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Preface

Our vasculature is more than a simple conduit for carrying
blood, itis a complex and dynamic organ system that affects
every system in our bodies. The absolute requirement for a
functioning circulatory system also means that its health
impacts directly on our well being. It is for these reasons that
there is so much interest directed at understanding how the
vasculature functions in both healthy and disease states.
The articles in this volume examine all aspects of vascu-
lar biochemistry. Not only do they touch on the various tissue
components present in the vascular wall, they also examine
the hemodynamic and metabolic activities associated with its
function. Why is this so important? It is well established that
cardiovascular disease is the number one killer in the world.
In the United States, 710,000 individuals died from heart
disease in 2000, while across the world the death rate from
heart disease is 17 million (1/3 of global deaths). Indeed. 12%
of Americans have been diagnosed with heart disease, and
this number increases to 35% for individuals over the age of
65. More significantly, coronary artery disease accounts for
half of all cardiovascular conditions, and is the primary cause
of heart attack and stroke. In addition, approximately 20% of
individuals are hypertensive. These statistics clearly indicate
the impact of vascular health on the general population. As
well, there is a marked increase in the incidence of hyperten-
sion and coronary artery disease for diabetics. In fact, there
is considerable support for the view that the cardiovascu-
lar consequences of diabetes occur as a result of vascular
hyperreactivity. Since the incidence of diabetes is expected
to increase from 4% to 5.4% of the total population between
now and 2025, understanding the factors that influence vas-

cular health will be necessary to develop the clinical tools
needed to prevent a comparable increase in cardiovascular
deaths.

The papers included in this volume represent research that
is directed towards understanding vascular function. As well,
many articles have examined the vasculature under condi-
tions which mimic the various disease states described above.
Atherosclerosis is considered in relation to lipid/cholesterol
metabolism, infection, racial profiles and oxidation state. At
the cellular level, the contribution of smooth muscle cell
proliferation, gene expression and the activity of enzymes
catalyzing cholesterol synthesis to atherosclerosis are con-
sidered. Similarly, hypertension is discussed in terms of
vasoreactivity and endocrine responses. The significance of
diabetes and autoimmune responses were also studied by
contributors to this volume. As such, this volume presents a
broad range of topics associated with vascular function.

The 27 manuscripts contained in this volume were contrib-
uted by scientists who had attended the XVII World Congress
of the International Society for Heart Research held in Win-
nipeg, Canada in July, 2001. By participating in a Congress
with almost 2000 attendees, the authors were able to provide
new information for researchers that could have considerable
impact on the future health of many individuals. The breadth
of the work is also notable, since each of the pathological
conditions associated with vascular disease typically has
multiple causes. We therefore believe that the following ar-
ticles will provide new insights into the mechanisms that
control vascular function, as well as therapies designed to
treat vascular disease.

Peter Zahradka, Jeffrey Wigle and Grant N. Pierce
St. Boniface General Hospital Research Centre
Winnipeg, Manitoba

Canada
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Osteoglycin expression and localization in rabbit
tissues and atherosclerotic plaques

Borja Fernandez,' Andreas Kampmann,” Frederic Pipp,'
René Zimmermann” and Wolfgang Schaper’

'"Max-Planck-Institute, Department of Experimental Cardiology, Bad Nauheim; *Kerckhoff-Clinic, Vascular Genomics,
Bad Nauheim, Germany

Abstract

The localization of osteoglycin (OG), one of the corneal keratan sulfate proteoglycans, was studied in different normal rabbit
tissues, as well as in atherosclerotic lesions, by means of in situ hybridization and immunohistochemistry. OG was associated
with the vasculature of all the organs analyzed. Normal aortas showed abundance of the protein in the adventitia and focally in
the media. Peripheral vessels showed OG localized only in the adventitia. OG mRNA was restricted to vascular smooth muscle
cells, pericytes, and fibroblasts in aorta and skeletal muscle. In striated muscle, OG was abundant and distributed in foci around
muscles and vessels, whereas in visceral muscle, the protein was homogeneously distributed throughout the extracellular ma-
trix. In all the other organs studied, OG was only associated with the vasculature. with the exception of the lung and liver. In
these two organs, the protein accumulated also around cartilage. alveoli, and hepatic duct. In atherosclerotic lesions, OG mRNA
was down-regulated in the media and up-regulated in the activated endothelium and thick neo-intima, whereas the protein accu-
mulated in the front edge of migrating smooth muscle cells. We conclude that OG is a basic component of the vascular extracel-
lular matrix. OG also plays a role in atherosclerosis, and might be useful for therapeutic interventions. In addition, the possible

