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Histomorphometrical study in cavernous lymphangioma
of the tongue
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Japan

OBJECTIVE: To study the histomorphometrical charac-

teristics of lymphatic vessels in cavernous lymphangio-

mas of the tongue.

MATERIAL AND METHODS: Immunohistochemical

stainings were prepared in the 20 specimens with three

antibodies [D2-40, CD31 and proliferating cell nuclear

antigen (PCNA)]. Three-dimensional (3D) reconstruc-

tion and histometrical analysis of the lymphatic vessels

was also examined.

RESULTS: Distinctly positive staining for D2-40 was

found in dilated lymphatic vessels located in the lamina

propria beneath the thinned covering epithelium. Small

blood vessels stained positively for CD31 were present in

the lamina propria. PCNA-positive lymphatic endothelial

cells were scattered in both control and lymphangioma.

The 3D architecture of lymphatic vessels was character-

ized by a complex network with irregular branches in the

lamina propria. Histometrical analysis showed that the

number of lymphatic endothelial cells per lymphatic

vessel perimeter in cavernous lymphangioma was signi-

ficantly higher than that in control. There were no sig-

nificant differences in the lymphatic density and the ratio

of PCNA-positive lymphatic endothelial cell nuclei to the

total number of lymphatic endothelial cell nuclei between

control and lymphangioma.

CONCLUSIONS: These results indicate the absence of

excessive endothelial cell proliferation in dilated lym-

phatic vessels in cavernous lymphangioma. Cavernous

lymphangioma may be attributed to the enlargement of

lymphatic vessels without the tumorous proliferation

of lymphatic endothelial cells.
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Introduction

Lymphangiomas are uncommon congenital hamarto-
mas of the lymphatic system, usually diagnosed in
infancy and early childhood as lobulated masses or
cystic lesions arising in the head and neck, axilla, and
abdomen (Bill and Sumner, 1965; Enzinger and Weiss,
1995). Oral lymphangiomas occur in the cheek, floor of
the mouth, lips, and most commonly the tongue
(Brennan et al, 1997; Park et al, 2002; Hudson and
Meszaros, 2003). Tongue lymphangiomas typically
show multiple blister-like nodules on the enlarged dorsal
surface of the tongue. These lesions may also be diffuse,
involving large portions of the tongue, causing macro-
glossia (Guelmann and Katz, 2003).

Histopathologically, lymphangiomas are classified
into three types: simple, cavernous, and cystic (Ikemura
et al, 1987; Balakrishnan and Bailey, 1991; Enzinger and
Weiss, 1995). Simple lymphangiomas consist of a
proliferation of thin-walled, endothelium-lined, capil-
lary-sized lymphatic vessels (Enzinger and Weiss, 1995;
Shimizu et al, 1999). Cavernous lymphangiomas are
characterized by the presence of dilated endothelium-
lined lymphatic vessels (Enzinger and Weiss, 1995).
Cystic lymphangiomas are made up of large macro-
scopic lymphatic vessels and are formed by multilocular
cystic masses of various sizes (Ikemura et al, 1987;
Enzinger and Weiss, 1995; Shimizu et al, 1999). Most
tongue lymphangiomas are cavernous, characterized by
dilated lymphatic vessels invading surrounding tissues
(Enzinger and Weiss, 1995).

Although previous studies have examined lymphatic
and blood vessels in lymphangioma, the lack of reliable
lymphatic endothelial markers has led to inconsistent
results concerning the lymphatic vasculature of lym-
phangiomas. The architectures of blood and lymphatic
vessels share similarities, but have distinct differences
(Albertine et al, 1982; Azzali, 2003; Rovenská et al,
2003). Blood vessels recruit supporting pericytes and
smooth muscle cells, which produce extracellular matrix
as the vasculature matures (Albertine et al, 1982). On
the other hand, lymphatic vessels have only a sparse
covering of recruited supporting cells and lack a
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continuous basement membrane, thus accounting for
their permeability (Rovenská et al, 2003). Blood vessels
show tight junctions, whereas lymphatic vessels have
fenestrations, suggesting differences in cell–cell interac-
tions (Rovenská et al, 2003).

