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Abstract Accumulation of biglycan, a small leucine-rich
proteoglycan, in the neointima precedes the retention of
lipids and accumulation of macrophages during early
atherosclerosis. Biglycan is therefore considered a pro-
atherogenic proteoglycan that might play a key role in
atherogenesis. On the other hand biglycan ensures in part
establishment of stable collagen networks. Aim of the
present study was to determine whether telmisartan affects
biglycan accumulation in a murine model of accelerated
atherosclerosis and whether collagen matrix is affected.
ApoE~"-mice on Western diet were chronically
(12 weeks) treated either with telmisartan (10 mg/kg) or
hydralazine (500 mg/l drinking water) and systolic arterial
blood pressure was determined by tail cuff plethysmogra-
phy. Animals were killed and aortic plaque score, plaque
morphology and extracellular matrix as well as cellular
plaque composition were analyzed at the aortic root. Fur-
thermore, expression of biglycan and enzymes involved in
collagen cross-linking were analyzed in the aorta. Telmi-
sartan and hydralazine lowered systolic arterial blood
pressure to the same extent. Biglycan accumulation in the
aorta and the aortic root was significantly reduced by tel-
misartan but not by hydralazine. The amount of collagen
and collagen fibril density, macrophages and SMCs was
not affected by either treatment as determined by analysis
of picrosirius red staining, mac2 and «-SM-actin. Further-
more, telmisartan inhibited aortic plaque score and aortic
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root plaque size compared to mice receiving hydralazine
and untreated controls. The current study shows that tel-
misartan reduces biglycan accumulation and inhibits ath-
erosclerosis independently of blood pressure lowering and
without affecting the collagenous plaque matrix. Thus,
biglycan is a pleiotropic target of telmisartan that might
contribute to the anti-atherogenic effects of this ATI-
antagonist.
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Introduction

Atherosclerosis progresses over decades from the initial
intimal thickenings to complex expanded lesions of the
arterial vessel wall [16]. This process is not only character-
ized by accumulation of macrophage-derived foam cells,
lipid deposition and cytokine release [37, 38], but also by
phase-specific accumulation and extensive remodeling of
extracellular matrix (ECM) [14, 23]. Proteoglycans, hyalu-
ronan and collagen comprise both functionally and struc-
turally important group of ECM molecules that are deposited
in the neointimal areas of atherosclerotic plaques [32].

Proteoglycans are key components of the ECM due to
their multifaceted functions such as control of growth
factor activity, control of collagen fibrillogenesis, signaling
and lipid retention [33, 35]. The latter three functions have
among other proteoglycans been attributed to the small
leucine-rich repeat proteoglycan (SLRP) biglycan [18, 19].
Biglycan consists of a protein core containing leucine-
rich repeats and two glycosaminoglycan (GAG) chains
consisting of either chondroitin sulphate or dermatan
sulphate [8].
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Biglycan emerged to be important for a variety of pro-
cesses that are relevant for vascular functions and patho-
physiology. First, soluble biglycan has recently been shown
to signal through toll-like receptors 2 and 4, leading to
macrophage activation, which in turn contributes to sys-
temic inflammation as shown in a murine model of sepsis
[18]. Second, biglycan confers LDL-binding properties
mediated by the glycosaminoglycan chains. The binding of
LDL has been shown in vitro in biglycan overexpressing
smooth muscle cells [15]. Furthermore, in human patho-
logical intimal thickening biglycan accumulation precedes
and co-localizes to lipid deposits and subsequent macro-
phage invasion [13]. This property places biglycan at the
center of the “response-to-retention” hypothesis of ath-
erogenesis assuming that increased biglycan expression in
the arterial wall causes LDL retention in the ECM, facili-
tates LDL-modification and therefore initiates and accel-
erates the early events in the pathophysiology of
atherogenesis [22, 34]. Third, as a collagen binding pro-
teoglycan, biglycan regulates the collagen fibril diameter in
the adventitia. This was demonstrated by disruptive aortic
aneurysm occurring in biglycan deficient mice [6] and may
explain the association of low biglycan expression with
abdominal aneurysms in humans [25]. Biglycan deficient
mice showed also impaired scar formation after myocardial
infarction leading to left ventricular rupture and hemody-
namic insufficiency [31]. Biglycan expression is regulated
by growth factors such as platelet derived growth factor
BB, transforming growth factor beta 1 (TGFf1), interleu-
kin 1 and angiotensin II (Ang II) [20, 21, 28]. Furthermore,
in case of Ang II biglycan expression responds to ATI-
receptor stimulation and subsequent release of TGFf1 as
shown in cardiac fibroblasts [1, 26].