involvement of OG in maintaining physical properties of tissues is discussed. (Mol Cell Biochem 246: 3—11,2003)

Key words: osteoglycin, keratan sulfate proteoglycans, mRNA and protein localization, rabbit tissues. vasculature

Introduction

Osteoglycin (OG), also called mimecan, is a keratan sulfate
proteoglycan (KSPG) first isolated from bovine bone [1].
Later, it was found to be identical to an unidentified KSPG
highly abundant in the cornea [2]. The OG core protein be-
longs to the small leucine-rich repeat protein (SLRP) family
together with 20 other evolutionary conserved small inter-
stitial proteoglycans [3]. SLRPs share three conserved domains
[4]: (1) An amino-terminal domain containing negatively
charged glycosaminoglycan chains, probably involved in
binding to cell surface and extracellular matrix proteins. (2)
A cysteine-free central domain with 8—10 tandem repeats of
leucine-rich regions responsible for binding to type I colla-
gen. (3) A carboxyl end domain that contains two cysteine

residues with unknown function. The biological roles of SLRPs
are most probably related to protein—protein interaction [4].
They are considered key regulators of collagen fibrillogenesis
in skin and cornea [5]. In addition, members of the subfamily
of SLRPs that includes OG have been shown to bind growth
factors. especially members of the TGFf superfamily, via the
core protein [6].

KSPGs were initially characterized in three different tis-
sues: cornea, cartilage and brain [7]. However, proteoglycans
with similar antigenic and physical properties were also ex-
tracted from many different tissues, but with a limited distri-
bution of keratan sulfate epitopes [8]. KSPGs are 10-20% as
abundant in connective tissues as in the cornea [8]. where
they are responsible for corneal transparency by regulating
collagen fibril structure [5. 9. 10]. Lumican. one of the cor-

Address for offprints: B. Fernindez, Max-Planck-Institute, Department of Experimental Cardiology. Benekstrasse 2. D-61231 Bad Nauheim,

Germany (E-mail:  borjaf@kerckhoff.mpg.de)
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neal KSPGs plays a similar regulatory role for fibrillogenesis
in the skin [11]. No experimental evidence exists about the
functions of KSPGs in tissues other than cornea and skin.

The distribution of OG, like other KSPGs, is widespread
in many body tissues. It is highly abundant in cornea. sclera,
and cultured kerationocytes, but it has also been detected at
variable amounts in different organs [2, 12, 13]. However,
the localization of OG in these tissues is mostly unknown.
Only two studies have addressed OG protein or mRNA lo-
calization in tissues: OG protein has been detected in rat
chondrocytes, osteocytes, and osteoblasts [ 14]. whereas OG
mRNA has been shown in normal and diseased arteries [ 15].

In the present study we have explored the localization of
OG mRNA and protein in different organs. with special at-
tention on vascular tissues. In addition, we have extended
the previous observations of OG expression in rabbit athero-
sclerotic lesions. Our study is the first to describe the locali-
zation of OG in different organs, which may contribute to
understanding the physiological functions of OG and KSPGs
in health and disease.

Materials and methods

All animal studies were approved by the Bioethical Com-
mittee of the District of Darmstadt, Germany. Animals were
handled in accordance with the American Physiological So-
ciety guidelines for animal welfare and the Guide for care
and use of laboratory animals published by the US National
Institutes of Health.