Despite obvious differences between blood and lym-
phatic vessels, molecular markers capable of distinguish-
ing these vessels were previously unavailable. During the
past decade, however, several molecules unique to lym-
phatic vessels have been identified (Erovic et al, 2003;
Streit and Detmar, 2003). The development of new
analytical tools has permitted the lymphatic system and
its relevance to disease to be studied at themolecular level.

In this study, the histomorphometrical characteristics
of lymphatic vessels in cavernous lymphangioma of the
tongue were assessed in association with histochemical,
immunohistochemical, three-dimensional (3D), and
histometrical examinations.

Material and methods

The 20 specimens of cavernous lymphangioma of the
tongue examined in this study were gathered from the
surgical pathology case files (between 1980 and 2002)
retained at Tohoku University Graduate School of
Dentistry. The cases were 10 men and 10 women, 2–
68 years of age (totally 20 specimens; mean age,
21.7 years). Specimens of oral normal mucosa (control)
were taken from the resection margins of cavernous
lymphangioma specimens showing no signs of inflam-
mation. Biopsy specimens had been fixed in 10%
formalin solution, dehydrated in graded ethanol solu-
tions and xylene, and embedded in paraffin. Paraffin-
embedded blocks were sectioned in 3-lm-thick slices
and mounted on glass slides.

Immunohistochemical staining
CD31 (1:40, Dako, Kyoto, Japan) and D2-40 (1:40,
Tarner, Osaka, Japan), specific markers for panendot-
helial vessels (CD31) and lymphatic vessels (D2-40),
respectively, were used in this study. In addition,
proliferating cell nuclear antigen (PCNA, 1:100,
DAKO, Kyoto) was used to detect lymphatic endothel-
ial cell proliferation. For CD31 and D2-40 staining,
antigen retrieval was done by heating slides for 30 min
in citrate buffer (pH 6.0) at 98�C. No antigen retrieval
was required for PCNA immunohistochemistry. After
antigen retrieval, a cooling off period of 20 min
preceded pre-incubation for 15 min in wash buffer
(DakoCytomation); after which endogenous peroxidase
activity was quenched using peroxidase-blocking solu-
tion (DakoCytomation). The slides were incubated with
each primary antibody for 16 h at 4�C. Antibody
binding was visualized using the EnVision + Dual Link
system and diaminobenzidine as chromogen
(DakoCytomation). The slides were counterstained
and mounted.

Three-dimensional reconstruction
Representative sections were selected for 3D reconstruc-
tion, done with the use of a computer graphics analysis

system (OZ, Rise Co., Miyagi, Japan) after hematoxylin
and eosin (H&E) staining and immunohistochemical
staining. Briefly, 100 serial sections 3 lm in thickness
were prepared, thereby covering a total thickness of
300 lm. A digital camera (Penguin 600CL; Pixera Co.,
CA, USA) was used. Serial photographic images of the
outlines of the lymphatic vessels and covering epithe-
lium of the cavernous lymphangiomas were traced
manually on the computer screen and were converted
into computer-generated 3D images suitable for exam-
ination from different perspectives.

Histometrical analysis
Microscopic fields were captured at 400· magnification
(40 objective and 10 ocular) with a microscope (BH-2;
Olympus, Tokyo, Japan) coupled to a digital camera
system for microscopy (Penguin 600CL; Pixera Co., Los
Angeles, CA, USA). The images were stored in the
digital memory and displayed on the monitor. Three
microscopic fields were randomly selected on serial
histological sections labeled by the primary antibodies,
CD31 and D2-40. The same microscopic fields of the
serial sections were examined under a light microscope.
Immunolabeled lymphatic vessels were manually out-
lined. The number of lymphatic vessels per square
millimeter, the size of lymphatic vessels, and the number
of lymphatic endothelial cells per lymphatic vessel
perimeter were then examined by image analysis.
Moreover, the total number of PCNA-positive lympha-
tic endothelial cells per lymphatic vessel perimeter was
counted. The PCNA index for each lesion was calcula-
ted by the following formula: (number of PCNA-
positive lymphatic endothelial cell nuclei/total number
of lymphatic endothelial cell nuclei) · 100.

