showed that hsCRP correlated significantly
with WC (p = 0.035) and IMT (p = 0.029). This indicates
that obesity is a systemic inflammatory condition
characterized by increased hsCRP as acute phase protein.
This significant relationship may be partly mediated
by adipose tissue, a major source of proinflammatory
cytokines.

hsCRP has a significant correlation with ox-LDL (r =
0.204, p = 0.045). This result proved that inflammatory
mechanism (in this study represented by hsCRP)
plays an important role in all stages of atherosclerosis,
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from recruitment of leukocytes in circulation in artery
wall to rupture phase of unstable plaque. hsCRP is
directly involved in every stage of the complement
activation, apoptosis, vascular cell activation, monocyte
recruitment, lipid accumulation and thrombosis. hsCRP
increases the release of endothelin-1 and upregulation of
adhesion molecules and chemokines chemoattractants in
endothelial cells and vascular SMCs (26). Lyon et al. also
confirmed that the increased expression of adipositokin
could trigger inflammation that in turn would lead to
insulin resistance and endothelial dysfunction, and further
led to atherosclerosis (27). Inflammatory responses are
associated with the initiation, growth and complications of
atherosclerotic plaque, resulting in increased concentration
of hsCRP which leads to inflammation in the artery wall.
As such, the CRP can be used as a clinical marker for
predicting the risk of cardiovascular disease.

Conclusions

There were significant correlations between the
concentrations of ox-LDL and hsCRP, cystatin C, and
cathepsin S/Cystatin C ratio at the level = 91 U/L (median
ox-LDL) in men with central obesity. However, the
positive correlation noted between cathepsin S and ox-
LDL was not significant.
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