Normal tissues: aorta, skeletal muscle, heart, uterus, intes-
tine, lung, liver, kidney, pancreas, spleen and brain were ob-
tained from New Zealand White rabbits, and atherosclerotic
lesions from Watanabe rabbits. All the animals were killed
by an anesthetic overdose. For Northern and Western blot
analyses, the tissues were rapidly collected, frozen in liquid
Nitrogen, and stored at —80°C until use. For in siru hybridi-
zation, immunohistochemistry, and immunofluorescence the
tissues were embedded in Tissue-teck mounting media (Sakura
Finitek), and cryopreserved in liquid Nitrogen-cooled methyl
butane (Merk).

Cloning of OG

OG was identified as clone AK47b2 in a Differential-Display-
Reverse-Polymerase-Chain-Reaction (DDRT-PCR) screen for
genes, which are differentially expressed during growth of
arteries in rabbits (A. Kampmann et al.. paper in preparation).
This clone showed homology to human OG (89%, Genbank
Acc. No. NM014057). The full length cDNA (AK74b2 full
length; submitted to Genbank) was amplified using the

SMART 5" RACE Kit (Clontech) and used as a probe for all
further studies.

Northern blot

Total RNA was isolated from rabbit aorta and skeletal mus-
cle according to the method of Chomczynski and Sacchi
[16]. Northern blot hybridization was performed according
to standard procedures [17] using the full length OG ¢cDNA
probe.

Western blot

Protein isolation and Western blot analysis were performed
according to standard procedures [16]. In short, tissue was
homogenized in extraction buffer (0.1 M Tris-HCI pH 8.0:
0.01 M EDTA: 0.04 M DTT: 10% (w/v) SDS) using an ultra-
sonic device (Sonoplus GM 70, Bandelin) and quantified us-
ing the Bio-rad assay. Equal amounts of proteins were then
separated on precast 4—12% Tris-Gylcine gels (NOVEX). A
polyclonal rat anti-OG antibody raised against a synthetic
peptide from the N-terminus of the deduced rabbit OG amino
acid sequence was used. Immunodetection was performed
with an enzyme-linked chemiluminescence detection system
(ECL-System; Amersham Pharmacia Biotech) and a peroxi-
dase-conjucated goat anti-rat IgG secondary antibody (Santa
Cruz).

In situ hybridization

Non-radioactive in situ hybridization was performed with
digoxigenin-labeled mRNA probes, generated by the in vitro
transcription method from the clone AK74b2 (full length). The
RNA was labeled using the *DIG RNA Labeling Mix” (Roche
Diagnostic) as instructed by the supplier. The hybridization
and detection protocols followed the *Nonradioactive in
situ hybridization application manual® (Roche Diagnostic).
Briefly, cryosections were fixed in 4% paraformaldehyde,
and washed first with phosphate buffer saline (PBS) and then
with 2 x SSC (300 mM NaCl: 30 mM sodium citrate; pH
7.4). Prehybridization consisted of incubation with 4 x SSC
+ 50% formamide at 37°C for 20 min. Hybridization was per-
formed overnight at 45°C with antisense or sense probes.
After several 2x and 1 x SSC washing steps, sections were
incubated with RNase A at 37°C for 30 min. Stringent washes
consisted of: 2 x SSC + 50% formamide at 50°C; | x SSC at
37°C: 0.5 x SSC at room temperature, 10 min each. mRNA
probes were detected with anti-digoxigenin antibodies con-
jugated with alkaline phosphatase as instructed.



Immunohistochemistry

Immunoperoxidase was performed in 5 or 10 pm cryosections.
The sections were fixed with cooled acetone, air-dried and
washed with PBS. After quenching the endogenous peroxi-
dase activity with 3% hydrogen peroxide, the sections were
washed in PBS, immersed in blocking solution (0.1% bovine
serum albumin; 0.4% glycine in PBS) and incubated over-
night with the rat polyclonal antibody against OG. After
several PBS washing steps, the sections were incubated with
a peroxidase-conjugated anti-rat [gG (Santa Cruz Biotech-
nology). Peroxidase was detected by incubation with 3,3’
diaminobenzidine (Sigma). The omission of the first anti-
body served as a negative control. In some sections, the nu-
clei were counterstained with hematoxilin. Photomicrographs
were obtained with a Leica DMLD microscope.

