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Abstract
Background: Proteolytic degradation of Type I Collagen by proteases may play an important role in remodeling of 
atherosclerotic plaques, contributing to increased risk of plaque rupture.

The aim of the current study was to investigate whether human macrophage foam cells degrade the extracellular
matrix (ECM) of atherosclerotic plaques by cathepsin K mediated processes.

Methods: We 1) cultured human macrophages on ECM and measured cathepsin K generated fragments of type I 
collagen (C-terminal fragments of Type I collagen (CTX-I) 2) investigated the presence of CTX-I in human coronary 
arteries and 3) finally investigated the clinical potential by measuring circulating CTX-I in women with and without 
radiographic evidence of aortic calcified atherosclerosis.

Results: Immune-histochemistry of early and advanced lesions of coronary arteries demonstrated co-localization of 
Cathepsin-K and CTX-I in areas of intimal hyperplasia and in shoulder regions of advanced plaques. Treatment of 
human monocytes with M-CSF or M-CSF+LDL generated macrophages and foam cells producing CTX-I when cultured 
on type I collagen enriched matrix. Circulating levels of CTX-I were not significantly different in women with aortic 
calcifications compared to those without.

Conclusions: Human macrophage foam cells degrade the atherosclerotic plaques though cathepsin K mediated 
processes, resulting in increase in levels of CTX-I. Serum CTX-I was not elevated in women with aortic calcification, likely 
due to the contribution of CTX-I from osteoclastic bone resorption which involves Cathepsin-K. The human 
macrophage model system may be used to identify important pathway leading to excessive proteolytic plaque 
remodeling and plaque rupture.

Background
Worldwide, cardiovascular disease (CVD) is the leading
cause of morbidity and mortality[1]. Atherosclerosis, the
underlying cause of CVD events, is a complex and life-
long process which leads to the development of intimal
fatty streaks and more complex lesions which may go
unnoticed for decades prior to clinical events such as a
myocardial infarction. The main event leading to clini-
cally significant disease often involves the rupture of
unstable atherosclerotic lesions.

Collagen turnover is mediated by both matrix metallo-
proteinases (MMPs) and cathepsins[2]. MMPs have
hereto been considered to be the proteases of paramount
importance in the atherosclerotic plaques[3,4], however
recent research has identified other proteases such as
cathepsins and aggrecanasess [5-17] as equally impor-
tant. This emerging line of evidence demonstrating that
extensive proteolytic activity of different origins is of par-
amount important of the pathogenesis of atherosclerosis,
further emphasis the need for understanding the role of
the proteolytic array of enzymes in the remodeling of the
extracellular matrix of the atherosclerotic plaques. Cathe-
psin K is a lysosomal protease predominantly secreted by
activated macrophages[18] and osteoclasts[19,20]. Cathe-
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psin K has been identified in atherosclerotic plaques [21]
and in differentiated macrophages[5-7,11], such as epi-
thelioid cells and multinucleated giant cells in soft tis-
sues[22]. Moreover, disruption of the cathepsin K gene
reduces atherosclerosis progression suggesting the prote-
olytic activity of cathepsin K to be important for the
pathogenesis of atherosclerosis[10].

Tissue turnover may be assessed by biochemical mark-
ers of tissue degradation[23,24]. Biochemical markers of
tissue turnover are increasingly used in both basic and
clinical research, for diagnostic, prognostic and efficacy
purposes[24,25]. In addition, such markers may provide
additional information for understanding the pathology
of disease. Proteolytic degradation of ECM molecules by
proteases such as cathepsins and matrix-metallo protei-
nases results in the generation of small protein degrada-
tion fragments, neo-epitopes. The collagen turnover in
the plaques is primary caused by an increased degrada-
tion of collagen type I, which accounts for approximately
60-70% of total collagen in artery[26]. Cathepsin K is the
major protease of osteoclasts, responsible for bone
resorption[27]. The protease activity of cathepsin K on
collagen type I results in a specific degradation fragment,
CTX-I (C-terminal telopeptide of collagen type I)[23,28].
This fragment has been extensively used as a surrogate
measure of bone resorption for in vitro, preclinical and
clinical studies[23,29].

The aim of the current studies was to investigate
whether macrophages degraded the articular matrix
through processes involving cathepsin K and collagen
type I. We examined 1) The expression and localisation of
cathepsin K in atherosclerotic plaques, 2) the ability of
human macrophage foam cells to generate CTX-I frag-
ments in culture and finally 3) to investigate whether
these molecular processes were of clinical significance,
we assessed the relationship between the circulating lev-
els of CTX-I molecules and aortic calcification in patients
with radiological detectable aortic calcifications.

Methods
Sample material for immune-histochemistry
Arterial tissues from two subjects with and without a his-
tory of CVD were investigated by immune-histochemis-
try. Samples were collected 0.15-20 cm distal to the origin
of the left descending coronary artery (LAD). The first
subject (subject A) was a 77 yr female with an advanced
atherosclerotic plaque (cross-sectional area of plaque size
was 6.2 mm2). The second subject (subject B) was a 32 yr
female with a minimal atherosclerotic lesion of 0.2 mm2.
Sample collection and handling was performed post-
mortem in accordance with the guidelines of the medical
ethical committee of the Wake Forest University Health
Sciences as previously described[30].

