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CD10S expression in oral capillary hemangiomas and
cavernous hemangiomas
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Abstract: Capillary hemangioma (capillary lobular
hemangioma) and cavernous hemangioma (venous
malformation) are relatively common oral tumors/
malformations and are characterized by increased
numbers of normal and abnormal blood vessels.
However, the causes of these lesions are not well
understood. CD105 (endoglin) is predominantly
expressed in proliferating blood endothelial cells
(ECs). We analyzed expressions of CD105, CD34, von
Willebrand factor, Ki-67, cyclooxygenase-2 (COX-2),
and vascular endothelial growth factor (VEGF)-A in
31 capillary hemangiomas and 34 cavernous heman-
giomas. Staining scores were calculated as the product
of the proportion score and intensity score. Morpho-
logically normal oral mucosa specimens (n = 10) were
simultaneously evaluated as normal controls. As
compared with cavernous hemangiomas and normal
controls, capillary hemangiomas had higher staining
scores for CD105, VEGF-A, and COX-2. The Ki-67
labeling index was significantly higher in capillary
hemangiomas than in cavernous hemangiomas and
normal controls (P < 0.01). These findings suggest
that the biological characteristics of capillary and
cavernous hemangiomas are quite different. The ECs
of capillary hemangiomas actively proliferated and
were generally regulated by VEGF-A. In contrast, the
ECs of cavernous hemangiomas lacked proliferative
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activity. These results suggest that angiogenesis and
vasodilatation of pre-existing blood vessels are impor-
tant in the development of capillary hemangioma and
cavernous hemangioma, respectively.
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Introduction

Hemangioma is one of the most common soft tissue
tumors and represents 7% of all benign tumors (1).
The head and neck are commonly affected, and the oral
cavity is the most frequent site, accounting for 14% of
all cases (1). Capillary and cavernous hemangiomas
are the most frequent variants. The etiology of heman-
giomas is controversial. Only some hemangiomas are
true neoplasms; others are more likely to represent
malformations (1). Capillary hemangioma is classified as
a true tumor by the International Society for the Study
of Vascular Anomalies (ISSVA) (2; http://issva.org/
content.aspx?page_id=0&club_id=298433&module
id=152904) but is classified as a pyogenic granuloma
(lobular capillary hemangioma) in the World Health
Organization (WHO) classification of skin tumors (3).
Chiu et al. reported that capillary hemangiomas exhibit
clonal X-chromosome inactivation and should thus be
considered true neoplasms (4). In contrast, cavernous
hemangioma is considered a venous malformation by the
ISSVA and WHO (2,3).

Several markers are used to identify blood endothelial
cells (ECs), including CD34, von Willebrand factor
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(VWF), and CD105 (endoglin). CD34 is a 110-kDa
transmembrane glycoprotein with high specificity in
blood ECs, lymphohematopoietic stem and progenitor
cells, and leukemic cells (5). Factor VIII/VWF complex
is a large glycoprotein with a multimeric structure and a
wide range of masses, from 500 to more than 10,000 kDa.
vWF is widely used as a blood endothelial cell marker.
It mediates platelet adhesion and thrombus formation at
sites of vascular injury and serves as a carrier for factor
VIII in plasma, protecting the circulating coagulation
enzyme from proteolytic degradation (6). The protein is
present in plasma, platelets, megakaryocytes, and endo-
thelial cells of the vessel wall (7). CD105 is a 180-kDa
homodimeric transmembrane protein that acts as a
component of the transforming growth factor-f§ receptor
complex and binds TGFB1 and TGFB3 with high affinity
(8,9). It is expressed by actively proliferating ECs and
is important in angiogenesis, vascular homeostasis,
and cardiovascular development (10). Vascular endo-
thelial growth factor A (VEGF-A) is a key regulator
of angiogenesis and enhances blood EC proliferation,
migration, and differentiation (11). It is expressed in a
variety of tissue and cells, including the endometrial
gland, salivary gland, and mucosa of the gastrointestinal
tract. In addition, VEGF-A is identified in plasma cells,
fibroblasts, lymphocytes, plasma in the lumen of some
blood vessels, focal areas of the interstitium (12), and
in hypoxic conditions (11). VEGF-A is believed to be
a causative cytokine in infantile hemangioma (13).
Cyclooxygenase-2 (COX-2) is an inducible enzyme
involved in metabolic conversion of arachidonic acid to
prostaglandins and is important in angiogenesis (14,15).