[n some cases, in siru hybridization with OG mRNA probes,
or immunoperoxidase with OG antibodies were combined
with immunofluorescence with vascular smooth muscle o-
actin antibodies (FITC-conjugated anti-a-actin, Sigma) in
consecutive cryosections. After the blocking step, the sec-
tions were incubated overnight with anti-a-actin antibodies
and washed several times with PBS. Nuclei were counter-
stained with DAPI (Sigma).

Results

Northern blot analysis of tissue from rabbit aorta and skeletal
muscle using clone AK74b2 (full length) revealed a single band
of approximately 3.2 kb (Fig. 1 A), corresponding well to the
published mRNA size for rat OG [15]. Western blot results
showed a major band at approximately 34 kDa in most or-
gan tissues (Fig. 1B). This value corresponds to the predicted
molecular weight of rat OG [15] and also to the predicted
molecular weight of rabbit OG/AK74b2 (full length) (data
not shown). Cardiac ventricles, uterus, and lung showed the
strongest signals. Skeletal muscles, kidney, and brain also
showed specific signals. In the liver and spleen, the signal
was almost undetectable. The existence of multiple faint
bands at higher molecular weight recognized by the antibody
points to possible glycosylated forms of the protein.

In situ hybridization of normal rabbit aortas with antisense
mRNA probes coding for OG revealed positive signals in the
nuclei of smooth muscle cells of the arterial media and in
adventitial fibroblasts (Figs 2A and 2B). The signal was ho-
mogeneously distributed in the media and was usually more
abundant in the adventitia, whereas the endothelial cells
were negative. Immunoperoxidase using anti-OG antibod-
ies revealed focal deposits of the protein in the media and
adventitia (Figs 2C and 2D). The localization of OG was
extracellular, accumulating in the medial lamellae. The stain-

ing in adventitia was significantly more robust than in the
media, showing a ring of immunoreactive material in the
outer layer of the vessel. The endothelial layer and the sub-
endothelial space were always devoid of protein.

In the quadriceps muscle, OG mRNA was located in the
smooth muscle cells of the arteries, similar to the localiza-
tion observed in the aorta (Fig. 3A). In addition, strong stain-
ing was found in tissue fibroblasts (Figs 3A and 3C), and in
pericytes surrounding capillaries and small arterioles (Fig.
3B). Endothelial cells of capillaries, arteries and veins, as
well as skeletal myocytes were negative. Immunoperoxidase
staining of similar sections of the quadriceps muscle revealed
a widespread distribution of OG protein in the extracellular
matrix surrounding each muscle fiber (Fig. 4A). The signal de-
creased in intensity from the perimysium to the endomysium,
with focal and patchy deposits of immunorcactive signal
around individual myocytes (Fig. 4A). Strong OG staining was
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Fig. 1. (A) Northern blot analysis of OG in aorta and skeletal muscle.
Hybridization to a single band of = 3.2 kb is found. For reference. the
size of the 18S rRNA is indicated. (B) Western blot showing the amount
of OG protein in different rabbit organs. The polyclonal anti-OG an-
tibodies recognized a major band of = 34 kDa. The multiple faint bands
recognized by the antibody point to possible glycosylated forms of
the protein. Note that the secondary antibody used detects an epitope
from the molecular weigh standard.



Fig. 2. In situ hybridization (A. B) and immunohistochemitry (C, D)
of a normal rabbit aorta. A and C show the luminal part of the artery.
B and D show the abluminal part. Arrows point to signals for OG
mRNA (A, B). and OG protein (C. D) in the arterial media. The ad-
ventitia is indicated between arrowheads in D. A — adventitia; E —
endothelium. (A-D: «150).

observed around vessels. The protein accumulated in the
adventitia of arteries and veins, but was always absent from
the media and the endothelium (Fig. 4B).

