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SUMMARY An increasing amount of evidence indicates that a small extracellular
chondroitin/dermatan sulfate proteoglycan, decorin, is indirectly involved in angiogenesis.
Given that angiogenesis is a sine qua non for tumor growth and progression, we attempted
to examine whether human malignant vascular tumors differ from human benign vascular
tumors in terms of their decorin expression and synthesis. CD31 immunostaining demon-
strated that the human malignant vascular tumors Kaposi’s sarcoma and angiosarcoma were
filled with capillary-like structures, whereas in benign cavernous and capillary hemangiomas,
blood vessels were not as abundantly present. By utilizing in situ hybridization and im-
munocytochemical assays for decorin, we showed that there was no detectable decorin
mRNA expression or immunoreactivity within the tumor mass in the Kaposi’s sarcoma or
angiosarcoma group. Instead, decorin was expressed in the connective tissue stroma lining
the sarcoma tissue. In contrast to sarcomas, in hemangiomas, decorin mRNA expression and
immunoreactivity were observed also within the tumor mass, particularly in the connective
tissue stroma surrounding the clusters of intratumoral blood vessels. Finally, distribution of
type I collagen was found to be similar to that of decorin in these tumor tissues. Our findings
can be explained with different states of angiogenesis in dissimilar growths. In sarcomas,
angiogenesis is extremely powerful, whereas in hemangiomas, angiogenesis has ceased.
Thus, decorin is likely to possess a suppressive effect on human tumor angiogenesis in vivo, as
previously described by studies using different experimental models. Decorin certainly pro-
vides a usable biomarker for distinguishing between benign and malignant vascular tumors
in patients. (J Histochem Cytochem 56:639–646, 2008)
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ANGIOGENESIS INVOLVES degradation of the extracellular
matrix (ECM), proliferation, migration, and capillary
tube formation of endothelial cells, followed by matrix
remodeling (Carmeliet 2003). Molecular markers that
can be used to distinguish physiological and patho-
logical angiogenesis in normal tissues and in various
disease states are required for both diagnostic purposes
and to formulate new therapeutic approaches (Seaman
et al. 2007). Recently it has become evident that normal
and tumor-associated endothelium are extremely dif-

ferent with relation to their gene expression profile.
Furthermore, it has been found that several of the dif-
ferentially expressed genes between normal and tumor-
derived endothelial cells belong to genes encoding ECM
proteins such as a 1 chains of types I and III collagen
(St. Croix et al. 2000). An ECM molecule that has also
been shown to be involved in angiogenesis is decorin,
a multifunctional small chondroitin/dermatan sulfate
proteoglycan of the leucine-rich proteoglycan gene
family (Iozzo 1997). Originally, decorin was connected
to angiogenesis in vitro by demonstrating that cultured
bovine aortic endothelial cells exhibiting a spontaneous
sprouting phenotype initiate the synthesis of decorin
during their morphological transition from a polygonal
monolayer to an angiogenic phenotype (Järveläinen
et al. 1992). Subsequently, decorin’s involvement in
angiogenesis, particularly in association with inflam-
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mation, has been demonstrated in several studies (e.g.,
Schönherr et al. 1999; Nelimarkka et al. 2001; Burke
et al. 2004). Currently, it is thought that decorin is
primarily an inhibitor of angiogenesis (De Lange Davies
et al. 2001; Sulochana et al. 2005; Järveläinen et al.
2006), although opposing views have also been pre-
sented (Schönherr et al. 2005). There is also evidence
available suggesting that the role of decorin in tumor
angiogenesis is suppressive (Grant et al. 2002).

The molecular mechanisms governing decorin’s
involvement in various forms of angiogenesis are still
speculative. However, it is most likely that decorin’s
role in the regulation of angiogenesis is indirect. This
statement can be based, for example, on the fact that
decorin is capable of interacting with and regulating the
activity of a number of growth factors (e.g., Hildebrand
et al. 1994; Penc et al. 1998; Nili et al. 2003) and
growth factor receptors involved in angiogenesis (Reed
et al. 2005; De Luca et al. 2008). Moreover, decorin
can reduce the expression of endogenous vascular
endothelial growth factor mRNA and protein, thereby
influencing angiogenesis (Grant et al. 2002). Further-
more, decorin modulates the formation of fibrillar
pericellular matrix in a way that stabilizes the differ-
entiated endothelial phenotype during angiogenesis
(Kinsella et al. 2000).