We investigated the biological characteristics of
capillary and cavernous hemangiomas by determining
expression levels of the endothelial cell markers CD34,
vWEF, and CD105 and angiogenic factors VEGF-A and
COX-2.

Materials and Methods

Patients and samples

Thirty-one cases of capillary hemangioma and 34 cases
of cavernous hemangioma diagnosed between 2004
and 2010 were extracted from the pathology records of
Nihon University School of Dentistry Dental Hospital.
Cases with findings of papillary endothelial hyperplasia
were excluded from the analysis. Nonpathologic mucosa
specimens were used as normal controls. All case records
were reviewed by certified oral pathologists (NM, KK).
Among the 31 cases of capillary hemangioma, 18
(58.1%) of the patients were male and 13 (41.9%) were
female; mean patient age was 56.7 + 16.9 years (range,

Table 1 Comparison of clinical features of oral hemangioma
cases

Capillary hemangioma Cavernous hemangioma

(n=31) (n=34)

Age (years, mean + SD) 56.7+16.9 59.1+17.8
Gender

Male 18 (58.1%) 13 (38.2%)

Female 13 (41.9%) 21 (61.8%)
Tumor site

Buccal mucosa 14 (45.2%) 14 (41.2%)

Tongue 11 (35.5%) 7 (20.6%)

Lip 3(9.7%) 12 (35.3%)

Gingiva 2 (6.5%) 1(2.9%)

Palate 1 (3.2%) 0(0.0%)

7-83 years). Most lesions were located on buccal mucosa
(45.2%), followed by the tongue (35.5%), lip (9.7%),
gingiva (6.5%), and palate (3.2%). Among the 34 cases of
cavernous hemangioma, 13 (38.2%) of the patients were
male and 21 (61.8%) were female; mean patient age was
59.1 4 17.8 years (range, 19-83 years). Most lesions were
located on buccal mucosa (41.2%), followed by the lip
(35.3%), tongue (20.6%), and gingiva (2.9%). The case
profiles are summarized in Table 1. The normal controls
were 10 samples of oral mucosa without inflammation
or neoplasm. All specimens obtained from surgically
excised tissues were routinely fixed in 10% neutral buft-
ered formalin and embedded in paraffin. Serial sections
(thickness, 4 pm) were cut from each paraffin block and
used for hematoxylin and eosin staining and immuno-
histochemical evaluation. This study was approved by
the Ethical Committee of Nihon University School of
Dentistry (2007-25).

Immunohistochemistry

The sections obtained from paraffin-embedded tissues
were incubated with anti-human CD34, vWF, CD105,
Ki-67, VEGF-A, and COX-2 antibodies. Briefly, after
deparaffinization and rehydration, the sections were
subjected to epitope retrieval by protease digestion
or heat treatment. The sections were incubated with
primary antibodies for 2 h at room temperature, after
which endogenous peroxidase activity was quenched by
incubating them with 3% hydrogen peroxide for 5 min
at room temperature. The slides were then incubated
with horseradish peroxidase-labeled secondary antibody
(Envision, K1491, Dako, Glostrup, Denmark) for 45
min at room temperature. All slides were visualized
with 3,3’-diaminobenzidine (Sigma-Aldrich, St. Louis,
MO, USA). Sections were counterstained with Mayer’s
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Antibody Clone Dilution Pretreatment Manufacturer

CD34 QBEnd 1/100 CB, Heat Dako, Glostrup, Denmark

vWF * 1/200 Trypsin Invitrogen, Waltham, MA, USA

CDI105 SN6h 1/10 Proteinase K Dako, Glostrup, Denmark

COX-2 * 1/100 CB, Heat Abcam, Cambridge, UK

VEGEF-A * 1/100 None Santa Cruz Biotechnology, Dallas, TX, USA
Ki-67 MIB-1 1/150 CB, AC Dako, Glostrup, Denmark

vWF, von Willebrand factor; COX-2, cyclooxygenase-2; VEGF-A, vascular endothelial growth factor A; CB, citrate buffer; Heat, incubation

at 98°C for 20 min; AC, autoclave
*rabbit polyclonal antibody

i . 4 TN =]

Fig. 1 Histologic findings of capillary and cavernous hemangi-
omas. (A) Capillary hemangioma showing lobular proliferation of
numerous blood vessels, which occasionally contain inflammatory
cells. (B) Cavernous hemangioma showing dilated blood spaces,
with vessels separated by focally hyalinized fibrous connective
tissue. (1A, 1B; "10 objective lens)

hematoxylin. The antibodies and staining conditions are
summarized in Table 2. Appropriate positive and nega-
tive controls were used.