Serum samples
For the clinical investigation, subjects were selected from
a previously reported epidemiological study of 1356
elderly women aged 60 to 85 years examined at the Cen-
ter for Clinical and Basic Research, Denmark[31]. Briefly,
the participants in the present study were recruited by
questionnaire surveys. In 2000 to 2001, these women
were invited for a follow-up examination. All women gave
informed consent to participation, and the study was car-
ried out in accordance with the Helsinki Declaration II
and the European Standards for Good Clinical Practice.
The local ethics committee approved the study protocol.
Participants in the present investigation were 102
women, including 51 women diagnosed with CVD and 51
age-matched controls. The CVD diagnosis was based on
the presence of calcified deposits in the lumbar aorta
visualized on lateral radiographs and graded with scores
ranging from 0 to 24. Calcified deposits in the lumbar
aorta adjacent to each lumbar vertebra (L1-L4) were
assessed separately for the anterior and posterior wall of
the aorta using the midpoint of the inter-vertebral space
as the boundaries. Severity of aortic calcifications was
described by 3 scores: the affected segments score (scale
0 to 4), the anterior and posterior affected score (scale 0
to 8), and the anteroposterior severity score (scale 0 to
24)[32]. Women graded with a score of 8 or more were
classified as having CVD in the present investigation.
Additional CVD risk factors were collected. Body weight
and height were measured and BMI calculated. Arterial
blood pressure was measured with a digital blood pres-
sure monitor (UA-777, A&D Instruments LTD). Total
cholesterol and triglyceride levels were measured by a
Vitros-250 automatic blood analyzer (Johnson & John-
son). All serum samples were collected in the morning
from fasted individuals. Demographic characteristics in
the study population are indicated in Table 1.

Immunohistochemistry
Hearts were perfusion fixed at 100 mm Hg with formalin,
coronary arteries were isolated, blocks were paraffin
embedded, sectioned into 5 μM sections and mounted on
glass. Pretreatment of sections in buffer 1 (10 mM Tris,
0.25 mM EDTA, pH 9.0) was used to enhance epitope
presentation. The sections were blocked for nonspecific
binding in Tris buffered saline (TBS) containing 5%
casein before incubation with a monoclonal antibody to
human CTX-I (in-house) or mouse anti-human Cathep-
sin K (Chemicon, MAB3324 directed against a synthetic
peptide corresponding to amino acids 182-195 of human
cathepsin K) or rabbit polyclonal antiserum LF-9 against
Bovine alpha1(I) amino-propeptide of Collagen I with
cross-reactivity to human, monkey pig and sheep (Larry
W Fisher, Matrix Biochemistry Section, Cranofacial and
skeletal diseases branch, NIDCR/NIH, Bethesda, Mary-
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land). Peroxidase-labeled mouse or rabbit Envision
(DAKO cytomation, DK) was used as secondary anti-
body. Immunoreactivity was visualized by liquid DAB
substrate chromogen solution (3,30-diaminobenzidine
chromogen). The nuclei were counterstained using
hematoxylin (DAKO), and the slides were dehydrated,
cleared and cover-slipped. Digital histographs were taken
using an Olympus BX60 microscope and an Olympus
CP71 camera.

Cell culture
Isoltion of CD14+ primary monocytes was performed
using coated Dynabeads M-450 (111.11 Dynal Biotech).
Human monocytes were isolated from peripheral blood
from healthy female volunteers 18 to 45 years old. The
blood was diluted 1:1 with PBS (BE17-512F Biowhit-
taker), carefully layered on a Ficoll-Paque gradient (17-
1440-03 Amersham Pharmacia) and centrifuged at 2000
rpm for 20 minutes. The lymphocytes were collected
from the interface between the plasma and the Ficoll-
Paque, washed with ice-cold PBS followed by centrifuga-
tion at 2000 g rpm for 12 minutes. The wash was repeated
twice, after which the cells were re-suspended in cold PBS
containing 2% serum (S0415 Biochrom). The cells were
kept on ice while the beads were prepared. 125 μl CD14+
magnetic beads (10 million beads) were washed 3 times
in ice cold PBS. The beads were placed in the magnetic
device for 2 minutes between each wash.

Three hundred million cells were added to the beads
and incubated at 4°C with end-over-end homogenization
for 20 minutes. Hereafter, the beads were washed 5 times
in 5 ml PBS containing 2% serum with gentle re-suspen-

sion between each washing step. Finally, the cells were re-
suspended in phenol-red free alpha-MEM containing
10% serum, 100 units/ml penicillin and 100 μg/ml strep-
tomycin, as previously described[20,33].