Fig. 1 a Experimental design: A

male apoE’/ “-mice were

treated with Western diet

starting at 4 weeks of age for 0weeks 4 weeks
24 weeks. At an age of I I

16 weeks

Considering the diverse and phase-specific functions
proposed for biglycan during atherosclerosis, one might
propose that biglycan contributes to lipid retention and
inflammation at the earliest stages of atherosclerosis. On
the other hand biglycan is likely also involved in the sta-
bility of the collagenous matrix of atherosclerotic plaques
and might confer plaque stability. The aim of the present
study was to elucidate whether chronic treatment of
apoE_/ “-mice with the AT1 antagonist telmisartan (1)
reduces biglycan accumulation in pre-existing atheroscle-
rotic vascular lesions and (2) how this affects plaque col-
lagen matrix and lipid retention in the matrix.

Materials and methods
Animals

Male apoE~'"-mice were obtained from Taconic M&B
(Lille Skensved, Denmark). Mice were housed in single
cages, allowed water ad libitum and were kept on a normal
12-h light and dark cycle. Starting at an age of 4 weeks
mice received Western diet containing 21% saturated fat
and 0.15% cholesterol for 11 weeks. At the age of
16 weeks apoE~'~-mice were divided into three groups
receiving (1) Western diet, (2) Western diet containing
telmisartan (10 mg/kg) and (3) Western diet plus hydral-
azine (500 mg/l) in drinking water. Telmisartan, provided
by Boehringer Ingelheim, was pelleted into the Western
diet by ssniff (Soest, Germany). Subsequently, mice
remained for 12 weeks on the respective treatments and
were killed at the age of 28 weeks with CO, (Fig. 1a).
Initially ten animals were in each group. Because two
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controls, one hydralazine-treated animal and one telmi-
sartan-treated animal died, n = 8 for controls and n = 9
for both hydralazine and telmisartan. Subsequently, a sec-
ond experiment was performed including again ten animals
in each treatment group. From these animals five aortas
were used for mRNA isolation and five aortas were used
for Western blot analysis. The exact numbers of animals
that were used for the individual analysis are also indicated
in the legends of the respective figures. All experiments
were performed according to the guidelines for the use of
experimental animals as given by “Deutsches Tier-
schutzgesetz” and according to the Guide for the Care and
Use of Laboratory Animals of the US National Institutes of
Health.

Blood pressure measurements

Systolic blood pressure (SBP) was measured by a non-
invasive computerized tail cuff system (Vistech System
BP-2000, Apex, USA). All animals, six per group, were
conditioned to tail cuff measurements over a period of
2 weeks to ensure that the results were not influenced by
stress caused by the procedure. SBP values were obtained
on three consecutive days at the end of treatment.

Plasma lipid analysis

Blood was collected by heart puncture and anti-coagulated
with 100 mM EDTA in isotonic sodium chloride solution.
Plasma was prepared via centrifugation at 850 x g for
15 min at 4°C and stored at —20°C for later analysis.
Total cholesterol and triglycerides were subsequently
quantified using standardized measurement systems used
for routine evaluation of human cholesterol and triglyc-
eride levels.

Tissue processing and fixation

The heart and entire aorta were fixed in 4% neutral buffered
paraformaldehyde for 2 h and subsequently transferred into
20% sucrose in PBS solution. Hearts were frozen in tissue
freezing medium (Leica Nussloch, Bensheim, Germany)
in liquid isopentane at —40°C and 14 pm cryosections of
the aortic root were prepared for immunohistochemical
staining.