Evaluation of staining score
The immunohistochemical staining pattern was analyzed

using light microscopy. Expression levels of CD34,
vWF, and CD105 in blood ECs were reported as staining
scores. Staining score (0-9) was calculated using a modi-
fication of the method of Wakulich (16) and expressed
as the product of the staining proportion score (0-3)
and staining intensity score (0-3). The staining propor-
tion score of 0-3 was determined as follows: 0, 0%; 1,
0%-20%; 2, 20%-50%; and 3, 50%-100% positive rate
of blood ECs. Instead of number of positive ECs, the
number of VEGF-A- and COX-2-positive cells in 10 high
power fields were counted. The proportion score of 0-3
was determined as follows: 0, absence; 1, lower one-third
of the number; 2, median one-third of the number; and
3, higher one-third of the number. The staining intensity
score of 0-3 was determined as follows: 0, absence of
staining; 1, weak staining; 2, moderate staining; and 3,
generalized intense staining. The Ki-67 labeling index
was defined as the average percentage of Ki-67-positive
nuclei in ECs within five different blood vessels.

Statistical analysis

Staining scores and Ki-67 labeling indices were statisti-
cally compared using non-repeated measures ANOVA
with Student-Newman-Kuels test correction. A P-value
of <0.05 was considered to indicate statistical signifi-
cance.

Results
Capillary hemangiomas showed lobular proliferation of
numerous blood vessels, which occasionally contained
inflammatory cells. In contrast, cavernous hemangiomas
showed dilated blood spaces, with vessels separated by
focally hyalinized fibrous connective tissue (Fig. 1).
Expression levels of the endothelial markers CD34, vWF,
and CD105 and angiogenic factors VEGF-A and COX-2
were examined by a semiquantitative method using
staining score (0-9), ie, the product of proportion score
(0-3) and intensity score (0-3). Proportion, intensity, and
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Table 3 Staining scores, proportion scores, and intensity scores for capillary hemangiomas, cavernous hemangiomas, and