To generate human monocyte-macrophage cultures,
the CD-14 positive cells were cultured in 75 cm2 bottles
in phenol-red free alpha-MEM containing 10% serum,
100 units/ml penicillin, 100 μg/ml streptomycin, 25 ng/
ml M-CSF for 3 days. Cells were released using trypsin
and replated on 48,8% Matrigel®Basement Membrane
Matrix (cat.no 40234, lot no. 900618) from Engelbreth-
Holm-Swarm (EHS) mouse tumor rich in ECM proteins.
Major component of the Matrigel is laminin, followed by
collagen IV, heparin sulfate proteoglycan, entactin and
nidogen. In our experiments, Matrigel was enriched with
41,5% type I collagen (3 mg/mL), 4,9% 10 × alpha-MEM
and 4,9% reconstitutions buffer. After one day allowing
the cells to incorporated into the matrix the cells were
incubated in either absence (macrophages) or presence
(foam cells) of 2 mg/ml LDL (L8292 Sigma-Aldrich) and
M-CSF, and with or without selective cysteine protease
inhibitor E64 (Calbiochem). Following the culture, cells
were fixed in 4% formaldehyde, and stained for lipid
droplets by oil red staining. Medium was collected for
assessment of the presence of CTX-I indicative of cathep-
sin K mediated type I collagen degradation.

Biochemical Analysis
Serum samples were analyzed for degradation fragments
of the C-telopeptides of type I collagen by the Serum
CrossLaps ELISA (Nordic Bioscience, Denmark). Briefly,
the Serum CrossLaps ELISA is based on monoclonal

Table 1: Characteristics of the study population stratified into women with CVD and the control group.

Control (n = 51) Disease (n = 51) p-value

Age (years) 73.6 ± 0.6 73.5 ± 0.6 0.9079

Triglyceride (mmol/L) 1.35 ± 0.07 1.72 ± 0.13 0.0158 *

BMI (kg/m2) 26.8 ± 0.5 26.7 ± 0.5 0.8222

Systolic BP (mm Hg) 148.9 ± 3.8 147.3 ± 3.2 0.7547

Diastolic BP (mm Hg) 82.0 ± 1.7 78.2 ± 1.6 0.1087

Total cholesterol (mmol/L) 6.53 ± 0.14 6.13 ± 0.20 0.1052

Aortic calcification 0 12.6 ± 0.51

Results shown are mean ± SEM unless otherwise indicated.
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antibodies recognizing the isomerised amino acid
sequence EKAHD-β-GGR specific for the C-telopeptide
of type I collagen and D-β-G representing the isomerised
bond between aspartate and glycine. The sandwich assay
which detects cross-linked peptides (CTX-I), has been
reported to have intra-assay and inter-assay coefficient of
variation of 4.9% and 7.9%, respectively and is useful for
the quantitative assessment of bone resorption[34].

Statistics
Results shown are mean ± SEM. Significant differences
between means of study groups were determined using
the Student's two-tailed unpaired t-test. Differences were
considered statistically significant if p < 0.05.

Results
Cathepsin K and CTX-I are expressed in advanced but not 
early lesions
Left anterior descending (LAD) coronary arteries with
different degrees of atherosclerotic lesions were assessed
for the expression and localization of collagen type I,
cathepsin K and the CTX-I cleavage product of type I col-
lagen, generated by the action of cathepsin K (Figure 1).
Immune-histochemical analysis revealed co-localization
of collagen type I and cathepsin K in the advanced ath-
erosclerotic lesions, especially at the plaque shoulders
(Figure 1 D1 and 1 E1). In close proximity to the cathep-
sin staining there was a corresponding accumulation of
CTX-I, presumably resulting from the cathepsin K activ-
ity on collagen type I. In the relatively unaffected coro-
nary arteries there was little or no positive staining for the
cathepsin K and CTX-I (Figure 1 A1, B2 and 1 C1).

Human monocyte-macrophage foam cells generate CTX-I 
fragments when cultured on collagen type I-rich matrix
Human monocyte-macrophage cultures were generated
using CD-14 positive monocytes cultured on plastic in
the presence of M-CSF or M-CSF in combination with
LDL. When incubated in the presence of LDL, cells
assumed a foam cell like appearance and were oil red pos-
itive as illustrated on Figure 2.A and 2.B.

To investigate whether these cells were able to degrade
a collagen-rich ECM in part resembling that of the arte-
rial wall, human monocyte-macrophages were generated
and cultured on a matrigel (MG) enriched with 48.8% col-
lagen type I. Collagen type I degradation by cathepsin K
was measured by assessing the appearance of CTX-I in
the conditioned medium after the culture period[23]. As
presented in Figure 3A, macrophages (MF) alone did not
generate CTX-I fragments above lowest detection limit of
the assay. MG alone released to a lesser amount CTX-I
fragments. In contrast, MF cultured on MG released 100-
fold (p < 0.01) more cathepsin K generated collagen type I
fragments (CTX-I), relative to control (matrigel alone).