Immunohistochemistry

Biglycan and decorin were detected after chondroitinase
ABC digestion with polyclonal rabbit antisera against mur-
ine biglycan (1:1,000, LF 106) and murine decorin (1:1,000,
LF 113) kindly provided by Larry Fisher (National Institute
of Dental and Craniofacial Research, National Institutes of

Health, Bethesda, MD, USA). Anti-heparin sulphate pro-
teoglycan perlecan was detected with monoclonal rat anti-
sera against murine perlecan (1:50, Seikagaku, Tokyo,
Japan). Detection was performed using diaminobenzidine
(Zytomed, Berlin, Germany) as a chromogen. Smooth
muscle cells (SMC) were stained with a monoclonal mouse
anti-o-SM-actin antibody (clone 1A4, 1:1,000, Sigma,
Deisenhofen, Germany). Secondary antibody to detect anti-
o«-SM-actin was obtained from Santa Cruz (Santa Cruz,
USA). Affinity histochemistry of hyaluronan was performed
with HA binding protein, detected with FITC-labeled
streptavidin (2 pg/ml, Calbiochem, Bad Soden, Germany).
Macrophages were detected by an antibody against mac2
(1:400, Cedarlane, Burlington, Canada) and a Rhodamine
Red-X conjugated goat anti-rat IgG (preabsorbed to rodent,
1:400, Jackson ImmunoResearch, Suffolk, UK) was used as
a secondary antibody. ApoB-48 was detected using
K23300R (BioDesign, Saco, ME, 1:50) recognizing mouse
apoB-48 and human apoB-100 [7].

Histochemistry

Lipid deposition was determined on cryosections of the
aortic root by Oil-red-O staining. Collagen accumulation
was detected by picrosirius red staining. Qualitative anal-
ysis of collagen deposition was performed using polarized
light microscopy and birefringence analysis [9].

Plaque burden of the aorta

Atherosclerotic plaques were visualized by Oil-red-O
staining of lipid deposits. Subsequently images of en face
preparations of the whole mounted aorta were taken and
the percentage of plaques in relation to the entire aortic
surface calculated as plaque score in percent of total area
using ImageJ 1.37v software (NIH).

mRNA analysis

Total mRNA was extracted from the aorta after removal
of the adventitial layer using TriReagent according to the
manufactures instructions. mRNA was reverse tran-
scribed and quantitative real-time analysis for ECM
cross-linking enzymes, prolyl 4-hydroxylase subunit
alpha-3 (P4ha3) (forward: 5-CGACTTGACCAGATTC
TAT-GAC-3/, reverse: 5-GAAGGCAAGTAGAGGATT
CAC-3'), tissue transglutaminase 1 (TGMI) (forward:
5'-CCTCAGATGGATCTTCAATGGT-3', reverse: 5'-CC
ATTGTGC-CTTATATTGCAGAG-3'), procollagen-lysine
1,2-oxoglutarate 5-dioxygenase 1 lysyl hydroxylase
(PLOD1) (forward: 5'-GAGCCTTGGATGAAGTTGTG-3',
reverse: 5'-TA-GTTGCCCAGGTAGTTCAG-3'), performed
as described previously [31].
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Morphometric plaque analysis

Plaque area was determined at the aortic root level using
bright field images taken by ColorViewll and AnalySIS 3.2
(Soft Imaging System; Miinster, Germany) and analyzed
by ImageJ 1.37v software (NIH).

Western blot analysis

Sulphated proteoglycans were extracted from the total
thoracic and abdominal aortas of apoE ' -mice under
dissociative conditions and subsequently purified by anion
exchange chromatography, ethanol precipitation and sub-
sequently digested with chondroitinase ABC to expose
core proteins as described previously [10]. Western blot
analysis of biglycan was performed using the LF159
antibody for biglycan (1:1,000). Quantification was per-
formed using fluorescent secondary antibodies and the
Odyssey Infrared Imaging System (LI-COR Biosciences,
Lincoln, USA).

Statistical analysis

Data are presented as the mean £ SD. Statistical analysis
was performed by one-way ANOVA followed by com-
parison of selected pairs (Bonferroni). A value of P < 0.05
was considered significant.

Results
Blood pressure and metabolic parameters

ApoE~"-mice were fed Western type diet from 4 to
16 weeks of age and subsequently drug treatment was
initiated. At this starting point of the experiment
apoE~'"-mice already had developed atherosclerotic
lesions and treatment on Western diet was continued for
12 weeks. Thus, during the experimental period plaque
burden further increases and complex atherosclerotic
lesions developed (Fig. 1). Systolic blood pressure mea-
sured by a non-invasive tail cuff system showed that
both telmisartan and hydralazine lowered blood pressure
to a similar extent (Fig. 1b). Therefore, the effects of
telmisartan that did not occur in response to hydralazine
were indicative for pleiotropic effects not due to blood
pressure lowering. Plasma was analyzed with regard to
cholesterol and triglyceride concentrations (Fig. lc, d).
The total cholesterol level and triglyceride concentration
were similar in control and telmisartan-treated animals.
A nonsignificant trend towards a reduction of total
plasma cholesterol and plasma triglycerides was observed
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in hydralazine-treated animals. Taken together, telmisar-
tan did not significantly affect metabolic parameters.