normal controls

Normal control

Capillary hemangioma

Cavernous hemangioma

(n=10) (n=31) (n=34)
CD34 SS 0 1 2 3 4 6 9 0 1 2 3 4 6 9 0 1 2 3 4 6 9
n 0 0 0 0 0 1 9 0 0 1 0 11 15 8 8 12 3 2 1 0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (12.9%) (6.5%) (0.0%) (32.3%) (48.4%) (23.5%) (23.5%) (35.3%) (8.8%) (5.9%) (2.9%) (0.0%)
PS 0 1 2 3 0 1 2 3 0 1 2 3
n 0 0 0 10 0 5 8 18 8 8 14 4
(0.0%) (0.0%) (0.0%) (100.0%) (0.0%) (16.1%) (25.8%)  (58.1%) (23.5%) (23.5%) (412%) (11.8%)
IS 0 1 2 3 0 1 2 3 0 1 2 3
n 0 0 1 9 0 0 7 24 8 23 3 0
(0.0%) (0.0%) (10.0%)  (90.0%) (0.0%) (0.0%) (22.6%) (71.4%) (23.5%) (67.6%) (8.8%) (0.0%)
CD105 SS 0 1 2 3 4 6 9 0 1 2 3 4 6 9 0 1 2 3 4 6 9
n 7 1 2 0 0 0 0 2 0 1 2 10 16 22 7 3 0 1 1 0
(70.0%) (10.0%) (20.0%) (0.0%) (0.0%) (0.0%) (0.0%)  (6.5%) (0.0%) (0.0%) (3.2%) (6.5%) (32.3%) (51.6%)  (6.5%) (20.6%) (8.8%) (0.0%) (2.9%) (2.9%) (0.0%)
PS 0 1 2 3 0 1 2 3 0 1 2 3
n 7 2 1 0 1 1 3 26 23 8 3 0
(70.0%) (20.0%) (10.0%) (0.0%) (3.2%) (3.2%) (9.7%)  (83.9%) (67.6%) (23.5%) (8.8%) (0.0%)
IS 0 1 2 3 0 1 2 3 0 1 2 3
n 7 2 1 0 1 1 11 18 22 8 3 1
(70.0%) (20.0%) (10.0%) (0.0%) (3.2%) (3.2%) (35.5%)  (58.1%) (64.7%) (23.5%) (8.8%) (2.9%)
vWF  SS 0 1 2 3 4 6 9 0 1 2 3 4 6 9 0 1 2 3 4 6 9
n 0 0 0 0 3 5 2 7 3 4 2 1 10 4 10 10 2 3 2 0
0.0%) (0.0%) (0.0%) (0.0%) (30.0%) (50.0%) (20.0%) (22.6%) (9.7%) (12.9%) (6.5%) (3.2%) (32.3%) (12.9%) (29.4%) (29.4%) (20.6%) (5.9%) (8.8%) (5.9%) (0.0%)
PS 0 1 2 3 0 1 2 3 0 1 2 3
n 0 0 6 4 5 5 5 16 10 16 7 1
(0.0%) (0.0%) (60.0%)  (40.0%) (16.1%) (16.1%) (16.1%)  (51.6%) (29.4%) (47.1%) (20.6%) (2.9%)
IS 0 1 2 3 0 1 2 3 0 1 2 3
n 0 0 5 5 7 7 11 6 10 13 8 3
(0.0%) (0.0%) (50.0%)  (50.0%) (22.6%) (22.6%) (35.5%) (19.4%) (29.4%) (38.2%) (23.5%) (8.8%)
VEGF-A SS 0 1 2 3 4 6 9 0 1 2 3 4 6 9 0 1 4 6 9
n 0 0 5 0 3 2 0 0 0 1 2 7 17 1 0 12 9 5 0
(0.0%) (0.0%) (50.0%) (0.0%) (30.0%) (20.0%) (0.0%)  (0.0%) (0.0%) (12.9%) (3.2%) (6.5%) (22.6%) (54.8%)  (2.9%) (0.0%) (20.6%) (35.3%) (26.5%) (14.7%) (0.0%)
PS 0 1 2 3 0 1 2 3 0 1 2 3
n 0 4 5 1 0 2 7 22 1 12 18 3
(0.0%) (40.0%) (50.0%) (10.0%) (0.0%) (6.5%) (22.6%) (71.0%) (2.9%) (35.3%) (52.9%) (8.8%)
IS 0 1 2 3 0 1 2 3 0 1 2 3
n 0 1 8 1 0 3 8 20 1 7 12 14
(0.0%) (10.0%) (80.0%)  (10.0%) (0.0%) (9.7%) (25.8%) (64.5%) (2.9%) (20.6%) (382%) (41.2%)
COX-2 SS 0 1 2 3 4 6 9 0 1 2 3 4 6 9 0 1 2 3 4 6 9
n 0 1 4 0 4 1 0 2 1 8 2 13 0 11 5 10 6 2 0 0
(0.0%) (10.0%) (40.0%) (0.0%) (40.0%) (10.0%) (0.0%)  (6.5%) (3.2%) (16.1%) (25.8%) (6.5%) (41.9%) (0.0%) (32.4%) (14.7%) (29.4%) (17.6%) (5.9%) (0.0%) (0.0%)
PS 0 1 2 3 0 1 2 3 0 1 2 3
n 0 1 8 1 2 1 9 19 10 22 2 0
(0.0%) (10.0%) (80.0%) (10.0%) (6.5%) 3.2) (29.0%) (61.3%) (0.0%) (64.7%) (5.9%) (2.9%)
IS 0 1 2 3 0 1 2 3 0 1 2 3
n 0 5 5 0 2 14 13 2 11 5 12 6
(0.0%) (50.0%) (50.0%) (0.0%) (6.5%) (45.2%) (41.9%) (6.5%) (32.4%) (14.7%) (353%) (17.6%)

SS, staining score; PS, proportion score; IS, intensity score

staining scores are summarized in Table 3 and Fig. 2.

CD34

Strong immunohistochemical staining was seen in the
submucosa of normal control capillaries (Fig. 2A). Capil-
lary hemangiomas exhibited moderate-to-strong CD34
staining of blood ECs (Fig. 2B). The staining intensity of
CD34 was lower in cavernous hemangiomas (Fig. 2C); 7
(20.6%) of the 34 cavernous hemangioma cases analyzed
were completely negative for CD34 protein expression.
CD34 staining score was significantly higher in normal

control samples (8.7 + 0.9) than in capillary hemangiomas
(6.8 £2.5, P<0.01) and cavernous hemangiomas (1.6 £
1.4, P<0.01) (Fig. 3A)