We also assessed the amount of CTX-I released when
culturing monocytes in the presence of 2 mg/ml of LDL.
Additionally, we also tested the levels of CTX-I released,
when cells were cultured in the presence of selective
cysteine protease inhibitor - E64. As illustrated in Figure
3B foam cells (FC) did not release any considerable
amount of CTX-I when cultured on plastic. Matrigel
(MG) released to a lesser amount CTX-I to the culture
medium. FC cultured on matrigel released 30-fold (p <
0.01) increased levels of CTX-I relative to MG control.
The cysteine protease inhibitor E64, resulted in a similar
amount of CTX-I released as in MG control. All cell cul-
ture experiments have been validated for cell viability by
Alamar blue (data not shown).

No difference in serum levels of CTX-I in patients and 
control subjects
Women assigned to the CVD group based on radio-
graphic evidence of aortic calcification had calcification
scores between 9 and 24, with an average of 12.6 ± 0.5.
This group had higher plasma triglyceride concentrations
(p = 0.016) than age-matched control group with no aor-
tic calcification did not differ in systolic blood pressure or
total plasma cholesterol, (Table 1).

We assessed serum CTX-I levels in this population to
determine if levels might be elevated in subjects with aor-
tic calcification relative to those without, perhaps as evi-
dence of extensive vascular degradation of type I
collagen.

The level of CTX-I was found to be significantly lower
in patients with CVD (0.35 ± 0.03 ng/ml) compared to the
control group (0.46 ± 0.03 ng/ml), p = 0.014 as presented
on Figure 4. Exclusion of individuals receiving anti-
resorptive osteoporosis treatments such as bisphospho-
nates and hormone replacement therapies which lower
CTX-I levels by approximately 50% eliminated these dif-
ferences (0.40 ± 0.04 ng/ml patient group (n = 31), vs.
0.50 ± 0.03 ng/ml (n = 43) control group, p = 0.061). (Fig-
ure 4)

Discussion
Extracellular matrix remodelling is an important process
in atherosclerotic plaque turnover and stability. To our
knowledge, we are the first to demonstrate that mac-
rophage foam cells generate CTX-I when cultured on col-
lagen type-I rich matrix, providing biological rationale for
the co-localisation of CTX-I and cathepsin K in the
advanced atherosclerotic lesions.

CTX-I is one of the fragments generated through enzy-
matic cleavage of collagen type I by cathepsin K[35]. We
demonstrated strong positive staining of both cathepsin
K and CTX-I in coronary arteries with advanced athero-
sclerotic plaques in comparison to normal coronary
arteries, where cathepsin K staining was very weak.
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Figure 1 Immunohistochemical staining of Collagen type I, Cathepsin K, and CTX-I in: early and advanced lesions. A, B and C: staining of Col-
lagen type I, Cathepsin K and CTX-I, respectively in an early lesion. D, E and F: staining of Collagen type I, Cathepsin K and CTX-I, respectively in an 
advanced lesion. A1, B1, C1, D1, E1 and F1 are 2× magnified, whereas A2, B2, C2, D2, E2 and F2 are 10 × magnified. Brown colouring suggest positive 
staining with the particular antibody, whereas blue staining suggest Hematoxyllin staining of the cell nuclei.
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These findings are in accordance with the results previ-
ously seen by Lutgens et al[10], demonstrating cathepsin
K mRNA expression at low levels in early atherosclerotic
lesions which were up-regulated in advanced lesions by
up to 28 fold.

As collagen I constitutes 60-70% of the matrix content
in arteries[36], we hypothesized that the level of CTX-I
would be high [37] in advanced atherosclerotic lesions.
Our results from immune-histological stainings of
human coronary arteries confirmed this hypothesis and
furthermore showed a co-localization of CTX-I and
Cathepsin K in the advanced lesion.

To further investigate the biological origin of CTX-I in
the advanced atherosclerotic lesions, human macrophage
foam cells were generated and cultured on a type I colla-
gen enriched matrix. We used the CD-14 positive selec-
tion procedure to have a pure hematopoietic stem cell
population, that our group extensively has investi-
gated[19,20]. The aim of these experiments was to inves-
tigate whether macrophages and foam cells were able to
generate cathepsin K mediated type I degradation prod-
ucts (CTX-I). The role of cathepsin K and foam cells in
atherosclerosis has been demonstrated by oth-
ers[6,7,9,10,21]. We have previously published extensively
on the use of osteoclasts and CTX-I[35,38,39], and the
use of this hematopoietic cell culture system in bone biol-

Figure 2 Culturing of human monocytes and macrophage foam 
cells. CD-14 monocytes were isolated and cultured on plastic for 14 
days in the presence of either M-CSF alone (Panel A) or M-CSF and 2 
mg/ml LDL (Panel B). After the culture, cells were fixed in 4% formalde-
hyde, and stained for lipid droplets by oil red staining. Monocyte-mac-
rophages cultured in the presence of LDL assumed the appearance of 
foam cells and were oil-red O positive.

Figure 3 Cell cultures. A) Human monocyte-macrophages and B) 
macrophage-foam cells (FC) were generated and cultured on a matri-
gel (MG) enriched with 48.8% collagen type I, with or without Cathep-
sin K inhibitor E64. Collagen type I degradation was measured by CTX-
I assay in the conditioned medium after the culture period.

