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Overexpression of IL-18 Decreases Intimal Collagen Content
and Promotes a Vulnerable Plaque Phenotype in

Apolipoprotein-E–Deficient Mice
R. de Nooijer, J.H. von der Thüsen, C.J.N. Verkleij, J. Kuiper, J.W. Jukema, E.E. van der Wall,

Th.J.C. van Berkel, E.A.L. Biessen

Objective—Although IL-18 has been implicated in atherosclerotic lesion development, little is known about its role in
advanced atherosclerotic plaques. This study aims to assess the effect of IL-18 overexpression on the stability of
preexisting plaques.

Methods and Results—Atherosclerotic lesions were elicited in carotid arteries of apolipoprotein E (apoE)-deficient mice
(n�32) by placement of a perivascular collar. Overexpression of IL-18 was effected by intravenous injection of an
adenoviral vector 5 weeks after surgery. Two weeks after transduction, lesions were analyzed histologically with regard
to plaque morphology and composition or by real-time polymerase chain reaction. No difference in plaque size was
detected between groups. In the Ad.IL-18–treated group, 62% of lesions displayed a vulnerable morphology or even
intraplaque hemorrhage as compared with only 24% in the controls (P�0.037). In agreement, IL-18 overexpression
reduced intimal collagen by 44% (P�0.003) and cap-to-core ratio by 41% (P�0.002). Although IL-18 did not affect
the expression of collagen synthesis-related genes, it was found to enhance the collagenolytic activity of vascular smooth
muscle cells in vitro, suggesting that the low collagen content is attributable to matrix degradation rather than to
decreased synthesis.

Conclusion—Systemic IL-18 overexpression markedly decreases intimal collagen content and cap thickness, leading to a
vulnerable plaque morphology. (Arterioscler Thromb Vasc Biol. 2004;24:2313-2319.)
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Numerous reports have indicated that inflammatory pro-
cesses play a pivotal role throughout plaque develop-

ment, as well as in plaque rupture and thrombosis.1,2 One of
the proinflammatory mediators that has received considerable
attention in this regard is IL-18. It is an IL-1 family member3

and induces interferon (IFN)-�, a known proatherogenic
mediator,4,5 in macrophages and in smooth muscle cells, but
not in endothelial cells.6 Binding to the IL-18 receptor results
in enhanced secretion of many cytokines and proteins caus-
ally involved in atherosclerosis, among which are IL-6, IL-8,
intercellular adhesion molecule-1, and various matrix metal-
loproteinases (MMPs).6 IL-18 and its receptor are expressed
in human atheroma-associated endothelial cells, vascular
smooth muscle cells (VSMCs), and macrophages, and their
expression is enhanced on stimulation with IL-1� and tumor
necrosis factor-�.6 In mouse models, IL-18 enhanced aortic
atherogenesis in apolipoprotein E (apoE)-deficient mice
through release of IFN-�.7 Conversely, IL-18 deficiency and
IL-18 binding protein attenuated lesion development and
progression, and it was suggested to promote plaque stability
during initial lesion formation.8,9

Although the role of IL-18 in atherogenesis is well-
established, its effect at later stages of plaque development
and on plaque stability is less well-investigated. Epidemio-
logical studies in humans pointed to a destabilizing role for
IL-18 in more advanced stages of plaque development. IL-18
serum levels have been found to correlate to cardiovascular
morbidity and mortality in patients with coronary heart
disease.10–13 In addition, Mallat et al reported elevated IL-18
mRNA levels in unstable human plaques from carotid
endarterectomy.14

Plaque rupture is the predominant cause of acute ischemic
events. The fibrous cap maintains the structural integrity of
the atheromatous lesion. An imbalance in synthesis and
degradation of extracellular matrix leads to thinning of the
cap and renders the plaque prone to rupture. It is conceivable
that IL-18 promotes this through induction of IFN-�, apopto-
sis, or protease activity. Various MMPs are overexpressed in
vulnerable plaques and induced by pro-inflammatory media-
tors.15–17 In addition, inflammatory processes can reduce the
number of intimal cells or their ability for collagen synthesis,
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thereby compromising matrix production and threatening
plaque stability.