Statistical analysis
All values are expressed as mean ± standard deviation.
The statistical significance of differences between groups
was assessed by repeated-measures analysis of variance
(ANOVA) or Student’s t-test, as appropriate. Differ-
ences with P values <0.05 were considered statistically
significant.

Results

Histopathologic findings
In the control, there were no dilated vessels or vascular
proliferation in the lamina propria. Several vessels
showed flat-lined endothelium with a wavy outline. In
contrast, the cavernous lymphangioma specimens were
composed of proliferating large dilated vessels located in
the lamina propria beneath the thinned covering epi-
thelium (Figure 1a). Lymphatic vessels were distinguish-
able from blood vessels for their very thin vessel wall.
Blood vessels had a thicker wall and contained red
blood cells (Figure 1b).

Immunohistochemical findings
On immunohistochemical studies, blood vessels stained
CD31 positive and D2-40 negative. Blood vessels were
recognized by intravascular erythrocytes and smooth
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muscle cells (Figure 2a). Conversely, lymphatic vessels
were strongly D2-40 positive and weakly CD31 positive.
Lymphatic vessels were confirmed by the presence of
flat-lined endothelium with a wavy outline and extre-
mely scant cytoplasm and by the absence of intravas-
cular erythrocytes and a smooth muscle cell layer
(Figure 2b). In control, both blood and lymphatic
vessels were located in the lamina propria. Lymphatic
vessels were comma-shaped small structures with tiny
lumens. In the cavernous lymphangiomas, the dilated
vessels located in the lamina propria beneath the thinned
covering epithelium were stained by D2-40, indicating
lymphatic vessels.

Three-dimensional findings (Figure 3)
In control (Figure 3, left side) lymphatic vessels gave rise
to progressively smaller branches near the covering
epithelium in the lamina propria. An orderly network of
lymphatic vessels was visible in the lamina propria.

In cavernous lymphangioma (Figure 3, right side)
lymphatic vessels presented a complex network charac-
terized by irregular branching with dilated lymphatic
spaces of various sizes. Lymphatic vessels in the lamina
propria were larger than those in other regions and

usually presented with island-like dilatations. Island-like
lymphatic vessels were connected to or in direct contact
with smaller lymphatic vessels.

Histometrical findings
Lymphatic vessel density (number of lymphatic vessels
per square millimeter) (Figure 4a)
The mean number (±s.d.) of lymphatic vessels per
square millimeter in control and cavernous lymphangi-
oma was 22.5 (±13.7) and 23.9 (±14.0), respectively.
This difference was not significant.

Figure 1 In cavernous lymphangioma, dilated vessels were located in
the lamina propria beneath the thinned covering epithelium (a, H&E
·20). Lymphatic vessels were distinguishable from blood vessels for
their very thin vessel wall. Blood vessels had a thicker wall and
contained red blood cells (b, H&E ·400) (LV: lymphatic vessel, BV:
blood vessel)

Figure 2 Immunohistochemical staining of consecutive sections of
cavernous lymphangioma for CD31 (a, ·100) and D2-40 (b, ·100).
Lymphatic vessels stained weakly CD31 positive and strongly D2-40
positive, whereas blood vessels CD31 positive and D2-40 negative
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Size of lymphatic vessels (Figure 4b)
The mean size (±s.d.) of lymphatic vessels in control
and cavernous lymphangioma was 1034.7 (±1770.8)
lm2 and 18663.3 (±45124.8) lm2, respectively. This
difference was significant (P < 0.001).

Number of lymphatic endothelial cells per lymphatic
vessel perimeter (Figure 5)
The mean number (±s.d.) of lymphatic endothelial cells
per lymphatic vessel perimeter in control and cavernous
lymphangioma was 27.4 (±13.2) and 55.0 (±22.4),
respectively (Figure 5a). This difference was significant
(P < 0.01). The relations between the numbers of
lymphatic endothelial cells and the lymphatic vessel
perimeters in control and cavernous lymphangioma are
shown in Figure 5b. There were a significant correlation
between these variables in both the control and cavernous
lymphangioma (y ¼ 0.023x + 0.52, y ¼ 0.033x +3.97,
respectively).