Quantitative analysis of atherosclerosis in the aorta
and aortic root

At the starting point at 16 weeks of the experiment, plaque
burden was determined to be 4.5 &+ 1.1% in controls
(Fig. 2b). During the experimental period of 12 weeks,
aortic plaque score progressed to 8.2 &+ 2.6%, which was
prevented by telmisartan. In contrast, hydralazine treatment
had no effect on plaque burden (9.1 £ 2.9%, Fig. 2b). To
determine the effect of the treatment specifically on the
plaque area, morphometric analysis was performed at the
aortic root (Fig. 2c), which revealed a significant reduction
of plaque size only by telmisartan. Taken together, telmi-
sartan decreased aortic plaque score and plaque size at the
aortic root which is likely an effect independent of blood
pressure lowering.

Proteoglycans in plaques of the aorta and of the aortic
root

Aortic biglycan expression was analyzed by Western blot
analysis performed on aortic extracts. As shown in Fig. 3a
only telmisartan treatment resulted in a significant reduc-
tion of biglycan protein expression. The extracts used for
Western blotting were prepared from the entire aorta,
thus representing atherosclerotic and non-atherosclerotic
regions. Considering that only 5-10% of the aorta is
affected by plaque development (compare to plaque score),
the result likely indicates substantial reduction of biglycan
in aortic plaques. For specific analysis of biglycan
expression in atherosclerotic lesions biglycan accumula-
tion was detected by immunohistochemistry in plaques at
the aortic root. Biglycan was already strongly expressed at
the beginning of the experimental period at 16 weeks of
age and further increased to about 30% area fraction
(Fig. 3b) at the end of the study. This increase was pro-
hibited by telmisartan treatment but not by hydralazine
suggesting an effect independent of blood pressure.
Figure 3c shows the expression pattern of biglycan in the
aortic root lesions characterized by strong expression
throughout the plaque neointima and to a lesser extent in
the media.

To analyze whether also other proteoglycans were
affected by the drug treatment decorin, a small leucine-rich
proteoglycan related to biglycan, and perlecan, a large
heparin sulphate proteoglycan, were detected as well. As
shown in Fig. 4, decorin was neither affected by telmi-
sartan nor by hydralazine. Interestingly, perlecan was
increased in the group receiving telmisartan (Fig. 4).
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To analyze whether the down regulation of biglycan by
telmisartan affects collagen accumulation and collagen
fibril packing picrosirius red staining was performed and
analyzed by light microscopy and under polarized light.
Total collagen was not changed as shown in Fig. 5a, b.
Furthermore, no differences were detected in collagen fibril
density as shown by birefringence analysis (Fig. 5c, d).
Another parameter indicative for collagen stability is

weeks of age

collagen cross-linking. Therefore, the aortic mRNA
expression of key enzymes involved in collagen cross-
linking, prolyl 4-hydroxylase subunit alpha-3 (P4ha3)
(Fig. 5e), tissue transglutaminase 1 (TGMI1) (Fig. 5f),
procollagen-lysine 1,2-oxoglutarate 5-dioxygenase 1 lysyl
hydroxylase (PLOD1) (Fig. 5g), was analyzed by quanti-
tative real-time analysis. TGM1 was upregulated and
PLOD1 showed a nonsignificant trend towards upregulation
in both telmisartan and hydralazine-treated mice, suggest-
ing even increased expression of cross-linking enzymes in
response to blood pressure lowering (Fig. Se, g). Because
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Fig. 4 a Western blot analysis of decorin extracted from thoracic
aorta of apoE-deficient mice, quantification was performed using
fluorescent secondary antibodies and the Odyssey Infrared Imaging
System, n = 5. b Densitometric quantification of decorin immuno-
histochemistry at the aortic root. ¢ Densitometric quantification of
perlecan immunohistochemistry at the aortic root. d Representative

plaque stability was not directly determined, the results on
collagen and collagen cross-linking enzymes may be taken
as evidence that the collagen matrix is at least not weakened
in response to telmisartan treatment despite of lower
biglycan content.