Because little is known about the effects of IL-18 on the
composition and stability of advanced plaques, we aimed to
assess the effect of systemic IL-18 overexpression on the
morphology and stability of preexisting lesions in apoE-
deficient mice. To this end, we injected an IL-18 expressing
adenovirus to increase circulating IL-18 in mice with ad-
vanced, collar-induced lesions in the carotid artery.18 IL-18
overexpression significantly decreased intimal collagen con-
tent, which was accompanied by a more rupture-prone plaque
morphology, indicating that IL-18 overexpression decreases
atherosclerotic plaque stability.

Materials and Methods
Animals
Female apoE-deficient mice (n�32), 10 to 12 weeks of age, were
obtained from our own breeding stock (Gorlaeus Laboratories,
Leiden, the Netherlands). Mice were placed on a Western-type diet
containing 0.25% cholesterol (Special Diets Services). High-fat diet
and water were provided ad libitum. All animal work was approved
by the regulatory authority of Leiden University and performed in
compliance with the Dutch government guidelines.

Carotid Collar Placement and
Transgene Expression
Atherosclerotic lesions were induced by perivascular collar place-
ment on the common carotid artery as previously described.18 Five
weeks after surgery, animals were injected intravenously with 200
�L of an adenovirus suspension (5.0�109 pfu/mL) carrying a murine
IL-18 (Ad.IL-18) or an empty transgene (Ad.Empty) under control of
a cytomegalovirus promoter.19 Two weeks later, lesions from both
carotids were analyzed histologically (n�16 to 17) with regard to
plaque morphology and composition or by real-time polymerase
chain reaction (n�14).

Weekly blood samples were taken to monitor plasma cholesterol
levels using enzymatic procedures (Roche Diagnostics). IL-18 levels
were determined by enzyme-linked immunosorbent assay (OptEIA
Set Mouse IL-18; BD Biosciences, San Diego, Calif) 1 week after
injection of the adenoviral vector according to the manufacturer’s
instructions.

Tissue Harvesting and Preparation for
Histological Analysis
One day before euthanization, phenylephrine (8 �g/kg intravenous;
Sigma Diagnostics, St. Louis, Mo) was administered to all animals to
asses the effect on plaque integrity via hemodynamic challenge.
Cryosections prepared from carotids were stained with hematoxylin
and eosin. Collagen was visualized using picro Sirius Red staining.
Corresponding sections were stained immunohistochemically with
antibodies directed against mouse metallophilic macrophages (clone
MOMA2; Sigma) and �-SM-actin (clone 1A4; Sigma). To assess
intimal cell death, sections were subjected to terminal deoxynucleo-
tidyl transferase-mediated dUTP nick-end labeling (TUNEL) stain-
ing using protocols provided by the manufacturer (In Situ Cell Death
Detection Kit, Roche).

The site of maximal plaque size was selected for morphometry. In
addition, cap and core areas were measured, as well as mean cap
thickness. Stage of lesion progression was assessed using classifica-
tion criteria defined by Virmani et al.20 Of 6 categories (1, fibrous
lesion; 2, atheromatous lesion; 3, thin cap atheroma; 4, healed
rupture; 5, plaque rupture or intraplaque hemorrhage; and 6, plaque
erosion) the first 2 classes are considered stable, whereas lesions in
classes 3 to 6 are perceived as plaques with characteristics of
vulnerability. Thin cap atheroma are defined as plaques with fibrous
caps �3 cell layers of thickness. Macrophage-positive, VSMC-

positive, and collagen-positive areas were determined by computer-
assisted color-gated measurement, and were related to intimal
surface area. TUNEL positive cells were related to the total number
of intimal cells.

Tissue Harvesting and Preparation for
Expression Analysis
For expression analysis, freshly isolated plaques were pooled in 3
groups per treatment group for RNA isolation using the TriZol
method (Invitrogen). Purified RNA was DNase treated and reverse-
transcribed (RevertAid M-MulV Reverse Transcriptase) according to
protocols provided by the manufacturer. Quantitative gene expres-
sion analysis was performed using SYBR Green technology. Primers
were designed for murine �-SM-actin, Matrix Gla Protein, desmin,
MMP-3, MMP-9, and MMP-13, TIMP-1, heat shock protein 47
(hsp47), and procollagen type I �2, and validated for identical
efficiencies (for sequences, please see http://atvb.ahajournals.org).
Target gene mRNA levels were expressed relative to the housekeep-
ing gene 36b4.