Figure 4 Levels of CTX-I measured in blood samples for control-
group (CD = 0) and disease group (CD = 1).
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ogy[40]. This work clearly demonstrated that in cell cul-
ture, CTX-I was generated by cathepsin K[20,38,41]. This
correlated with an increased cathepsin K expression as
previously shown [20,33].

The results from the human macrophages and mac-
rophage foam cell cultures clearly demonstrate that
human macrophage foam cells produce cathepsin K frag-
ments of collagen type I, the CTX-I. This is to our knowl-
edge this first data describing a simple model system in
which human macrophage foam cell mediated degrada-
tion of the extra cellular matrix can be monitored. This
assay may be used to identify treatments that will modu-
late the macrophage foam cell degradation of the matrix,
by enzymes such as cathepsin K and thus aid in the iden-
tification of novel treatments that will attenuate athero-
sclerotic plaque turnover and subsequently prevent
rupture of the unstable plaques.

The measured cathepsin K activity, in form of the gen-
erated CTX-I fragment, may arise from both secreted
cathepsin K and the cathepsin K in lysosomes. Osteo-
clasts, a different phenotype of macrophages, have previ-
ously been shown to transcytose collagen type I and
degraded type I collagen (CTX-I) during bone degrada-
tion - and as macrophages are phagocytic cells, a similar
pathway involving intracellular lysosome mediated colla-
gen type I degradation may be responsible[42,43]. Fur-
ther research is needed to differentiate and understand
biological differences between these distinct forms of
proteolytic activities sequestered in the matrix or lyso-
somal degradation.

Circulating levels of CTX-I were not elevated in the
population of largely post-menopausal women suffering
from CVD. This observation is likely explained by the
dominating contribution of CTX-I derived from bone-
resorption [44] which would be expected to be relatively
high in post-menopausal women not on anti-resorptive
therapies. This is supported by the observation that
exclusion of the sub-group of women receiving hormone
and osteoporosis treatment abolished apparent differ-
ences in the circulating CTX-I levels between the groups.
Anti-osteoporosis treatment are known to lower CTX-I
levels by approximately 50%, explaining this observa-
tion[23]. Local proteolytic events in the atherosclerotic
plaques seem to be associated with plaque instability and
plaque rupture, and not directly with the amount of arte-
rial calcification. However, as the number and extend of
calcifications are directly proportional to the ODDs ratio
of experiencing a CVD event, there might be an indirect
relation[45]. Arterial calcification is an end-stage of
actively remodeling plaques, which either results in rup-
ture or become stable plaques.

The group of patients with diagnosed CVD had an
average AC-score of 12.6. We demonstrated significantly
higher levels of triglyceride in CVD-group compared to

the control group. As shown by previous studies there is a
correlation between the level of triglyceride and the risk
of CVD [46-49]. Thus, even though that the patient pop-
ulation may be appropriate for detecting an increased
level of CTX-I related to the arterial pathogenesis, this
was not possible, which most likely is due to the contribu-
tion of bone related CTX-I to the systemic pool.

One limitation of the current study is the variation in
induction of the amount of CTX-I generated in cultures
with macrophages and macrophage-foam cells. These
variations are most likely due to experimental variation of
batch numbers of proteins and matrigel, as well as varia-
tion in cell number. Further research is needed for
obtaining a more robust system, which will allow for
careful investigation of pathophysiological processes
mediated by macrophages.

Conclusions
In conclusion, our data suggest, that CTX-I might be a
specific marker of pathophysiological processes involved
in the extracellular remodeling of plaques. Cathepsin K
and CTX-I were absent from early human atherosclerotic
lesions while being present in advanced lesions, suggest-
ing this class of biomarkers as useful tools for diagnosing
and staging of the atherosclerotic lesions. The herein
described assay and techniques may aid others research-
ers in the identification of important pathways leading to
increased levels of proteolytic activity on macrophages,
and thus progress the development of the identification
of novel treatment of atherosclerosis.

Competing interests
Morten Karsdal and Claus Christiansen hold stock in Nordic Bioscience. Other
authors have no competing interests.

Authors' contributions
NB conceived the study together with MAK, and participated in its design and
coordination. Furthermore, NB carried out immune-histochemistry analysis,
data analysis on human samples and cell cultures. HSA, performed some of the
macrophage cell-culture experiments and participated in the data analysis.
TCR, drafted the manuscript and provided samples for immune-histochemis-
try. LL, performed ELISA assay measuring CTX-I and cultured macrophage
foam cells. IB performed statistical analysis and participated in the data analy-
sis. CC drafted the manuscript and provided human samples for biomarker
measurements. MAK participated in overall study design and planning, data
analysis, discussions and conclusions. All authors read and approved the man-
uscript.