vWF

Strong staining intensity was seen in normal controls
(Fig. 2D). Capillary hemangiomas exhibited moderate
staining intensity (Fig. 2E), but cavernous hemangiomas
exhibited weak expression (Fig. 2F). Staining score
was significantly higher in normal controls (6.0 + 1.8)
than in capillary hemangiomas (3.8 + 3.1, P < 0.05) and
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Fig. 2 Immunohistochemical findings for endothelial cell markers and angiogenic factors. Expressions of CD34, vWF, CD105, VEGF-A,
COX-2, and Ki-67 were investigated in normal controls, capillary hemangiomas, and cavernous hemangiomas. (A) Normal controls
showed intense expression of CD34 (SS =9, PS = 3, IS = 3); CD34 expression gradually decreased in (B) capillary hemangiomas (SS =
6, PS =3, IS = 2) and (C) cavernous hemangiomas (SS =1, PS = 1, IS = 1). (D) Expression of vVWF was higher in normal controls (SS =
9, PS =3, IS = 3) than in (E) capillary hemangiomas (SS =4, PS =2, IS = 2) and (F) cavernous hemangiomas (SS =0, PS =0, IS = 0).
(G) CD105 expression was rarely seen in normal controls (SS = 0, PS = 0, IS = 0); however, (H) capillary hemangiomas showed intense
expression (SS =9, PS =3, IS = 3). (I) CD105 expression was very similar in cavernous hemangiomas and normal controls (SS = 0, PS
=0, IS =0). (J) Few VEGF-A-positive cells were identified in normal controls (arrows, positive cells; SS =1, PS =1, IS = 1); however,
(K) VEGF-A-positive cells were dispersed in the stromal tissue in capillary hemangiomas (SS =9, PS = 3, IS = 3). (L) VEGF-A-positive
cells were occasionally found in cavernous hemangiomas (arrows, positive cells; SS =4, PS =2, IS = 2). (M) COX-2-positive cells were
rarely seen in the stroma of normal controls (arrows, positive cells; SS =2, PS=2,1S =1). (N) COX-2-positive cells were frequently found
in capillary hemangiomas (SS =4, PS =2, IS = 2) and (O) occasionally observed in cavernous hemangiomas (arrows, positive cells; SS
=2,PS=2,1IS =1). (P) Ki-67 expression was negative in normal controls. In contrast, (Q) blood ECs often expressed Ki-67 in capillary
hemangiomas. (R) A few positive cells were seen in cavernous hemangiomas. (2A-2R; x40 objective lens)
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Fig. 3 Staining scores for blood endothelial markers, angiogenic factors, and Ki-67 labeling index.

To determine expression levels of the endothelial markers CD34, vWE, and CD105 and angiogenic factors VEGF-A and COX-2, staining
scores were obtained by calculating the product of the proportion score (0-3) and intensity score (0-3). The Ki-67 labeling index was
calculated as the percentage of 10 high-power field measurements. (* P < 0.05, ** P <0.01)

cavernous hemangiomas (1.6 + 1.7, P <0.01). Moreover,
staining score significantly differed (P < 0.01) between
the two types of hemangiomas (Fig. 3B).

CD105

CD105 expression was seen in only a few vessels in
the submucosa of normal control (Fig. 2G). All capil-
lary hemangioma cases showed moderate-to-strong
CD105 staining of blood ECs (Fig. 2H). Nine (26.5%)
of the 34 cavernous hemangioma cases analyzed were
completely negative for CD105 (Fig. 2I). The staining
score for CD105 was significantly higher in capillary
hemangiomas (7.1 £ 2.6) than in normal controls (0.5 +
0.8) and cavernous hemangiomas (0.7 = 1.3) (P < 0.01
for both comparisons, Fig. 3C).

VEGF-A
Positive staining for VEGF-A was identified in stromal

fibroblasts and macrophages. A small number of VEGF-
A-positive cells were seen in normal controls (Fig. 2J).
Capillary hemangiomas showed moderate-to-strong
staining (Fig. 2K). VEGF-A staining intensity was lower
in cavernous hemangioma cases (Fig. 2L). Staining score
was significantly higher for capillary hemangiomas (3.4
+ 1.6) than for normal controls (6.9 + 2.7, P < 0.01) and
cavernous hemangiomas (3.4 + 1.4, P <0.01) (Fig. 3D).