Detection of Protease Activity by Gelatin and
Collagen Zymography
Murine hepatoma cells (mhAT3F2)21 were plated 24 hours before
infection and Ad.IL-18 or Ad.Empty was added to the cells at 500
multiplicity of infection (MOI) in 500 �L of fresh media and left for
16 hours. Cells were washed and incubated in fresh media for 24
hours before collection of conditioned media. Samples were centri-
fuged, added to murine VSMCs (isolated from C57Bl/6 murine
aortas)22 or RAW 264.7 cells and left for 24 hours.

To investigate proteolytic activity after incubation with condi-
tioned media, samples were subjected to gelatin and collagen
zymography. Briefly, equal sample volumes were loaded onto a
polyacrylamide gel containing 0.1% sodium dodecyl sulfate and 1.5
mg/mL gelatin or 1 mg/mL collagen. After electrophoresis, gels were
incubated in 2.5% Triton-X-100 for 30 minutes, in developing buffer
for 16 hours, and subsequently stained with Coomassie Brilliant
Blue. After destaining, bands of lysis representing protease activity
were visualized as stainless spots against a blue background (for
details, please see http://atvb.ahajournals.org).

Statistics
Plaque size was analyzed using the Mann–Whitney U test. Other
morphometric parameters, plaque composition, as well as TUNEL
staining and differences in change in threshold of cycle number
(�Ct) were compared using the 2-tailed Student t test. Correlations
were determined with Spearman rank correlation test. Differences in
the occurrence of adverse events and in classification were analyzed
with the Yates corrected 2-sided Fisher exact test.

Results
Throughout the experiments, the mice remained in good
health and adenoviral gene transfer was tolerated very well.
Neither body weight nor cholesterol levels were affected by
the procedures. IL-18 plasma levels were measured 1 week
after infection. Intravenous administration of 1�109 pfu of
Ad.mIL-18 led to 9-fold increase of circulating IL-18, which
was raised from 150�200 pg/mL to 1350�650 pg/mL
(P�0.0001).

IL-18 Overexpression Does not Affect Size of
Advanced Plaques
Because the aim of this study was to assess the effect of IL-18
on preexisting plaques, it was important to induce lesions at
a predefined place in a time-controlled fashion before adeno-
viral gene modulation. This way, neither plaque size nor
location could be held accountable for changes in composi-

2314 Arterioscler Thromb Vasc Biol. December 2004

 by guest on February 23, 2013http://atvb.ahajournals.org/Downloaded from 

http://atvb.ahajournals.org/


tion or stability. For this reason, we applied the collar model
for rapid atherogenesis, in which placement of a perivascular
collar on the common carotid artery induces plaques within 4
to 6 weeks. Five weeks after surgery, the animals were
injected intravenously with the adenoviral vectors, and 2
weeks later the carotids were harvested for further analysis.

No difference in plaque size was detected between
groups (Ad.IL-18: 49 000�5000 �m2 versus Ad.Empty:
53 000�5000 �m2), and we did not find any difference in
intima/lumen ratios (Figure 1A and 1D). Media size and
intima/media ratios did not differ between groups (Figure
1B and 1C), suggesting that IL-18 did not affect outward
remodeling.

Systemic IL-18 Overexpression Leads to
Vulnerable Plaque Morphology
The main objective of this study was to assess the effect of
IL-18 on plaque stability. For this, lesions were categorized
according to their morphological features. We applied the
classification as described by Virmani.20 Fibrous lesions and
atheromatous plaques, class 1 to 2, were perceived as stable.
Plaques showing thin cap morphology or adverse events, like
intraplaque hemorrhage or intramural thrombosis (classes 3
to 6), were considered unstable. In the Ad.IL-18–treated

group, 62% of the lesions displayed features of vulnerable
plaque morphology as compared with only 24% in the
controls (P�0.037) (Table). Adverse events (class 5), in this
case intralesional bleeding (an established sign of plaque
vulnerability), were observed in 19% of IL-18 overexpressing
plaques but not in control plaques (Figure 2). Plaque rupture
or erosion could not be detected. To confirm the higher
incidence of thin cap atheroma, fibrous cap thickness was
measured at 12 evenly spaced sites of the cap. Mean cap
thickness decreased 41% after IL-18 exposure (Ad.Empty:
17.0�1.5 �m versus Ad.IL-18: 9.9�3.0 �m; P�0.026)
(Figure 1E). Likewise, cap area (Ad.Empty: 7720�480 �m2

versus Ad.IL-18: 4190�750 �m2; P�0.0002) and cap/core
ratio (Figure 1F) (Ad.Empty: 0.17�0.01 versus Ad.IL-18:
0.10�0.02; P�0.002) decreased significantly.