To complete the analysis of matrix components con-
sidered to be critically involved in atherogenesis, hyalu-
ronan accumulation was detected. Hyaluronan (HA) was
not changed by telmisartan. Furthermore, the cellular
composition was assessed by detection of macrophages
(mac2) and SMC (a-SM-actin). However, also the cellular
composition was not changed by telmisartan or hydralazine
(Fig. 6a—f).

Lipid retention in aortic root lesions

The data presented above revealed that telmisartan spe-
cifically reduced biglycan accumulation whereas it
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aortic root lesions of apoE ' ~-mice stained for decorin. e Represen-
tative aortic root lesions of apoE™'~-mice stained for perlecan. Data
in b and ¢ represent mean + SD, n = 8-9, * P < 0.05. Pictures were
taken at a 40-fold magnification. Con control, fel telmisartan,
hyd hydralazine

increased perlecan. In contrast, other matrix components
and the cellular composition were not affected. To inves-
tigate whether the changes in proteoglycan matrix affected
the retention of lipids in the plaque matrix Oil-red-O
staining indicating total lipid retention and apoB-48
staining indicative for LDL were performed and quantified
in aortic root lesions. As shown in Fig. 7 neither total lipid
retention nor apoB-48 were affected.

Discussion

It is well documented that biglycan binds to LDL particles
and thereby supports LDL retention within the vascular
ECM [12]. It has been shown that lipid accumulation
occurs in human pathological intimal thickening in the
same regions and prior to macrophage accumulation [13].
Therefore, inhibition of biglycan expression might be an
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Fig. 5 Composition of aortic root lesions of apoE~'~-mice after
treatment with telmisartan and hydralazine. a, b Total collagen
content of aortic root plaques as indicated by picrosirius red staining
observed by light microscopy. ¢, d Collagen fibril packing analyzed
by picrosirius red staining and birefringence using polarized light.
Pictures were taken at 40-fold magnification, densitometric quanti-
tation of total collagen and red polarizing collagen indicating tightly

effective strategy to inhibit the very first step in athero-
genesis as detailed in the “response to retention hypothe-
sis”. Furthermore, Tannock and co-workers [7] showed in
an elegant study that infusion of Ang II into LDL-receptor
deficient mice induces biglycan expression in the intima of
atherosclerotic lesions and that LDL is deposited at the
sites of high biglycan expression in these fatty streak like
lesions.

However, on the other hand it was recently discovered
that deficiency of biglycan leads to aortic dissection in
mice [6], that biglycan deficiency causes rupture of infarct
scars [31] and that low biglycan is associated with aneu-
rysms in humans [25]. Therefore, it appeared important to
investigate if telmisartan would indeed affect biglycan in
advanced atherosclerotic plaques and if so, does this then
cause unfavorable changes in vascular matrix composition
and does it affect lipid accumulation.

Thus, the first question addressed in the present study
was whether ATl-receptor antagonists can effectively
reduce biglycan accumulation in advanced atherosclerosis
rather than in the initial phase of atherogenesis. Therefore,

packed collagen fibrils is presented, n = 8-9. e-g mRNA expression
of ECM cross-linking enzymes performed from total aortic mRNA.
e Prolyl 4-hydroxylase subunit alpha-3 (P4ha3). f Tissue transgluta-
minase 1 (TGM1). g Procollagen-lysine 1,2-oxoglutarate 5-dioxy-
genase 1 lysylhydroxylase (PLODI1), n =5, data represent
mean =+ SD, * P < 0.05 versus control. Con control, tel telmisartan,
hyd hydralazine

we started treatment at the age of 16 weeks in male
apoE'"-mice with pre-existing atherosclerosis and
extended the experimental period to the age of 28 weeks.
At this time apoE~’"-mice present advanced atheroscle-
rotic plaques. Indeed, telmisartan reduced aortic biglycan
expression in atherosclerotic plaques of the aortic root in
the present experimental model. This is in line with pre-
vious studies showing that AT1-blockade reduces biglycan
expression after myocardial infarction in rats and in vitro in
cardiac fibroblasts [1, 26]. Thus, it is likely an effect
directly due to inhibition of AT1-receptor signaling and
independent of blood pressure lowering since hydralazine
had no effect on biglycan. The present results thus com-
plement the finding by Huang et al. 2008 [7] that Ang II
induces biglycan expression in early atherosclerotic lesions
in LDL-receptor negative mice. Considering also that
candesartan inhibited renal expression of biglycan in SHR-
rats [17], it is very likely that biglycan is indeed a target of
Ang II in atherosclerosis. Thus, other AT1-antagonists and
ACE-inhibitors may have similar effects. However, this
remains to be shown in future studies. Taken together our