Author Details
1Nordic Bioscience A/S, Herlev, DK-2730, Denmark and 2Wake Forest University 
School of Medicine, Department of Pathology, Section on Comparative 
Medicine, Medical Center Boulevard, Winston-Salem, NC 27157, USA

References
1. American Heart Association: Heart Disease and Stroke Statistics - 2007 

Update.  2007 [http://www.americanheart.org/downloadable/heart/
1166712318459HS_StatsInsideText.pdf]. Dallas, Texas: American Heart 
Association

Received: 28 August 2009 Accepted: 21 April 2010 
Published: 21 April 2010
This article is available from: http://www.biomedcentral.com/1471-2261/10/19© 2010 Barascuk et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Cardiovascular Disorders 2010, 10:19

http://www.biomedcentral.com/1471-2261/10/19
http://creativecommons.org/licenses/by/2.0
http://www.americanheart.org/downloadable/heart/1166712318459HS_StatsInsideText.pdf
http://www.americanheart.org/downloadable/heart/1166712318459HS_StatsInsideText.pdf


Barascuk et al. BMC Cardiovascular Disorders 2010, 10:19
http://www.biomedcentral.com/1471-2261/10/19

Page 8 of 9
2. Sondergaard BC, Henriksen K, Wulf H, Oestergaard S, Schurigt U, Brauer R, 
et al.: Relative contribution of matrix metalloprotease and cysteine 
protease activities to cytokine-stimulated articular cartilage 
degradation.  Osteoarthritis Cartilage 2006, 14:738-748.

3. Kuzuya M, Nakamura K, Sasaki T, Cheng XW, Itohara S, Iguchi A: Effect of 
MMP-2 deficiency on atherosclerotic lesion formation in apoE-
deficient mice.  Arterioscler Thromb Vasc Biol 2006, 26:1120-1125.

4. Gough PJ, Gomez IG, Wille PT, Raines EW: Macrophage expression of 
active MMP-9 induces acute plaque disruption in apoE-deficient mice.  
J Clin Invest 2006, 116:59-69.

5. Sukhova GK, Shi GP: Do cathepsins play a role in abdominal aortic 
aneurysm pathogenesis?  Ann N Y Acad Sci 2006, 1085:161-169.

6. Sukhova GK, Shi GP, Simon DI, Chapman HA, Libby P: Expression of the 
elastolytic cathepsins S and K in human atheroma and regulation of 
their production in smooth muscle cells.  J Clin Invest 1998, 102:576-583.

7. Sukhova GK, Zhang Y, Pan JH, Wada Y, Yamamoto T, Naito M, et al.: 
Deficiency of cathepsin S reduces atherosclerosis in LDL receptor-
deficient mice.  J Clin Invest 2003, 111:897-906.

8. Novinec M, Grass RN, Stark WJ, Turk V, Baici A, Lenarcic B: Interaction 
between human cathepsins K, L, and S and elastins: mechanism of 
elastinolysis and inhibition by macromolecular inhibitors.  J Biol Chem 
2007, 282:7893-7902.

9. Lutgens SP, Cleutjens KB, Daemen MJ, Heeneman S: Cathepsin cysteine 
proteases in cardiovascular disease.  FASEB J 2007, 21:3029-3041.

10. Lutgens E, Lutgens SP, Faber BC, Heeneman S, Gijbels MM, de Winther MP, 
et al.: Disruption of the cathepsin K gene reduces atherosclerosis 
progression and induces plaque fibrosis but accelerates macrophage 
foam cell formation.  Circulation 2006, 113:98-107.

11. Liu J, Sukhova GK, Sun JS, Xu WH, Libby P, Shi GP: Lysosomal cysteine 
proteases in atherosclerosis.  Arterioscler Thromb Vasc Biol 2004, 
24:1359-1366.

12. Jaffer FA, Kim DE, Quinti L, Tung CH, Aikawa E, Pande AN, et al.: Optical 
visualization of cathepsin K activity in atherosclerosis with a novel, 
protease-activatable fluorescence sensor.  Circulation 2007, 
115:2292-2298.

13. Garcia-Touchard A, Henry TD, Sangiorgi G, Spagnoli LG, Mauriello A, 
Conover C, et al.: Extracellular proteases in atherosclerosis and 
restenosis.  Arterioscler Thromb Vasc Biol 2005, 25:1119-1127.

14. Chen J, Tung CH, Mahmood U, Ntziachristos V, Gyurko R, Fishman MC, et 
al.: In vivo imaging of proteolytic activity in atherosclerosis.  Circulation 
2002, 105:2766-2771.

15. Chapman HA, Riese RJ, Shi GP: Emerging roles for cysteine proteases in 
human biology.  Annu Rev Physiol 1997, 59:63-88.

16. Luttun A, Lutgens E, Manderveld A, Maris K, Collen D, Carmeliet P, et al.: 
Loss of matrix metalloproteinase-9 or matrix metalloproteinase-12 
protects apolipoprotein E-deficient mice against atherosclerotic media 
destruction but differentially affects plaque growth.  Circulation 2004, 
109:1408-1414.