Effects on Plaque Composition
The IL-18 group showed a 44% decrease in intimal collagen
content (collagen/intima ratio, 0.22 versus 0.39; P�0.003)
(Figure 3 A to C). Because lesions had already progressed to
an advanced stage in both groups, it is unlikely that the

Figure 1. Baseline characteristics of plaques were comparable
between groups. Two weeks after transduction, Ad.Empty-
treated and Ad.IL-18–treated mice did not show any differences
in morphometric parameters such as plaque size (A), media size
(B), intima/media ratio (C), and intima/lumen ratio (D). Mean cap
thickness differed significantly between groups (E), as did the
cap/core ratio (F). *P�0.026, **P�0.002. Values are
mean�SEM.

Distribution of Collar-Induced Lesions Showing Stable or
Vulnerable Plaque Morphology

Control IL-18 Overexpression

Stable (%) 13 (76) 6 (38)

Fibrous plaque 7 1

Atheromatous plaque 6 5

Unstable (%) 4 (24) 10 (62)

Thin cap atheroma 4 7

Intraplaque hemorrhage 0 3

IL-18–treated mice showed higher prevalence of unstable plaques (62% vs.
24% in controls, P�0.037).

Figure 2. Massive intraplaque hemorrhage on hematoxylin and
eosin staining (A, C) and Perl staining for iron (B, D). Arrows
show deposition of iron, the product of degraded hemoglobin,
suggestive for the presence of intramural thrombi.
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observed depletion of collagen already existed at the time of
IL-18 introduction. Low collagen content was mainly ob-
served in unstable plaques and thus largely class-dependent
(R��0.79, P�0.0001) (Figure 3D). Still, although not reach-
ing significance, within the same morphological classes a
slight reduction in intimal collagen in the Ad.IL-18–treated
group could be noticed (data not shown). Furthermore, IL-18
plasma levels were negatively correlated with intimal colla-
gen content (R��0.45, P�0.01), suggesting that there is an
intrinsic effect of IL-18 on collagen homeostasis.

Cell density may reflect the intimal capacity to produce
matrix components. For this reason, we quantified the num-
ber of cells relative to intimal area, showing that IL-18
treatment moderately decreased intimal cell density
(0.0044�0.0013 versus 0.0057�0.0014 nuclei/�m2 in con-
trols; P�0.044). However, VSMC content as determined
with �-actin staining did not differ between groups (Ad.IL-
18–treated: 26% versus Ad.Empty–treated: 28%; P�0.76)
(Figure 3E). Interestingly, a decrease in the relative macro-
phage content of the lesion was observed in Ad.IL-18–treated
mice (39% versus 51%; P�0.009), which was accompanied
by an increase of the relative amount of necrotic core area at
the site of maximal plaque size (Figure 3F). The latter also
might explain the reduction in cell density. Finally, the rate of
apoptosis was assessed with TUNEL staining. Although an
increase in the amount of TUNEL-positive cells could be
observed, this did not reach statistical significance (P�0.28)
(Figure 3G).

Effects on Gene Expression Within the Lesion
To elucidate the mechanism of the observed collagen reduc-
tion, we performed real-time polymerase chain reaction

analysis on lesional mRNA. This did not reveal an altered
gene expression of markers for synthetic VSMCs phenotype,
like Matrix Gla Protein, or of those for the contractile
phenotype (eg, desmin). Also, a difference in expression of
the �2 chain of procollagen type I, the major collagen
constituent of the plaque, and the chaperone hsp47, involved
in collagen processing,23,24 could not be detected (Figure 4).
These data suggest that the rate of collagen synthesis re-
mained unaltered after IL-18 exposure and that processes
other than phenotypic modulation or collagen production
might be underlying the observed decrease in collagen
content.