COX-2

COX-2-positive staining was observed in stromal fibro-
blasts and macrophages. The number of COX-2-positive
cells was lower in normal controls (Fig. 2M). All capil-
lary hemangiomas showed weak-to-moderate staining
(Fig. 2N). Cavernous hemangiomas had the fewest
COX-2-positive cells (Fig. 20). Staining scores were
significantly higher for capillary hemangiomas (3.9 +
2.0) than for normal controls (3.1 = 1.5, P < 0.05) and



cavernous hemangiomas (1.5 + 1.3, P < 0.01) (Fig. 3E)

Ki-67

Ki-67-positive ECs were rare in normal control cases
(Fig. 2P); however, ECs were frequently positive in capil-
lary hemangiomas (Fig. 2Q). Cavernous hemangioma
cases had a few Ki-67-positive ECs (Fig. 2R). The Ki-67
labeling index was significantly higher for capillary
hemangiomas (12.9 + 7.0%, P < 0.01) than for cavernous
hemangiomas (0.2 = 0.6%, P <0.01) and normal controls
(0.0+0.0%, P<0.01) (Fig. 3F). Positive cell nuclei were
more swollen than negative cell nuclei.

Discussion

We determined expressions of three endothelial cell
markers (CD34, vWF, and CD105) and two angiogenic
factors (VEGF-A and COX-2) in capillary and cavernous
hemangiomas in order to investigate the biological
characteristics of these hemangiomas. Staining scores
for CD105, VEGF-A, and Ki-67 labeling indices were
significantly higher for capillary hemangiomas than for
cavernous hemangiomas or normal controls.

CD34 staining score was significantly higher for
normal mucosa than for cavernous hemangiomas.
CD34-positive score was lower for capillary heman-
giomas than for normal mucosa; however, the difference
was not significant. Some previous studies showed that
CD34 expression was positive in capillary hemangiomas
(17-22). Wood et al. found that although CD34 was
highly expressed in pre-ECs and in vessels formed by
vasculogenesis and angiogenesis, expression was low
in vessels formed by coalescence (23). Thus, capillary
hemangiomas are likely formed by vasculogenesis or
angiogenesis.

We observed strong expression of CDI105 in all
capillary hemangiomas. This finding confirms previous
results (24,25). In the present study, CD105 expression
was very weak in cavernous hemangiomas and normal
tissues. Soares et al. hypothesized that CD105 could
be used to distinguish newly forming vessels from
pre-existing vessels (24). CD105 is a co-receptor of
TGF-B1 and -p3. TGF-P is a widely expressed cytokine
that regulates cellular responses in ECs and has been
implicated in vascular malformations (26). Inhibition of
CD105 activity in human umbilical vein cells suppressed
VEGF-induced EC migration and angiogenesis (27).
Thus, CD105 is required for efficient VEGF-induced
angiogenesis. CD105 was rarely expressed in ECs of
normal controls and cavernous hemangiomas, which
suggests that it mediates EC proliferation and migration
in capillary hemangiomas but not in cavernous heman-
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giomas.

Expression of vWF was higher in normal controls
than in capillary hemangiomas and cavernous heman-
giomas. These findings confirm those of earlier studies
(28). In our study, staining scores for vVWF expression
were almost equal for capillary and cavernous heman-
giomas. Saul et al. showed that capillary and cavernous
hemangiomas exhibited strong and weak-to-moderate
positivity, respectively (17). Expression of vWF is lower
in capillary hemangiomas and cavernous hemangiomas
than in normal tissue.

The Ki-67 labeling index was greater in ECs of
capillary hemangiomas than in those of cavernous
hemangiomas and normal controls. These findings are
compatible with those of a previous study (29). Similar
results were seen for the CD105 staining index. Consis-
tent with our results, Miller et al. found a correlation
between CD105 and Ki-67 expression in blood vessels
in lung tumors (30).

VEGF-A-positive cells are present in stromal fibro-
blasts and inflammatory cells. VEGF-A staining score
was higher in capillary hemangiomas than in cavernous
hemangiomas and normal controls, which confirms the
findings of previous studies (19,31) and suggests that
VEGF-A overexpression causes proliferation of blood
vessels in capillary hemangiomas. Yuan et al. suggested
that capillary hemangiomas are caused by an imbalance
between angiogenesis enhancers and inhibitors (31).
Bragado et al. hypothesized that early VEGF-A expres-
sion by endothelial cell precursors induces endothelial
cell proliferation and that this phenomenon might lead to
involution of capillary hemangiomas (19). At present, no
data are available to identify the mechanism of VEGF-A
expression in capillary hemangiomas.