@ Springer



36

Basic Res Cardiol (2010) 105:29-38

>

hyaluronan

(9]

m o-SM-actin

macrophages

Fig. 6 Aortic root lesions of treated apoE~'"-mice. a, b Hyaluronan
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Fig. 7 Aortic root lesions of treated apoE ' -mice. a Oil-red-O
staining of plaques of the aortic root. b Quantification of Oil-red-O
staining by image analysis. ¢ ApoB-48 immunostaining and

results are the first indication that pharmacologic down
regulation of biglycan can indeed be achieved by the
treatment with the AT1-receptor antagonist telmisartan in
advanced atherosclerosis.

The second so far unanswered question addressed in this
manuscript was whether pharmacologic reduction of
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biglycan affects the stability of vascular collagen matrix.
This question appears very important to us, since several
lines of evidence suggest that absence of biglycan will
cause undesirable weakening of the collagenous matrix in a
variety of organs. The first evidence came from the initial
phenotyping of biglycan"’-mice showing reduced growth
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and mineralization of bones [36]. Followed by the obser-
vation that collagen fibrillogenesis in tendon is impaired
accompanied by the occurrence of an osteoarthritis-like
phenotype [2]. Recently it was discovered that biglycan™"’-
mice developed irregular collagen fibrils also in the
adventitia of the aorta which in turn caused aortic aneu-
rysm and aortic dissection [6]. A similarly dramatic result
was obtained in biglycan "°-mice after experimental
myocardial infarction, revealing impaired collagen fibril
assembly in infarct scars leading to frequent left ventricular
ruptures and hemodynamic insufficiency [31]. These
effects of biglycan deletion were comparable to the effect
on collagen network stability and the biological conse-
quences observed in mice deficient of decorin, a closely
related small leucine-rich proteoglycan [4, 30]. Impor-
tantly, the present findings clearly indicate that in contrast
to the genetic knock out, partial reduction of biglycan in
the aorta and in atherosclerotic plaques does not lead to
undesirable changes either of the collagenous matrix or the
cellular composition of plaques. Furthermore, both telmi-
sartan and hydralazine treatment led to upregulation of
ECM cross-linking enzymes which is likely a consequence
of blood pressure lowering and may lead to strengthening
of the ECM.

In addition, the current experimental design allowed to
answer the question whether telmisartan treatment of pre-
existing, advanced lesions will reduce lipid retention within
the matrix. The present results revealed that this was not the
case. This may be due to the fact that the lipid accumulation
was already advanced at the time of treatment and not
responsive anymore to subsequently induced changes in
matrix composition. In addition, we found that perlecan was
upregulated. Because perlecan is also thought to mediate
lipid retention in the plaque matrix and to serve pro-
atherogenic functions [27], the accumulation of perlecan
might have compensated the downregulation of biglycan
with respect to lipid retention. The upregulation of perlecan
was unexpected in the light of the findings by Huang et al.
[7] but in line with a study by van Det et al. [29]. In addition,
perlecan might be upregulated as part of a compensatory
response to the reduction of biglycan accumulation since
both proteoglycans are thought to have partially overlap-
ping functions with in the plaque matrix [11].

The macrophage and smooth muscle content were not
affected, although it has been shown before that telmisartan
reduced the number of inflammatory cells in murine ath-
erosclerosis. The macrophage influx occurs early in the
present model peaking between 10 and 14 weeks of age
(data not shown). Thus, in our study the treatment was
initiated after the peak of the inflammatory response and
carried on until inflammation subsided even in controls. In
contrast, other studies demonstrated reduced macrophage
content in response to telmisartan in the past. However,

these studies started the treatment much earlier [5, 24],
used a by far higher daily dose of telmisartan [3] or a
Western type diet with 1.5% cholesterol [5]. Taken toge-
ther the previous studies used different timing, dosing and
diets, which may explain the detection of anti-inflamma-
tory effects of telmisartan that were not evident in the
present experimental design.

In conclusion, telmisartan treatment specifically affects
proteoglycan matrix composition of advanced atheroscle-
rotic lesions independent of blood pressure lowering and
without disturbance of the architecture of the collagenous
plaque matrix and without effects on lipid retention.
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