IL-18 Causes Increased Proteolytic Activity of
VSMCs In Vitro
Because procollagen type I expression and VSMC number
did not decrease, and because phenotype did not seem to
change on IL-18 treatment, it is plausible that the observed
decrease in collagen content may be attributable to increased
matrix degradation rather than to an impaired synthesis.

The effect of IL-18 on the proteolytic capacity of vascular
wall cells was tested in vitro. Murine hepatoma cells were
infected with Ad.IL-18 or with mock virus, conditioned
media were collected 24 hours after removal of the virus, and
murine VSMCs and RAW 264.7 cells were incubated with
this media for 24 hours. RAW 264.7 cells were used to
exclude paracrine effects that may result from lymphoid
contamination complicating isolation of primary macro-
phages.25 Zymographic analysis of the media showed that
gelatinolytic and collagenolytic activity in the RAW 264.7
supernatant remained unaffected (data not shown). By con-
trast, VSMCs displayed an increased collagenolytic activity
at 53 kDa corresponding to MMP-13 (40.0�5.1 INT�mm2 in
controls versus 108.0�9.1 INT�mm2 in Ad.IL-18–treated
group; P�0.0003) (Figure 5A). No effect could be seen on
the activity of the gelatinases MMP-2 (Figure 5B) and
MMP-9 (not shown).

Figure 3. Plaque composition. A, Intimal collagen (%). 40%
decrease in IL-18 treatment group. Picro Sirius red-stained sec-
tions from controls (B) and Ad.IL-18–treated mice (C). D, Corre-
lation between intimal collagen and morphological class
(R��0.79, P�0.0001). E, Intimal smooth muscle cells. Percent-
age of alpha smooth muscle actin (ASMA) positive staining. F,
Percentage of intimal macrophages. G, Percentage of TUNEL-
positive cells. Values are mean�SEM. *P�0.009, **P�0.003.

Figure 4. Intralesional gene expression levels for VSMC pheno-
type and collagen synthesis. None of these changed signifi-
cantly after IL-18 introduction. Values are mean�SD.
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In line with the in vivo observations, expression levels of
genes indicating VSMC phenotype and genes involved in
collagen synthesis were unaffected (Figure 5C). Also, MMP
and tissue inhibitor of metalloproteinases (TIMP)-1 mRNA
levels remained unchanged on IL-18 treatment (Figure 5D),
suggesting that IL-18 did not alter the expression or inhibition
of MMP-13, but rather its activation.

Discussion
The importance of IL-18 in atherosclerosis is well-
established. Its proatherogenic effect, at least in male apoE-
deficient mice, appears to be mediated by IFN-�.7 In our
study, we used female mice. Intriguingly, IFN-� deficiency did
not attenuate atherogenesis in females26 to a similar extent as it
did in males; therefore, it seems less likely that the observed
destabilizing effect of IL-18 is IFN-�–dependent. Although
several epidemiological reports suggest an involvement of IL-18
in plaque rupture and acute coronary events,9–11,14,27 studies
addressing its role in plaque stability are surprisingly lacking and
no evidence of causality has been shown to this date. Our
observations, for the first time to our knowledge, causally link
IL-18 to plaque destabilization. Furthermore, our results show
that IL-18 influences matrix biology by modulating MMP
activity in VSMCs.

In our model for rapid atherogenesis, introduction of an
adenoviral vector carrying an IL-18 transgene caused an
elevation of circulating IL-18. Because the size of the
preexisting lesions was not affected by IL-18 transduction,
the observed changes in plaque composition and morphology
could not be explained by a difference in plaque progression.
Overexpression of IL-18 caused a marked decrease in intimal
collagen and led to a plaque phenotype with clear character-

istics of vulnerability. In 3 IL-18–treated vessels, intraplaque
hemorrhage was observed, accompanied with iron deposits,
reflective of intramural thrombi. Collagen type I expression,
the amount of VSMCs, and the incidence of apoptosis had not
significantly changed after introduction of IL-18. In vitro, an
increase of MMP-13 activity was detected in VSMCs, but not
in macrophages. This suggests that intimal collagen had been
diminished by degradation rather than by reduction of its
synthesis. The surprising decrease in relative macrophage
content might be a reflection of a further progressed plaque
phenotype, accompanied by less collagen, larger necrotic
cores, and a higher prevalence of thin cap atheroma after
IL-18 overexpression.