In this study we have continued to further inves-
tigate the role of decorin in angiogenesis, particularly
in tumor angiogenesis in patients. Using tissue samples
of the human vascular malignancies Kaposi’s sarcoma
and angiosarcoma, and tissue samples of human be-
nign vascular tumors, hemangiomas, we have specif-
ically aimed to examine whether there is a difference
in the expression of decorin between malignant
and benign vascular growths in vivo. In addition, by
applying in situ hybridization (ISH), we have also
focused our attention on the spatial location of de-
corin mRNA expression within human vascular
tumors and their surrounding tissue. Furthermore,
because decorin is known to interact with collagens
such as type I collagen (Brown and Vogel 1989)
and growth factor receptors, particularly epidermal
growth factor receptor (EGFR) (Iozzo et al. 1999), we
have examined the distribution of both of the above
molecules in the same tumor tissues using immuno-
cytochemistry (ICC).

Materials and Methods

Tissue Specimens

In this study, human malignant (Kaposi’s sarcoma and
angiosarcoma) and benign (capillary and cavernous
hemangiomas) vascular tumor specimens were used.
Kaposi’s sarcoma specimens were derived from skin
of seven patients (five men, two women, mean age
75 years, range 72 to 83 years at the time of diagnosis).

Similarly, angiosarcoma specimens of seven patients
were used (six women and one man, mean age 70 years,
range 28 to 86 years at the time of diagnosis). Hem-
angiomas were collected from skin of eight patients.
Four of the hemangioma specimens were cavernous
hemangiomas and four were capillary hemangiomas.
All sarcoma and hemangioma specimens were obtained
from the archives of Turku University Central Hospital,
Department of Pathology, Turku, Finland. The speci-
mens were classified according to the standard criteria
of Weedon (2002), as recommended by the Interna-
tional Academy of Pathology. All specimens were
fixed in 10% neutral-buffered formalin and, following
paraffin-embedding, 5-mm transverse sections were cut
and used for ICC and ISH analyses.

ICC

ICC analyses were performed as previously described
(Nelimarkka et al. 2001). Briefly, 5-mm transverse
sections of paraffin-embedded tissue specimens were
dewaxed in xylene and rehydrated in a descending
concentration of ethanol, then washed in PBS. Next,
the sections were treated with 0.3% H2O2 in deionized
water for 15 min to block endogenous peroxidase
activity. Nonspecific antibody binding was blocked
by treatment with 2% BSA and 2% normal goat
serum (Vector Laboratories; Burlingame, CA) in PBS
for 30 min. Incubations with primary antibodies were
performed overnight at 4C, then slides were washed
with PBS and incubated for 1 hr with a biotinylated
secondary antibody (dilution 1:200). After rinses with
PBS, the sections were treated with avidin-peroxidase
complex solution (Vector Laboratories) for 35 min.
Visualization of the signal was achieved with DAB
(Vector Laboratories), and the sections were counter-
stained with Papanicolaou hematoxylin and mounted
using Aquamount (BDH Laboratory Supplies; Dorset,
England). In type I collagen immunostaining, unspecific
binding of the primary antibody was blocked by
treatment with 2% BSA and 2% normal goat serum
(Vector Laboratories) in PBS overnight, and incubation
with the primary antibody was performed for 1 hr
at room temperature. PBS used after the primary and
secondary antibody contained 0.2%Tween-20. All pro-
cedures were carried out at room temperature unless
otherwise specified. Control stainings of the tissue sec-
tions were performed as described above, but no
primary antibody was used. Primary antibodies used
in this study were as follows: a polyclonal rabbit anti-
serum LF-136 and LF-67 to human decorin and type I
collagen, respectively (kindly provided by Dr. Larry
Fisher, National Institute of Dental Research, Bethesda,
MD; dilution 1:400 for decorin and 1:100 for type I
collagen) (Fisher et al. 1995), a polyclonal rabbit anti-
serum against EGFR (1005): sc-03 (Santa Cruz Bio-
technology Inc., Santa Cruz, CA; dilution 1:50), and a
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monoclonal mouse antibody to human CD31 (Bio-
Genex, San Ramon, CA; dilution 1:20). For decorin
immunostaining, epitope retrieval was performed with
0.125 U/ml chondroitin ABC lyase (ICN Biomedicals
Inc.; Aurora, OH) in 3 M Tris containing 0.6 mg/ml
BSA and 18 mM sodium acetate, for 1 hr at 37C in a
humid chamber. For EGFR immunostaining, epitope
retrieval was achieved by incubating the slides in pre-
heated sodium citrate buffer (pH 6.0) for 20 min.