17. Jonsson-Rylander AC, Nilsson T, Fritsche-Danielson R, Hammarstrom A, 
Behrendt M, Andersson JO, et al.: Role of ADAMTS-1 in atherosclerosis: 
remodeling of carotid artery, immunohistochemistry, and proteolysis 
of versican.  Arterioscler Thromb Vasc Biol 2005, 25:180-185.

18. Hakala JK, Oksjoki R, Laine P, Du H, Grabowski GA, Kovanen PT, et al.: 
Lysosomal enzymes are released from cultured human macrophages, 
hydrolyze LDL in vitro, and are present extracellularly in human 
atherosclerotic lesions.  Arterioscler Thromb Vasc Biol 2003, 23:1430-1436.

19. Sorensen MG, Henriksen K, Schaller S, Henriksen DB, Nielsen FC, Dziegiel 
MH, et al.: Characterization of osteoclasts derived from CD14+ 
monocytes isolated from peripheral blood.  J Bone Miner Metab 2007, 
25:36-45.

20. Karsdal MA, Hjorth P, Henriksen K, Kirkegaard T, Nielsen KL, Lou H, et al.: 
Transforming growth factor-beta controls human osteoclastogenesis 
through the p38 MAPK and regulation of RANK expression.  J Biol Chem 
2003, 278:44975-44987.

21. Abdul-Hussien H, Soekhoe RG, Weber E, der Thusen JH, Kleemann R, 
Mulder A, et al.: Collagen degradation in the abdominal aneurysm: a 
conspiracy of matrix metalloproteinase and cysteine collagenases.  Am 
J Pathol 2007, 170:809-817.

22. Buhling F, Reisenauer A, Gerber A, Kruger S, Weber E, Bromme D, et al.: 
Cathepsin K--a marker of macrophage differentiation?  J Pathol 2001, 
195:375-382.

23. Schaller S, Henriksen K, Hoegh-Andersen P, Sondergaard BC, Sumer EU, 
Tanko LB, et al.: In vitro, ex vivo, and in vivo methodological approaches 
for studying therapeutic targets of osteoporosis and degenerative 
joint diseases: how biomarkers can assist?  Assay Drug Dev Technol 2005, 
3:553-580.

24. Karsdal MA, Henriksen K, Leeming DJ, Mitchell P, Duffin K, Barascuk N, et 
al.: Biochemical markers and the FDA Critical Path: how biomarkers 
may contribute to the understanding of pathophysiology and provide 
unique and necessary tools for drug development.  Biomarkers 2009, 
14:181-202.

25. Bauer DC, Hunter DJ, Abramson SB, Attur M, Corr M, Felson D, et al.: 
Classification of osteoarthritis biomarkers: a proposed approach.  
Osteoarthritis Cartilage 2006, 14:723-727.

26. Eriksen HA, Satta J, Risteli J, Veijola M, Vare P, Soini Y: Type I and type III 
collagen synthesis and composition in the valve matrix in aortic valve 
stenosis.  Atherosclerosis 2006, 189:91-98.

27. Saftig P, Hunziker E, Wehmeyer O, Jones S, Boyde A, Rommerskirch W, et 
al.: Impaired osteoclastic bone resorption leads to osteopetrosis in 
cathepsin-K-deficient mice.  Proc Natl Acad Sci USA 1998, 
95:13453-13458.

28. Schaller S, Henriksen K, Sveigaard C, Heegaard AM, Helix N, Stahlhut M, et 
al.: The chloride channel inhibitor NS3736 [corrected] prevents bone 
resorption in ovariectomized rats without changing bone formation.  J 
Bone Miner Res 2004, 19:1144-1153.

29. Ravn P, Hosking D, Thompson D, Cizza G, Wasnich RD, McClung M, et al.: 
Monitoring of alendronate treatment and prediction of effect on bone 
mass by biochemical markers in the early postmenopausal 
intervention cohort study.  J Clin Endocrinol Metab 1999, 84:2363-2368.

30. Clarkson TB, Prichard RW, Morgan TM, Petrick GS, Klein KP: Remodeling of 
coronary arteries in human and nonhuman primates.  JAMA 1994, 
271:289-294.

31. Tanko LB, Bagger YZ, Alexandersen P, Larsen PJ, Christiansen C: Peripheral 
adiposity exhibits an independent dominant antiatherogenic effect in 
elderly women.  Circulation 2003, 107:1626-1631.

32. Kauppila LI, Polak JF, Cupples LA, Hannan MT, Kiel DP, Wilson PW: New 
indices to classify location, severity and progression of calcific lesions 
in the abdominal aorta: a 25-year follow-up study.  Atherosclerosis 1997, 
132:245-250.

33. Sorensen MG, Henriksen K, Schaller S, Henriksen DB, Nielsen FC, Dziegiel 
MH, et al.: Characterization of osteoclasts derived from CD14+ 
monocytes isolated from peripheral blood.  J Bone Miner Metab 2007, 
25:36-45.

34. Rosenquist C, Fledelius C, Christgau S, Pedersen BJ, Bonde M, Qvist P, et al.: 
Serum CrossLaps One Step ELISA. First application of monoclonal 
antibodies for measurement in serum of bone-related degradation 
products from C-terminal telopeptides of type I collagen.  Clin Chem 
1998, 44:2281-2289.