For structural integrity, the atheroma relies on collagen
type I and III,28 the homeostasis of which is maintained at
various levels. Collagen synthesis within the plaque is mainly
attributable to VSMCs29 and modulated by various growth
factors and cytokines, either directly by influencing procol-
lagen expression or indirectly by shifting VSMC phenotype
from a contractile to a synthetic state. IL-18 could indirectly
affect collagen production by inducing IFN-�, which in turn
has been shown to inhibit collagen synthesis.30

In our study, procollagen type I mRNA levels did not
decrease at the site of the lesion and the expression of desmin
and Matrix Gla Protein remained constant. Therefore, it is
unlikely that collagen synthesis was diminished, either by
transcriptional downregulation or by phenotypic modulation.
Also, the expression of hsp47, an important chaperone in
intracellular processing of procollagen, did not change within
the plaque.

In addition to regulating matrix production directly, in-
flammatory mediators could affect collagen deposition indi-
rectly by promoting apoptosis of collagen-synthesizing
cells.31,32 Earlier observations in our laboratory indicate that
induction of VSMC apoptosis in the fibrous cap will decrease
cell density, resulting in cap thinning and plaque destabiliza-
tion.33 Recently, IL-18 has been shown to promote apoptosis
by stimulating the secretion of FasL and the expression of
tumor necrosis factor receptor I (TNFR-I).34,35 Although in
this study a slight increase in apoptosis could be noticed in
the IL-18 treatment group, it did not reach statistical signif-
icance. Furthermore, �-SM-actin staining showed a very
moderate, nonsignificant decrease of intimal VSMCs after
IL-18 overexpression. Therefore, loss of collagen synthesiz-
ing cells alone cannot fully explain our observations.

Besides collagen production, structural integrity is depen-
dent on proteolytic activity. The VSMCs, as well as macro-
phages, secrete a wide array of proteases and protease
inhibitors. In particular, MMPs have been associated with
both atherogenesis and plaque destabilization.15,16,36–38

Gerdes et al reported a stimulatory effect of IL-18 on MMP-1,
MMP-9, and MMP-13 protein expression in human macro-
phages,6 whereas targeted deletion of caspase-1 not only
decreased IL-18 production but also decreased MMP-3.39

Each of these proteases was shown to be highly expressed in
unstable plaques.16,17

In our study, we tested the effect of IL-18 exposure on
VSMCs and macrophages. Because even a minor contam-
ination with lymphoid cells during primary monocyte/mac-

Figure 5. A, Collagen zymography. Conditioned media from
Ad.IL-18–transduced hepatoma cells caused an increase in col-
lagenolytic activity in VSMCs at 53 kDa. *P�0.0003. B, Gelatin
zymography. No change could be detected in MMP-2 (62kDa)
and MMP-9 activity. Values are mean�SEM. C and D, Gene
expression in VSMCs after incubation with the conditioned
media samples. Collagen synthesis (C) and MMP expression (D)
are unchanged after IL-18 treatment. Values are mean�SD.
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rophage isolation can result in a paracrine activation of
these macrophages,25 we opted to use RAW 264.7 cells.
IL-18 had no effect on MMP expression or gelatinolytic
activity in vitro and was found only to enhance MMP-13
activity of VSMCs but not of RAW 264.7 macrophages,
albeit we cannot exclude that MMP activity of macro-
phages in plaques is not responsive to IL-18, as well.
Although macrophages are considered to be the main
source of MMPs in atherosclerosis,40 this study showed
that VSMCs can also play a part in cap thinning and plaque
destabilization. Because MMP-13 and TIMP-1 expression
were barely affected, it seems that IL-18 enhanced the
activation of MMP-13 rather than its production. These
findings raise the possibility that matrix degradation
through MMP activation is a major culprit in IL-18 –
induced collagen reduction. Further investigations con-
cerning IL-18 –related effects on MMP-13 regulation,
however, are mandatory for a better understanding of its
matrix modulating properties.