In the heart, the pattern of OG immunostaining was found
to be similar to that of skeletal muscles (Figs 4C and 4D).
The protein was located in the extracellularmatrix surround-
ing cardiomyocytes. The strongest staining was found in the
subendocardium and subepicardium (Fig. 4C), as well as in
the adventitia of the coronary vessels (Fig. 4D). The semi-
lunar valves were also found to be immunoreactive (not
shown).

In the uterus, the localization of OG was similar to that in
the intestine (Fig. 5). However, it was found to be different
compared to heart and skeletal muscles (compare Figs 4A and
4C with Figs 5A and 5C). Instead of patchy foci of immuno-
reactive material, a light brown staining was homogeneously
distributed throughout the muscular, epithelial and vascu-
lar areas of both organs (Fig. 5). The protein intermingled
with smooth muscle cell layers (Figs SA-5C), and surrounded

B E

Fig. 3. In situ hybridization with OG mRNA antisense (A-C) and sense
(D. E) probes of the guadriceps muscle. (A) Arrows indicate positive
nuclei of arterial smooth muscle cells. Perivascular fibroblasts are also
positive (arrowheads). (B) Positive pericytes (arrows) surround sev-
eral capillaries and a small arteriole (arrowhead). Note that arteriolar
endothelium, capillaries, and myocytes are negative. (C) Positive in-
terstitial fibroblasts (arrows) are distributed among negative myocytes.
(D. E) Incubation of the sections with a sense mRNA probe for OG
resulted in no signal. L — lumen. (A: =150: B: x400: C: x300: D: =75:
E: x100).

vessels of every size in the vascular areas (Figs 5B and 5D).
OG also occupied the extracellular space around the intesti-
nal and endometrial epithelia (Figs SA-5C). In these two or-
gans, no anatomical or histological structure was found to
be more reactive than others to OG antibodies.

In the lung, the extracellular space beneath the bronchial
epithelium was the richest in terms of OG immunoreactive
content (Fig. 6A). The extracellular matrix surrounding the
bronchial cartilage was also strongly immunoreactive. Dis-
persed foci of the protein were detected around the alveoli.
The pulmonary vasculature showed a pattern of staining simi-
lar to that of the heart and skeletal muscle. However, the main
pulmonary arteries and veins showed marked differences. In
the pulmonary artery (Fig. 6B). OG concentrated in the ad-
ventitia, and was absent from the typically thick media of
the vessel. In addition, a rim of the protein was found along
the subendothelial surface. In the pulmonary vein, (Fig. 6C)



focal deposits of the protein were present in the medial lamel-
lae, like in the aorta (Figs 2C and 2D) and vena cava (not
shown). In the subendothelial space, OG formed a thick layer,
not found in any other vessel studied.

In the liver, OG was associated with two histological struc-
tures: the hepatic duct, and the hepatic vasculature (Fig. 6D).
In the hepatic duct, OG strongly concentrated around the
epithelium. In the hepatic vasculature, the distribution of OG
was similar to other organs. The portal vein, like other big
veins showed focal depositions of OG not only in the ad-
ventitia, but in the media as well. (Fig. 6E).

In the kidney (Fig. 6F), brain, pancreas and spleen (not
shown), the distribution of OG was exclusively restricted to
the adventitia of the vessels. In these three organs, the pa-
renchyma was completely devoid of any immunoreactive sig-
nal, and the distribution of OG around the vasculature was
similar to that in other organs like the heart and skeletal mus-
cle (Fig. 6F).

Given the prevalence of OG distribution in the vascular
system, we studied OG mRNA and protein in the aortas of
Watanabe rabbits with different degrees of atherosclerotic
plaque development. Early stage is characterized by the for-
mation of a thin neo-intima layer beneath the endothelium
(Figs 7A and 7B). At this stage, the neo-intima consists of
loosely arranged mesenchymal-like cells with no immuno-
reactivity to smooth muscle a-actin. While neo-intimal cells
did not show any expression of OG mRNA., an ectopic ex-
pression was consistently detected in the endothelial cells
covering the neo-intimal progression (Fig. 7A).