ISH

ISH was performed on 5-mm tissue sections by probing
with human decorin antisense and sense single-stranded
RNA riboprobes. A 533-bp fragment containing human
decorin cDNA was cloned into the Eco RI/Hind III
site of pGEM-4Z transcription vector (kindly provided
by Dr. Liliana Schaefer, University of Frankfurt,
Frankfurt am Main, Germany). Linearized plasmid
DNA was purified with QIAquick PCR Purification
Kit (Qiagen; Hilden, Germany) and digoxigenin (DIG)-
labeled sense and antisense RNA probes were syn-
thesized by in vitro transcription with SP6 and T7
polymerases, respectively, by using a DIG RNA Label-
ing Kit (Roche Applied Science; Mannheim, Germany).
Probe quantification was carried out with a DIG Nu-
cleic Acid Detection Kit (Roche Applied Science) and
ISH was performed as described (Laine et al. 1999),
with some minor modifications. Paraffin-embedded
tissue sections were deparaffinized and rehydrated in
decreasing concentrations of ethanol. Air-dried sec-
tions were treated with 0.2 M HCl to improve the
signal-to-noise ratio and then washed twice with 2 3

SSC for 3 min. Cell membranes were permeabilized
by digestion for 15 min at 37C with 20 mg/ml pro-
teinase K in 10 mM Tris, pH 7.4, containing 2 mM
CaCl2. The protease treatment was stopped with 2 g/
liter glycine in PBS, and the specimens were acetylated
with 0.1 M triethanolamine/0.40% acetic anhydride and
dehydrated with rising ethanol series. Subsequently, air-
dried slides were pretreated by ficin (Digest-All; Zymed
Lab Inc, South San Francisco, CA) for 20 min at 37C
before incubation with prehybridization mixture (50%
deionized formamide, 10% dextran sulfate in 4 3 SSC,
1 3 Denhardt’s solution, 2 mM EDTA, and 0.5 mg/ml
denatured salmon sperm DNA) in a moist chamber
at 42C for 2 hr. The hybridization solution contained
the anti-sense and sense RNA probes at a final con-
centration of 60 ng/ml in prehybridization mixture.
Hybridization was carried out overnight at 42C in a
humid chamber. Posthybridization washes were per-
formed for 1 min and 5 min with 2 3 SSC, three times
in 60% formamide in 0.2 3 SSC at 37C, and twice
with 2 3 SSC for 5 min each to remove unbound
probes. Tissue sections were blocked with 3% BSA
in TBS for 30 min, followed by DIG label detection

with alkaline phosphatase-conjugated anti-DIG Fab
fragments (Roche Applied Science; Penzberg, Ger-
many) for 2 hr, at a dilution of 1:2000 anti-DIG Fab
in blocking buffer. Both procedures were carried out
at room temperature in a moist chamber, then slides
were washed twice with 0.05% Triton X-100 in TBS
and once with TBS for 5 min each. Slides were treated
for 2 min with 100 mM Tris, pH 9.5, containing
100 mM NaCl and 50 mM MgCl2 (detection buffer)
before colorimetric detection of DIG-labeled probe.
Visualization of the signal was achieved with 0.34 mg/
ml nitroblue tetrazolium and 0.18 mg/ml 5-bromo-4-
chloro-3-indolyl phosphate in detection buffer. One mM
levamisole was added to the substrate solution to block
endogenous alkaline phosphatase, and the slides were
incubated in a humid chamber for 3 hr at room tem-
perature, overnight at 4C, and again for 2 hr at room
temperature. The reaction was stopped with washing
twice in 10 mM Tris, pH 8.0, containing 1 mM EDTA.
The slides were counterstained with Mayer’s hema-
toxylin and mounted using Aquamount (BDH Labo-
ratory Supplies).