35. Garnero P, Ferreras M, Karsdal MA, Nicamhlaoibh R, Risteli J, Borel O, et al.: 
The type I collagen fragments ICTP and CTX reveal distinct enzymatic 
pathways of bone collagen degradation.  J Bone Miner Res 2003, 
18:859-867.

36. Mayne R: Collagenous proteins of blood vessels.  Arteriosclerosis 1986, 
6:585-593.

37. Shekhonin BV, Domogatsky SP, Muzykantov VR, Idelson GL, Rukosuev VS: 
Distribution of type I, III, IV and V collagen in normal and 
atherosclerotic human arterial wall: immunomorphological 
characteristics.  Coll Relat Res 1985, 5:355-368.

38. Karsdal MA, Byrjalsen I, Henriksen K, Riis BJ, Christiansen C: Investigations 
of inter- and intraindividual relationships between exposure to oral 
salmon calcitonin and a surrogate marker of pharmacodynamic 
efficacy.  Eur J Clin Pharmacol 2010, 66:29-37.

39. Neutzsky-Wulff AV, Karsdal MA, Henriksen K: Characterization of the 
bone phenotype in ClC-7-deficient mice.  Calcif Tissue Int 2008, 
83:425-437.

40. Sorensen MG, Henriksen K, Neutzsky-Wulff AV, Dziegiel MH, Karsdal MA: 
Diphyllin, a novel and naturally potent V-ATPase inhibitor, abrogates 
acidification of the osteoclastic resorption lacunae and bone 
resorption.  J Bone Miner Res 2007, 22:1640-1648.

41. Henriksen K, Leeming DJ, Byrjalsen I, Nielsen RH, Sorensen MG, Dziegiel 
MH, Martin TJ, Christiansen C, Qvist P, Karsdal MA: Osteoclasts prefer 
aged bone.  Osteoporos Int 2007, 18(6):751-9.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16563811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16556856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16374516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17182932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9691094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12639996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17227755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17522380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16365196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15178558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17420353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15802622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12057992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9074757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14993123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15539621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12750117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17187192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12933809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17322367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11673837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16305312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19399662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16405893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9811821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15176998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10404804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8295288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9242971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17187192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9799755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12733725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3535756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3902343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19813008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18958510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17576165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17216130


Barascuk et al. BMC Cardiovascular Disorders 2010, 10:19
http://www.biomedcentral.com/1471-2261/10/19

Page 9 of 9
42. Vaaraniemi J, Halleen JM, Kaarlonen K, Ylipahkala H, Alatalo SL, Andersson 
G, et al.: Intracellular machinery for matrix degradation in bone-
resorbing osteoclasts.  J Bone Miner Res 2004, 19:1432-1440.

43. Coxon FP, Taylor A: Vesicular trafficking in osteoclasts.  Semin Cell Dev 
Biol 2008, 19:424-433.

44. Leeming DJ, Alexandersen P, Karsdal MA, Qvist P, Schaller S, Tanko LB: An 
update on biomarkers of bone turnover and their utility in biomedical 
research and clinical practice.  Eur J Clin Pharmacol 2006, 62:781-792.

45. Lakoski SG, Greenland P, Wong ND, Schreiner PJ, Herrington DM, Kronmal 
RA, et al.: Coronary artery calcium scores and risk for cardiovascular 
events in women classified as "low risk" based on Framingham risk 
score: the multi-ethnic study of atherosclerosis (MESA).  Arch Intern Med 
2007, 167:2437-2442.

46. Schwartz SL: Diabetes and dyslipidaemia.  Diabetes Obes Metab 2006, 
8:355-364.

47. Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Wareham N, Bingham S, et 
al.: Triglycerides and the risk of coronary heart disease: 10,158 incident 
cases among 262,525 participants in 29 Western prospective studies.  
Circulation 2007, 115:450-458.

48. Tanko LB, Bagger YZ, Qin G, Alexandersen P, Larsen PJ, Christiansen C: 
Enlarged waist combined with elevated triglycerides is a strong 
predictor of accelerated atherogenesis and related cardiovascular 
mortality in postmenopausal women.  Circulation 2005, 
%19;111:1883-1890.

49. Tanko LB, Bruun JM, Alexandersen P, Bagger YZ, Richelsen B, Christiansen 
C, et al.: Novel associations between bioavailable estradiol and 
adipokines in elderly women with different phenotypes of obesity: 
implications for atherogenesis.  Circulation 2004, 110:2246-2252.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2261/10/19/prepub

doi: 10.1186/1471-2261-10-19
Cite this article as: Barascuk et al., Human macrophage foam cells degrade 
atherosclerotic plaques through cathepsin K mediated processes BMC Car-
diovascular Disorders 2010, 10:19

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15312243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18768162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16912870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18071165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16776742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17190864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15451790
http://www.biomedcentral.com/1471-2261/10/19/prepub


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