More advanced lesions showed a thick neo-intima layer
composed of a-actin negative cells (Figs 7C-7E). OG mRNA
expression disappeared from the endothelium, whereas the
inner portion of the neo-intima (closer to the endothelium)
acquired a strong staining (Fig. 7C). In addition, the inner
part of the media that was composed of normally arranged
a-actin positive smooth muscle cells without signs of elas-
tica disruption (Fig. 7D), showed a consistent downregula-
tion of OG mRNA (Fig. 7C). Immunohistochemical staining
of OG in adjacent sections revealed accumulation of the pro-
tein in the intima layer, just beneath the location of OG ex-
pressing cells (Figs 7C and 7E).

End-stage lesions were characterized by the presence of a
plaque composed of a-actin negative fibroblast-like cells (Figs
7F and 7G). The fibroblast-like cells were devoid of OG ex-
pression, whereas a thin rim of «-actin-negative cells surround-
ing the plaque showed clear positive signals (Fig. 7F).

Discussion
We used in situ hybridization and immunohistochemistry to

examine for the first time the localization of OG mRNA and
protein in rabbit organs. Our results confirm previous stud-

ies [2, 12, 13| demonstrating abundance of the protein in dif-
ferent tissues, and show a heterogeneous distribution of OG
in different organs.

Despite differences in distribution among organs, the pres-
ence of OG in the vasculature is a constant histological fea-
ture in all the organs studied. In situ hybridization revealed
that vascular smooth muscle cells, pericytes, and adven-
titial fibroblasts are the sources of OG in vessels. whereas
endothelial cells do normally not express OG mRNA. Im-
munohistochemistry showed accumulation of the secreted
protein in the adventitia of all arteries and veins. In periph-
eral vessels, OG is restricted to the adventitia, whereas in big
arteries and veins, foci of OG were distributed also through-
out the media. The endothelium and the subendothelial space
are free of protein. Although the mRNA and protein locali-
zation of OG in the vasculature showed a consistent and
constant pattern, the pulmonary vessels were found special
in terms of its amount and distribution. The pulmonary ar-
teries were the only normal big arteries with OG in the in-
tima layer but not in the media. and the pulmonary veins also
showed OG in the thick intima. Our immunohistochemical
staining revealed accumulations of OG protein around big
and medium size vessels. Yet, microvessels (arterioles,
venules and capillaries) were usually not stained. This ob-
servation can be interpreted (1) as a restriction of the histo-
logical distribution of the protein or (2) as a limitation of the
method due to low concentrations of the antigen. The later
is more likely, because in situ hybridization revealed expres-
sion of OG mRNA by pericytes surrounding arterioles and
capillaries. In any case, we can conclude that the proteo-
glycan OG is a basic component of the vascular extracellu-
lar matrix in all organs of the body.

There is only one study that showed OG mRNA expres-
sion by smooth muscle cells in the normal media of neonatal
and adult aortas [15]. Other members of the LRSPs family
have also been detected in vascular extracellular matrices:
byglican is associated with intramural blood vessels of the
uterus [4], and Decorin accumulates in the adventitia of mam-
mary gland vessels [4]. In addition, Thieszen and Rosenquist
[ 18] found that decorin interacts with collagen type 1 in the
chick embryonic cardiac outflow tract. Our results, together
with all these data strengthen the hypothesis that OG together
with other SLRP family members are important in develop-
ing and maintaining the mature vascular extracellular ma-
trix.