COX-2-positive cells are found in stromal fibroblasts
and macrophages. COX-2 staining score was high in
cavernous and capillary hemangiomas; however, no
significant difference was observed in COX-2 expression
in capillary hemangiomas and normal controls. COX-2 is
important in VEGF-induced angiogenesis via the p38 and
JNK kinase activation pathways (32). Hence, the high
staining scores for COX-2 and VEGF-A might reflect the
biological characteristics of capillary hemangioma.

In summary, the biological characteristics of the inves-
tigated hemangiomas differed. The blood ECs of capillary
hemangiomas have an active proliferative capacity,
which is reflected in the significantly elevated expression
of CD105 and Ki-67. VEGF-A- and COX-2-positive
cells may be involved in the proliferative activity of ECs.
In contrast, the ECs of cavernous hemangiomas had low
levels of CD105 and Ki-67. These results suggest that
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dilatation of pre-existing blood vessels contributes to the
development of cavernous hemangiomas. However, the
mechanism responsible for formation of dilated vessels
remains unclear and should be investigated in future
research.

Acknowledgments

This study was supported by grant from the Sato Fund
(2012), Dental Research Center (2014) of Nihon University
School of Dentistry, and Grant-in-Aid for Scientific Research
(N0.24593066).

10.

11.

12.

13.

References

. Goldblum JR, Folpe AL, Weiss SW (2013) Enzinger and

Weiss’s Soft tissue tumors. 6th ed, Elsevier, Philadelphia,
639-680.

. International Society for the Study of Vascular Anomalies

(2014) ISSVA classification for vascular anomalies. Approved
at the 20th ISSVA Workshop, Melbourne.

. Sangueza OP, Kasper RC, LeBoit P, Calonje E, Lee KC, Chan

JKC et al. (2006) Vascular tumours. In: World Health Orga-
nization classification of tumours. Pathology and genetics
of skin tumours. LeBoit PE et al. ed, IARC press, Lyon,
233-246.

. Chiu A, Czader M, Cheng L, Hasserjian RP, Wang M,

Bhagavathi S et al. (2011) Clonal X-chromosome inactiva-
tion suggests that splenic cord capillary hemangioma is a
true neoplasm and not a subtype of splenic hamartoma. Mod
Pathol 24, 108-116.

. Satterthwaite AB, Burn TC, Le Beau MM, Tenen DG (1992)

Structure of the gene encoding CD34, a human hematopoietic
stem cell antigen. Genomics 12, 788-794.

. Denis CV (2002) Molecular and cellular biology of von

Willebrand factor. Int J Hematol 75, 3-8.

. Mendolicchio GL, Ruggeri ZM (2005) New perspectives on

von Willebrand factor functions in hemostasis and throm-
bosis. Semin Hematol 42, 5-14.

. Quackenbush EJ, Letarte M (1985) Identification of several

cell surface proteins of non-T, non-B acute lymphoblastic
leukemia by using monoclonal antibodies. J Immunol 134,
1276-1285.

. Gougos A, Letarte M (1988) Identification of a human endo-

thelial cell antigen with monoclonal antibody 44G4 produced
against a pre-B leukemic cell line. J Immunol 15, 1925-1933.
Lebrin F, Deckers M, Bertolino P, Ten Dijke P (2005) TGF-B
receptor function in the endothelium. Cardiovasc Res 65,
599-608.

Ferrara N, Gerber HP, LeCouter J (2003) The biology of
VEGEF and its receptors. Nat Med 9, 669-676.

Turley H, Scott PA, Watts VM, Bicknell R, Harris AL, Gatter
KC (1998) Expression of VEGF in routinely fixed mate-
rial using a new monoclonal antibody VG1. J Pathol 186,
313-318.

Janmohamed SR, Madern GC, de Laat PC, Oranje AP (2015)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Educational paper: pathogenesis of infantile haemangioma,
an update 2014 (part I). Eur J Pediatr 174, 97-103.

Tsujii M, DuBois RN (1995) Alterations in cellular adhesion
and apoptosis in epithelial cells overexpressing prostaglandin
endoperoxide synthase 2. Cell 83, 493-501.

Wang D, DuBois RN (2004) Cyclooxygenase 2-derived
prostaglandin E, regulates the angiogenic switch. Proc Natl
Acad Sci U S A 101, 415-416.