Imaging

The dotslide (.slide) System (Soft Imaging System, An
Olympus Company; Münster, Germany) was used to
create images of tissue sections analyzed by ICC and
ISH as described above.

Results

Highly Vascularized Kaposi’s Sarcomas Lack Decorin

Kaposi’s sarcoma is a malignant neoplasm derived
from vascular or lymphatic endothelium. Hematoxylin
and eosin (HE) staining of Kaposi’s sarcoma tissue
specimen revealed a round tumor mass in the center of
the tissue section (Figure 1A). The tumor was highly
vascularized, as indicated by immunostaining with
an antibody to the endothelial cell marker CD31 (Fig-
ures 1B and 1E). ISH and immunostaining of serial
sections of the specimen for decorin demonstrated that
the tumor, including all capillary blood vessel–like
structures within it, was completely devoid of decorin
mRNA expression (Figures 1C and 1F) and immuno-
reactivity (Figure 1D). In contrast, decorin mRNA was
readily detected around the tumor mass, the most in-
tense decorin expression residing in the connective
tissue stroma surrounding the tumor mass (Figures 1C
and 1F). Interestingly, the type I collagen staining pat-
tern followed that of decorin (compare Figure 1G to
1D). The tumors of Kaposi’s sarcoma were devoid
of detectable immunoreactivity for EGFR (data not
shown). The possibility that the lack of staining was
due to methodological reasons was excluded by demon-
strating a clear immunoreactivity for EGFR of the
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healthy epidermis and numerous glands residing out-
side the tumor tissue (data not shown).

Angiosarcomas Are Also Devoid of Decorin Expression
and Immunoreactivity

Malignant proliferation of blood vessels is called angio-
sarcoma. Immunostaining of the angiosarcoma tissue

specimen (Figure 2A) with an antibody to endothelial
cell marker CD31 demonstrated, as expected, that the
tumor was enriched with capillary blood vessels (Fig-
ure 2B). ISH and immunostaining assays for decorin
indicated that the tumor mass of angiosarcoma, simi-
larly to Kaposi’s sarcoma, was completely negative for
both decorin mRNA expression and immunoreactivity

Figure 1 Lack of decorin expression by
highly vascularized Kaposi’s sarcoma.
ICC and ISH analyses of serial sections
of a representative Kaposi’s sarcoma
tissue specimen. (A) Hematoxylin and
eosin (HE) staining. (B) Staining with an
antibody to the endothelial cell marker
CD31. (C) ISH for human decorin. (D)
Distribution of decorin identified with
LF-136 antiserum for human decorin.
Boxed regions shown in B and C rep-
resent corresponding areas in serial
tissue sections of the same specimen,
and magnified illustrations of these
regions are shown in E and F, respec-
tively. (G) Distribution of type I colla-
gen identified with LF-67 antiserum
for human type I collagen. ICC reac-
tions are brown and, counterstain for
nuclei by hematoxylin is blue. Positive
digoxigenin (DIG) reaction in ISH as-
say can be seen in purple. Arrows (E,F)
indicate the border between Kaposi’s
sarcoma and surrounding tissue. Bars:
A–D,G 5 200 mm; E,F 5 50 mm.
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(Figures 2C and 2D). Instead, decorin was expressed
in detectable amounts in the connective tissue stroma
next to the sarcoma tumor (Figure 2C). The same area
was also positive for decorin immunoreaction (Fig-
ure 2D). As in Kaposi’s sarcomas, in angiosarcomas,
the type I collagen staining pattern followed that of
decorin (Figure 2E). No immunoreactivity for EGFR
was detected within angiosarcomas (data not shown).