OG mRNA expression has been shown to be regulated in
diseased arteries [15]. Therefore. we examined the localiza-
tion of OG mRNA and protein in the aortas of Watanabe rab-
bits, a well-known model for atherosclerosis. In the early
stages of intima formation, a consistent ectopic expression
of OG was found in endothelial cells. During neo-intima
progression, OG mRNA was up-regulated in the inner neo-
intima and down-regulated in the inner media, whereas the
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Fig. 4. OG immunohistochemical staining of rabbit quadriceps muscle (A, B) and heart (C, D). (A) A thick layer of immunoreactive OG sur-
rounds the quadriceps muscle in the perimysium (big arrowhead). A smaller but continuous layer surrounds myofibers in the epimysium (big
arrows). Focal deposits can be observed around individual myocytes in the endomysium (small arrowheads). Small arrows point to the adventitia
of arteries. (B) Higher magnification of the arteries shown in A. OG accumulates in the adventitia (arrows). (C) In a papillary muscle of the heart,
a thick layer of OG accumulates in the epicardium (arrowheads). Thick and focal deposits of OG are visible in the myocardial interstitium (ar-
rows). (D) A coronary artery is surrounded by abundant immunodetectable OG. L — lumen. (A: x90: B: x300: C: x50; D: x200)

Fig. 5. OG immunohistochemical staining of rabbit intestine (A, B) and uterus (C, D). A light and homogenecous staining can be observed in the
muscular (M), epithelial (E). and vascular (V) areas of both. intestine and uterus. Big arrows point to OG around smooth muscle cells, small arrows
around epithelial cells. and arrowheads around vessels. (A, C: x50: B, D: x100).



Fig. 6. OG immunohistochemical staining of rabbit lung (A-C), liver
(D, E), and kidney (F). (A) OG forms a thick layer beneath the bron-
chial epithelium (big arrowheads). Small arrowheads point to OG sur-

rounding cartilaginous tissue. Focal deposits of the protein associate
with the lung alveoli (arrows). (B) A pulmonary artery shows strong
OG immunorreactivity in the adventitia (arrows). OG forms a thin but
detectable rim beneath the arterial endothelium (arrowheads). (C) In
a pulmonary vein, OG accumulates in the adventitia (arrows), media
(M), and intima (arrowheads). (D) The liver parenchyma is devoid of
OG staining (asterisks). Arrowheads and arrows point to OG deposits
around the hepatic duct and portal vein respectively. (E) In the portal
vein, OG is present in the adventitia (arrows) and media (arrowheads).
F: the parenchyma of the Kidney is free of OG (asterisk), whereas the
adventitia of an artery shows a strong staining (arrows). C — cartilage:
D — hepatic duct: M - media; V - portal vein. (A, D, F: x50; B, C. E:

protein accumulated in the intima. End stage atherosclerotic
lesions showed no OG expression in the fibrous plaque, but
an up-regulation in the cells surrounding the plaque was ob-
served. Our results mainly support those from Shanahan and
collaborators [ 15] obtained in injured carotid and atheroscle-
rotic coronary arteries. The localization of OG mRNA in the
neo-intima of advanced lesions is of special interest. Both,
the study of Shanahan and ours revealed expression of OG
in neo-intimal cells close to the lumen, whereas medial
smooth muscle cells close to the neo-intima showed a clear

Fig. 7. In situ hybridization for OG (A. C, F), immunohistochemistry
for OG (E), and immunofluorescence for vascular smooth muscle a-
actin (B, D. G) of Watanabe atherosclerotic lesions. (A, B) Consecu-
tive sections of an early lesion. Alpha-actin-positive smooth muscle
cells of the media (arrows in B) show a normal OG mRNA expression
pattern (arrows in A: compare with Fig. 1A). OG mRNA is also clearly
detectable in the endothelium (arrowheads), but not in the neo-intima
(I). (C=E): Consecutive sections of an advanced lesion. A thick neo-
intima with g-actin-negative cells (I in D) shows OG mRNA expression
only in the cells close to the lumen (arrowheads in C). The a-actin-
positive smooth muscle cells at the inner part of the media (asterisk in
D) show no OG mRNA signal (asterisk in C). OG protein accumulates
in the neo-intima. just beneath the OG expressing cells (arrowheads in
E). (F. G) Consecutive sections of an cnd stage lesion. The cells of the
fibrous plaque are devoid of a-actin protein and OG mRNA (P in G
and F respectively). The cells surrounding the plaque show some OG
expression (arrowheads in F). I = neo-intima: L. — lumen; M — media:
P — plaque. (A. B: x150: C—E: x75: F. G: x50).

