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Introduction and Objective Results: Expression of MMPs and TIMPs
Apolipoprotein E-deficient (ApoE-/-) mice develop a pronounced hyperlipidemia, because the liver is not able to
recognize and clear cholesterol and lipoprotein from blood. These mice consequently develop fibrous arterial 12 MMP-2 3 MMP-3 12:1 MMP-8
plaques (corresponding to human atherosclerotic alterations and their distribution), particularly at the root, inner ‘g 2 K ==
curvature, and branches of the aorta(@b), ge g , |j Eig .
In previous studies(=9), we showed that ApoE-/- mice develop atherosclerosis in response to cigarette mainstream 1 Ii
smoke (MS), a risk factor for atherosclerosis in humans. 5 = I-:-I i D-Ij - h— =
Angiotensin Il (A-Il) has been shown to induce abdominal aortic aneurysm (AAA) formation in mouse models. It is
the major vasoconstrictive effector peptide produced by the renin angiotensin system, which causes oxidative 12 MMP-9 oo MMP-12 1 TIMP-1
stress and leads to hypertension. A-Il has been shown to accelerate the pathogenesis of atherosclerosis, vascular “8’ 504 |
remodeling, and hypertensive cardiomyopathy in both humans and animals(ef9). S ggg g
In this study, we investigated the following: ; Iﬁ f& él
Q Influence of MS exposure on A-ll-treated ApoE-/- mice on the abdominal aorta by analyzing AAA occurrence. == —— o — —_ =] |
Q0 Underlying mechanisms of AAA formation by analyzing several matrix metalloproteinases (MMPs) and their

inhibitors (tissue inhibitors of matrix metalloproteinases [TIMPs]). TIMP-2 - TIMP-3 TIMP4

g g

Materials and Methods = E - £,
The in vivo study was performed at PHILIP MORRIS Research Laboratories bvba, Leuven, Belgium. Care and I_:I_:—I o i Ij == o
use of the animals was in conformity with ‘The Guide for the Use and Care of Laboratory Animals’ published by & s
the US National Institute of Health®. All animal experiments were approved by the Institutional Animal Care and |:| B oAl (Bsg::mgdmc‘:::gre“s&VAT:I;?Ioa;wtvheequanmcauon (RQ), standard. Error bars represent the maximum

Use Committee (IACUC).

ApOE “mice (8-12 weeks old)

|

Implantation of osmotic minipumps

Male ApoE-/- mice (8-10 weeks
old, Taconic) were fed a normal
chow diet (Harlan Teklad) and
implanted with osmotic mini-
pumps (Alzet 2004) containing A-
Il or NaCl. Pumps were replaced
after three weeks and the mice
were exposed to MS from the
Reference Cigarette 2R4F(® or to
fresh air (sham) for four weeks.

—

A-ll

(1.44 mglkg BW &day) ° “WeokS

acl
(physiological concentration)

l * Replacement of l NaCl
oosmotic
« start of exposure

Al
(0.7 mg/kg BW and day)

Smoke/A-lI: Smoke (600 pg/l TPM)
exposure for 4 hours/day exposure for 4 hours/day

4 hours/day for 4 hours/day
At the end of the 30-day inhalation period, RNA was extracted with RNA lysis buffer
animals were sacrificed and the abdominal (Quiagen) after treatment with RNAlater® and
aortas were photographed. Minimum and analyzed for differential gene expression
maximum diameter of each vessel was (qRT-PCR) of MMPs and TIMPs.
determined. If dilatation of the vessel wall Protein was extracted with CHAPS-buffer and
exceeded 150% of the normal diameter, the analyzed for MMP activity with gelatinase
vessel was considered to have an AAA. zymograms (Biorad).
Vessels were then cut into different parts for
extraction of RNA and protein.

Smoke/NaCl: Smoke(600 g/l TPM)

4 weeks

RNA

Protein

Protein

Results: Occurrence of Aneurysms

AAA Incidence

AAA Examples

100%

75%

50%

25%:

NaCl Al
=

smoke

O aneurysms
O3 noaneurysms

Chi*-test, *p<0.05, ***p<0.001

sham smoke

O NaCl-treated mice: no AAAs, irrespective of MS exposure.
Q A-ll-treated mice: AAAs in 26.7% of sham-exposed animals and in 64.3% of MS-exposed animals.

There were 37.6% more AAAs seen in MS-exposed mice, suggesting that MS potentiates the effect of A-Il on
AAA formation in this model. This is in line with epidemiologic evidence(), which shows a strong association of
smoking with risk of AAA.
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Effoct  Effoct Data analyzed with Two-
way ANOVA for MS and
ez [ I Al effect followed by

O Highest up-regulation of MMPs in A-Il treated
mice exposed to MS.

MMP-3 one-way ANOVA when a
O Smoke effect: MMP-2, MMP-8, and TIMP-1. wes [ Zf(r;ig‘eea[jnl interaction was
e | Red: up-regulated
Gene expression data correlate with the occurrence - ue-2 =] roe "d o o
N . 3 g te
of AAA in this model and further support a e [ $’:e" °'W" "eg“l“l
) L significant interaction
mechanism for the potentiation of an A-ll effecton w2 = was fbsewed‘ but no
AAA formation by MS. VR s significances in the one-
. - way ANOVA occurred.

Results: Activity of MMP-2 and MMP-9
Zymography Example

()]
[
2N S
~ O O

MMP-2 Sham Smoke MMP-9
Semiquantitative Zymograpic Analysis
MMP-2 . MMP-9 =
m:l .m:l =]
mozng " Bl Smoke/NaCl
son son
- — Wl Smoke/A-Il
P . Bars represent the median with 1st and
H § 2o 3rd quartiles; error bars the minimum
H H and maximum. Statistical evaluation was
H H
3 . H performed by non-parametric two-way
L g i ANOVA, followed by one-way ANOVA.
oo For MMP-2 and MMP-9 a significant
interaction (p<0.01) was observed. The
Alllsmoke group showed higher activity
compared to  A-llisham (p<0.05 for
MMP-2, p<0.001 for MMP-9) as well as
e e R e [T

A scivd MP-a

compared to NaClismoke (p<0.01 for
MMP-2, p<0.001 for MMP-9),

Q Up-regulatlon only in A-ll-treated mice exposed to MS.
These results suggest a role for MMP-2 and MMP-9 in aneurysm formation, as also described for
the human situation(/).

Conclusion

Cigarette smoke enhances abdominal aortic aneurysm formation in angiotensin Il-treated

Apolipoprotein E-deficient mice.

O This new animal model is suitable for studying mechanisms of cigarette-smoke-induced aortic
aneurysms.

0O Results suggest that expression and activity of matrix metalloproteinases may be part of the
underlying mechanism of abdominal aortic aneurysm formation in this model.
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