Hemangiomas, Unlike Kaposi’s Sarcoma and
Angiosarcoma, Contain Detectable Amounts of
Decorin mRNA and Are Positive for Decorin and
Type I Collagen Immunostaining

The vast majority of vascular lesions are represented by
benign hemangiomas (Hunt and Santa Cruz 2004). His-

tological sections of cavernous aswell as capillary heman-
gioma tissue specimens were used to examine whether
decorin is detected in cases where the growth of vascular
neoplasm has ceased. HE staining (Figures 3A and 3F) in
combination with ICC using endothelial cell marker
CD31 (Figures 3B and 3G) revealed blood vessel–rich
morphology for cavernous and capillary hemangiomas,
respectively. When serial sections of these hemangioma
specimens were analyzed for decorin by ISH and im-
munostaining, decorin mRNA expression and immuno-
reactivity could be detected within the hemangiomas. The
expression and immunoreactivity of decorin within the
hemangiomas were most prominent in the connective tis-
sue stroma surrounding the blood vessels (Figures 3C, 3D,
3H, and 3I). A similar observation was made for type I
collagen (Figures 3E and 3J). Similarly to Kaposi’s

Figure 2 Angiosarcomas are also de-
void of decorin. ICC and ISH analyses
of serial sections of a representative
specimen of angiosarcoma. (A) HE
staining. (B) Staining with an antibody
to the endothelial cell marker CD31.
(C) ISH for human decorin. (D) Distri-
bution of decorin identified with LF-
136 antiserum for human decorin.
(E) Distribution of type I collagen
identified with LF-67 antiserum for
human type I collagen. ICC reactions
are brown and counterstain for nuclei
by hematoxylin is blue. Positive DIG
reaction in ISH assay can be seen in
purple. Arrowheads (B–E) indicate the
border between the angiosarcoma
and its surrounding tissue. Asterisks
in C show an area positive for decorin
mRNA expression around the tumor.
Asterisks in D,E show the location of
positive immunoreactivity for decorin
and type I collagen. Bar 5 200 mm.
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sarcomas and angiosarcomas, hemagiomas did not show
detectable immunoreactivity for EGFR (data not shown).

Discussion

A fundamental finding of this study has been the
demonstration of the fact that Kaposi’s sarcoma and

angiosarcoma, both of which represent malignant
vascular neoplasms, completely lack decorin mRNA
expression and immunoreactivity, whereas benign vas-
cular tumors, namely hemangiomas, express decorin in
readily detectable amounts. This differential expression
pattern of decorin suggests that decorin is a useful bio-
marker for distinguishing between benign and malig-

Figure 3 Cavernous and capillary hemangiomas
show positivity for decorin mRNA and also have
immunoreactivity for decorin. ICC and ISH analyses
of serial sections of representative cutaneous cav-
ernous (A–E) and capillary (F–J) hemangioma tissue
specimens. (A,F) HE staining. (B,G) Staining with an
antibody to the endothelial cell marker CD31. (C,H)
ISH for human decorin. (D,I) Distribution of decorin
identified with LF-136 antiserum for human decorin.
(E,J) Distribution of type I collagen indentified with
LF-67 antiserum for human type I collagen. Both
types of hemangiomas contain numerous blood
vessel structures (asterisks in B,G). Arrowheads (C–
E) indicate border of the connective tissue stroma
surrounding selected intratumoral blood vessels
in cavernous hemangioma. Arrows (H–J) indicate
connective tissue stroma surrounding intratumoral
blood vessels in capillary hemangioma. ICC reac-
tions are brown and counterstain for nuclei by
hematoxylin is blue. Positive DIG reaction in ISH
assay can be seen in purple. Bar (A–E, F–J)5 200 mm.
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nant vascular growths in patients. In addition, because
angiogenesis in vascular sarcomas is frequent, contrary
to angiogenesis in hemangiomas, the differential ex-
pression pattern of decorin within Kaposi’s sarcoma
and angiosarcoma tissues in comparison with heman-
giomas supports the possibility that decorin displays an
inhibitory effect on human tumor angiogenesis in vivo.
Earlier studies utilizing cell culture and animal models
have been consistent with this possibility (Grant et al.
2002). The study results are also consistent with pre-
vious findings indicating that decorin is rarely ex-
pressed by actively proliferating or transformed cells
(Iozzo 1997), but its expression is upregulated in cases
such as quiescence of vascular smooth muscle cells
(Asundi and Dreher 1992). It has also been demon-
strated that ectopic expression or overexpression of
decorin in cancer cells of various histogenic origins
causes increased expression of cdk-inhibitor p21 WAP/CIP