Wakulich C, Jackson-Boeters L, Daley TD, Wysocki GP
(2002) Immunohistochemical localization of growth factors
fibroblast growth factor-1 and fibroblast growth factor-2 and
receptors fibroblast growth factor receptor-2 and fibroblast
growth factor receptor-3 in normal oral epithelium, epithelial
dysplasias, and squamous cell carcinoma. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 93, 573-579.

Suster S, Wong TY (1994) On the discriminatory value of
anti-HPCA-1 (CD-34) in the differential diagnosis of benign
and malignant cutaneous vascular proliferations. Am J
Dermatopathol 16, 355-363.

Martin-Padura I, De Castellarnau C, Uccini S, Pilozzi E,
Natali PG, Nicotra MR et al. (1995) Expression of VE
(vascular endothelial)-cadherin and other endothelial-specific
markers in haemangiomas. J Pathol 175, 51-57.

Bragado R, Bello E, Requena L, Renedo G, Texeiro E, Alvarez
MV et al. (1999) Increased expression of vascular endothelial
growth factor in pyogenic granulomas. Acta Derm Venereol
79, 422-425.

Wilting J, Papoutsi M, Christ B, Nicolaides KH, von
Kaisenberg CS, Borges J et al. (2002) The transcription factor
Prox1 is a marker for lymphatic endothelial cells in normal
and diseased human tissues. FASEB J 16, 1271-1273.
Epivatianos A, Antoniades D, Zaraboukas T, Zairi E,
Poulopoulos A, Kiziridou A et al. (2005) Pyogenic granuloma
of'the oral cavity: comparative study of'its clinicopathological
and immunohistochemical features. Pathol Int 55, 391-397.
Vasconcelos MG, Alves PM, Vasconcelos RG, da Silveira EJ,
Medeiros AM, de Queiroz LM (2011) Expression of CD34
and CD105 as markers for angiogenesis in oral vascular
malformations and pyogenic granulomas. Eur Arch Otorhi-
nolaryngol 268, 1213-1217.

Wood HB, May G, Healy L, Enver T, Morriss-Kay GM (1997)
CD34 expression patterns during early mouse development
are related to modes of blood vessel formation and reveal
additional sites of hematopoiesis. Blood 90, 2300-2311.
Soares AB, Altemani A, Furuse C, Demasi AP, Gati C, Nunes
Netal. (2008) Intravascular papillary endothelial hyperplasia:
report of 2 cases and immunohistochemical study. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 106, 708-711.
Vassilopoulos SI, Tosios KI, Panis VG, Vrotsos JA (2011)
Endothelial cells of oral pyogenic granulomas express eNOS
and CD105/endoglin: an immunohistochemical study. J Oral
Pathol Med 40, 345-351.

Maddaluno L, Rudini N, Cuttano R, Bravi L, Giampietro C,
Corada M et al. (2013) EndMT contributes to the onset and
progression of cerebral cavernous malformations. Nature



27.

28.

498, 492-496.

Liu Z, Lebrin F, Maring JA, van den Driesche S, van der
Brink, van Dinther M S et al. (2014) ENDOGLIN is dispens-
able for vasculogenesis, but required for vascular endothelial
growth factor-induced angiogenesis. PLoS One 28, €86273.
Burgdorf WH, Mukai K, Rosai J (1981) Immunohistochem-
ical identification of factor VIII-related antigen in endothelial
cells of cutaneous lesions of alleged vascular nature. Am J
Clin Pathol 75, 167-171.

29. Nagasaka M, Naganuma H, Satoh E (2007) Growth potential

of orbital cavernous hemangioma suggested by vascular
endothelial growth factor and its receptor flk-1. Neurol Med
Chir (Tokyo) 47, 5-10.

30.

31.

32.

53

Miller DW, Graulich W, Karges B, Stahl S, Ernst M,
Ramaswamy A et al. (1999) Elevated expression of endoglin,
a component of the TGF-beta-receptor complex, correlates
with proliferation of tumor endothelial cells. Int J Cancer 81,
568-572.

Yuan K, Jin YT, Lin MT (2000) The detection and comparison
of angiogenesis-associated factors in pyogenic granuloma by
immunohistochemistry. J Periodontol 71, 701-709.

Wu G, Luo J, Rana JS, Laham R, Sellke FW, Li J (2006)
Involvement of COX-2 in VEGF-induced angiogenesis via
P38 and JNK pathways in vascular endothelial cells. Cardio-
vasc Res 69, 512-519.