In summary, systemic IL-18 overexpression caused a
marked decrease in intimal collagen content and led to
vulnerable plaque morphology in apoE-deficient mice. The
elevated MMP-13 activity in vitro suggests that excessive
matrix degradation could be responsible for the observed shift
toward vulnerable plaque morphology. This proteolytic ac-
tivity may be executed by VSMCs, which might attenuate the
importance of macrophage infiltration as a condition sine qua
non for thinning of the fibrous cap. In conclusion, these data
underline the importance of IL-18 in extracellular matrix
integrity and in plaque stability, making it an attractive target
for therapeutic intervention.
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Detection of protease activity by gelatin and collagen zymography

Murine hepatoma cells (mhAT3F2 from mice transgene for SV40 driven by an

antithrombin III promoter)23 were plated 24h before infection at the required cell density.

Ad.IL-18 or Ad.Empty was added to the cells at 500 MOI in 500 µl of fresh media and

left for 16h at 37 °C. Cells were washed and incubated in fresh media for 24h before

collection of the conditioned media. Samples were centrifuged, added to murine vascular

smooth muscle cells (vSMCs) or RAW 264.7 cells and left for 24h at 37 °C. Primary

vSMCs were isolated from C57Bl/6 murine aortas as previously described.24

To investigate gelatinase and collagenase activity after incubation with the conditioned

media, samples were subjected to gelatin and collagen zymography. Briefly, the

conditioned media samples were centrifuged to dispose of cellular debris, kept on ice and

processed immediately after incubation. Equal volumes of media (25 µL) were added to

25 µL sample buffer (0.125M Tris-HCl, 20% glycerol, 4% SDS, 0.005% Bromophenol

Blue; pH 6.8). Equal volumes of the samples were loaded onto a 7.5% polyacrylamide

gel containing 0.1% sodium dodecyl sulfate (SDS) and 1.5 mg/ml gelatin or 1 mg/ml

collagen. Following electrophoresis gels were incubated in 2.5% Triton-X-100 for 30

min, in developing buffer (0.05 M Tris, 0.05 M NaCl, 0.01 M CaCl 2 and 0.02% Brij-35)

for 16h at 37°C and subsequently stained with 0.5% Coomassie Brilliant Blue for 30min.

After destaining, bands of lysis representing protease activity were visualized as stainless

spots against a blue background.
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Table I. PCR primersets.

Gene Forward primer Reverse primer
36B4 GGACCCGAGAAGACCTCCTT GCACATCACTCAGAATTTCAATGG
(alpha)-Actin TCCCTGGAGAAGAGCTACGAACT GATGCCCGCTGACTCCAT
CD68 (Macrosialin) CCTCCACCCTCGCCTAGTC TTGGGTATAGGATTCGGATTTGA
Desmin GATGCAGCCACTCTAGCTCGTATT CTCCTCTTCATGCACTTTCTTAAGG
HPRT TTGCTCGAGATGTCATGAAGGA AGCAGGTCAGCAAAGAACTTATAG
Hsp47 ACAAGATGCGAGATGAGTTGTAGAGT TAGCACCCATGTGTCTCAGGAA
IL-18 ACACAACAAGATGGAGTTTGAATCTTC TTTCAGAATGAGTTTGAAAGCATCA
IL1Beta TGG TGT GTG ACG TTC CCA TTA AGG TGG AGA GCT TTC AGC TCA TAT
MGP GCATGTGTTGCTTGCTCCTTAC TCATTACTTTCAACCCGCAGAA
MMP-3 TTTAAAGGAAATCAGTTCTGGGCTATAC CGTAAGTGTGGGACCCAGAC
MMP-9 CTGGCGTGTGAGTTTCCAAAAT TGCACGGTTGAAGCAAAGAA
MMP-13 CAACCTATTCCTGGTTGCTGC ATCAGAGCTTCAGCCTTGGC
Osteopontin CAGGCATTCTCGGAGGAAC GAGCTGGCCAGAATCAGTCACTTT
Procol I (Cola2) TGTACTATGGATGCCATCAAAGTGT CCATTGATAGTCTCTCCTAACCAGACA
Procol III (Cola2) TGCCCAACTGCGCTTCA CCAGCCTGACAGGTTGGAAA
TIMP-1 ACACCCCAGTCATGGAAAGC CTTAGGCGGCCCGTGAT
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