down-regulation. In addition, our immunohistochemical
study indicates that the secreted protein accumulates beneath
the OG expressing cells, forming a lamina of immunoreac-
tive material (Fig. 7E). These results suggest that the protein
forms a border for the smooth muscle cells (not expressing
OG) migrating from the media (Figs 7C-7E). Whether OG is
implicated in the migration of medial smooth muscle cells
during the progression of vascular disease remains to be
confirmed. Another relevant finding of our study is the con-
sistent expression of OG mRNA by activated endothelial cells
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as an early event during atherosclerotic progression. This
expression pattern is ectopic because endothelium was never
found positive in any normal tissue. Although the biologi-
cal significance of this finding is unknown, the early ex-
pression in a relatively accessible cell type makes OG an
attractive candidate for possible preventive therapeutic in-
terventions.

The organs analyzed in the present study can be divided
into three groups, based on the amount and distribution of
OG in their extracellular matrices. (1) Striated muscles (heart
and skeletal muscle): abundant foci of OG in the extracellu-
lar space, not exclusively associated with the vasculature but
with myocytes as well. (2) Visceral smooth muscle tissues
(uterus and intestine): abundance of OG distributed not in
foci, but homogeneously around all the extracellular spaces.
(3) Non-muscular tissues (kidney, brain, and pancreas): OG
located exclusively around the vasculature, associated with
the adventitia of vessels. One exception is the lung. This is
the only non-muscular organ studied where OG is abundant
and associated with different histological structures includ-
ing the epithelium, the cartilage, and the alveoli. The accu-
mulation of OG in the portal duct is another remarkable feature.
Our study confirms previous data showing a widespread dis-
tribution of SLRPs in many organs. However, the histological
localization of only three members of the protein family is
currently known in a limited number of organs. Biglycan pro-
tein is abundant in the epidermis and follicular epithelium of
the mammary glands [4]. In the uterus, biglycan surrounds
the glandular epithelium and intramural blood vessels, simi-
lar to the distribution of OG showed in the present study.
Decorin is also abundant in the skin [4], and its localization in
skeletal muscles and vasculature coincides with that of OG
presented here. Moreover, decorin localization in chick aortic
arch vessels shows high homology to OG localization in rab-
bit aortas [ 18]. OG antibodies have been found to react with
chondrocytes, osteocytes, and osteoblasts in rat forelimbs
[14], but no other histological structure was examined in that
study. The study of Shanahan [ 15] however, showed a locali-
zation of OG mRNA in arteries similar to that presented here.
Taken together, all these results show a coincident localiza-
tion of structurally related SLRPs in tissues. We can hy-
pothesize then that structurally related SLRPs have similar
physiological roles in those tissues. The functions of these
SLRPs are most probably related to protein—protein inter-
actions, more precisely to collagen fibrillogenesis. This as-
sumption arrives from several biochemical, in vitro, and in
vivo studies [4,5,9-11, 19-21]. These studies suggest that the
function of SLRPs such as decorin, lumican, proteoglycan-Lb,
and OG is to keep the spatial order of collagen tibers. This
molecular function of SLRPs may determine physical proper-
ties of tissues such as elasticity and tensile strength. Indeed,
adeficit in the lumican gene causes skin laxity and fragility
in mutant mice [11]. In addition decorin, a dermatan sulfate

proteoglycan with a high sequence homology to OG, has been
demonstrated to interact with collagen type I1I in order to
stabilize the large helical configuration of the aortic arch ar-
teries [18]. In our study, abundance of OG was restricted to
anatomical structures where tension and elastic forces play a
crucial role, like uterus, intestine, muscles, lung, ducts, and
vessels. In this regard, the unique distribution of OG in the
pulmonary vasculature, which must adapt to significant physi-
ological changes in flood blow, has special relevance. There-
fore, it is tempting to speculate that OG is implicated in the
regulation of elastic properties of organs.
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