(De Luca et al. 1996; Santra et al. 1997; Moscatello
et al. 1998; Schönherr et al. 2001), an inhibitor of cell
proliferation (Santra et al. 1997; Reed et al. 2002).
Moreover, regarding decorin’s involvement in tumor
growth in vivo, it has been shown that decorin is dif-
ferentially expressed in many tumors, including human
colon cancer (Adany et al. 1990), basal cell carcinoma
(Hunzelmann et al. 1995), pancreatic tumor (Köninger
et al. 2004), and thyroid tumor (Arnaldi et al. 2005).
Furthermore, in a recent study, a reduced expression
of decorin was associated with poor prognosis of soft
tissue tumors (Matsumine et al. 2007), a finding that is
also applicable to this study. Breast cancer research has
also produced these findings (Troup et al. 2003). The
possibility that the lack of decorin immunoreactivity
within malignant vascular tumors is due to the fixative
(10% neutral buffered formalin) is dismissed because
fixation protocol was equal for both malignant and be-
nign tissues. Consequently, the lack of decorin mRNA
detection by ISH in malignant tumors is in line with the
unobserved decorin immunoreactivity.

In addition to demonstrating that decorin is not ex-
pressed within Kaposi’s sarcoma or angiosarcoma
tissue, we have shown in this study that decorin is ex-
pressed in abundant amounts in the areas lining these
human malignant vascular tumors. Thus, because de-
fining the borders of vascular sarcomas reliably is not
always possible in clinical practice (e.g., whether the
sarcoma tissue has been completely excised during sur-
gery), the determination of the spatial location of
decorin expression in sarcoma is a highly useful tool. In
addition, the strong expression of decorin surrounding
the sarcoma mass can be considered as an indication
of excessive ECM production, probably representing
a protective reaction of the healthy tissue against the
invading tumor (Köninger et al. 2004; Matsumine et al.
2007). Indeed, it has been shown that the invading
tumor cells induce a specific stromal reaction (desmo-

plastic reaction) in the host cells, resulting in a stroma
being composed of several different interstitial con-
nective tissue molecules, including collagens, proteo-
glycans, and glycosaminoglycans (Desmoulière et al.
2004). Many of them, including type I collagen and
decorin, have been linked to such essential steps in
tumor growth as angiogenesis, tumor cell migration,
and invasion (Grant et al. 2002; Honma et al. 2007).

High expression of EGFR by tumor cells and/or
tumor endothelial cells has been correlated with in-
creased angiogenesis (Moon et al. 2006). On the other
hand, decorin has been shown to interact with EGFR
and to activate specific signaling pathways leading to
e.g., cell cycle arrest (Moscatello et al. 1998). There-
fore, we attempted to determine whether the mecha-
nism whereby decorin contributes to the growth of
vascular tumors is mediated through EGFR. By utiliz-
ing ICC, we examined the existence of EGFR in malig-
nant and benign vascular tumors. Our results showed
that EGFR is not present in detectable amounts in either
type of tumor. Thus, it is unlikely that decorin’s con-
tribution to the growth of vascular tumors is mediated
through EGFR. Consequently, it is also unlikely that
EGFR plays a role in vascular tumorigenesis.

In conclusion, we have shown that there is a striking
difference in decorin expression between human malig-
nant and benign vascular tumors; i.e., within Kaposi’s
sarcoma and angiosarcoma the expression of decorin
is completely lacking, whereas within hemangiomas,
decorin is expressed in detectable amounts. This sug-
gests that decorin is a usable biomarker for distinguish-
ing between malignant and benign vascular neoplasms.
We have also shown that in Kaposi’s sarcoma and
angiosarcoma, decorin expression is upregulated in the
areas surrounding these human vascular tumors. Thus,
the determination of decorin expression in tissue spec-
imens of human vascular neoplasms provides an ap-
plicable tool for localizing the border of healthy and
diseased tissue. Immunostaining results of type I col-
lagen indicate the same conclusion to be true for this
collagen type as well. Finally, our findings provide op-
portunities for developing a new strategy for the future
treatment of human vascular malignancies.
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