Figure 3 3D architecture of lymphatic vessels in control tissue and
cavernous lymphangioma (left side: control, right side: cavernous
lymphangioma) (LV: lymphatic vessel, Ep: covering epithelium)

Figure 4 (a) Lymphatic vessel density (number of lymphatic vessels
per square millimeter) in control and cavernous lymphangioma. (b)
Size of lymphatic vessels in control and cavernous lymphangioma (C:
control, T: cavernous lymphangioma, **P < 0.001)

Figure 5 (a) Number of lymphatic endothelial cells per lymphatic
vessel perimeter. (b) Relations between the numbers of endothelial cells
in lymphatic vessels and the lymphatic vessel perimeters. A statistically
significant correlation was present in both the control and cavernous
lymphangioma (C: control, T: cavernous lymphangioma, *P < 0.01)
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PCNA index of lymphatic endothelial cells (Figure 6)
The mean PCNA index (±s.d.) of lymphatic endothelial
cells in control and cavernous lymphangioma was 1.9%
(±3.5) and 3.5% (±7.6), respectively. This difference
was not significant.

Discussion

In the past, studies of the lymphatic vasculature were
precluded by the lack of specific lymphatic endothelial
markers (Sleeman et al, 2001). However, the recent
identification of various specific lymphatic endothelial
markers has greatly facilitated studies of lymphangio-
genesis (Kahn et al, 2002; Koizumi et al, 2002; Jackson,
2003; Streit and Detmar, 2003; Franke et al, 2004).
These markers have enabled studies of the immunohist-
ochemical characteristics of lymphangiomas. D2-40 is a
recently developed, commercially available monoclonal
antibody that reacts with a 40-kd antigen in fetal germ
cells and germ cell tumors (Marks et al, 1999; Ordóñez,
2005). Because the antigen recognized by this antibody
is selectively expressed in lymphatic endothelium, it has
been shown that it could be very helpful in both the
diagnosis of lymphatic derived tumors and determining
lymphatic invasion by tumors (Ordóñez, 2005; Renyi-
Vamos et al, 2005; Van der Auwera et al, 2005). The
present study showed that D2-40 was excellent immu-
nohistochemical markers of lymphangiomas. This new
marker clearly distinguished lymphatic vessels from
blood vessels, even when the vessels were in close
proximity.

Recently, lymphangiogenesis has been found to play
important roles not only in physiologic processes such
as embryonic development and tissue regeneration,
but also in tumor progression and metastasis. Lymph-
angiogenesis has central roles in the transition from
hyperplasia to neoplasia, in the progression from a
low grade to a high grade of neoplasia, and in
augmenting metastatic potential (Nisato et al, 2003;
Pepper et al, 2003; He et al, 2004; Shields et al, 2004).
The development and growth of lymphatic vessels is
usually quantified on the basis of lymphatic vessel

density (Straume et al, 2003; Shields et al, 2004). This
parameter, considered an index of lymphangiogenesis,
is regarded to be a useful tool in oncology. In the
present study, there was no significant difference in
lymphatic density between control and cavernous
lymphangioma. This finding may indicate that lym-
phatic density is not a distinguishing feature of
cavernous lymphangioma.

Most regard lymphangiomas as malformations that
arise from sequestrations of lymphatic tissue that fail to
communicate normally with the lymphatic system (Hu-
ang et al, 2001). These remnants may have some
capacity to proliferate, but more importantly they
accumulate vast amounts of fluid, which accounts for
their cystic appearance. Most lymphangiomas manifest
clinically during childhood and develop in areas where
primitive lymph sacs occur. This fact provides presump-
tive evidence for the hypothesis that lymphangiomas
originate from sequestrations of lymphatic tissue. It has
also been argued that instead of being a congenital
malformation, lymphangioma is a true neoplasm result-
ing from transformed lymphatic endothelial cells, stro-
mal cells, or both (Enzinger and Weiss, 1995). On the
basis of the present findings, this hamartomatous
hypothesis seems to be reasonable in cavernous lymph-
angioma because PCNA indexes of lymphatic vessels
were similar in control and cavernous lymphangioma.
On the other hand, the present study showed that the
number of lymphatic endothelial cells per lymphatic
vessel perimeter in cavernous lymphangioma was signi-
ficantly higher than that in control. This result may
indicate that some kind of the stimulation may play an
important role in pathogenesis in cavernous lymphan-
gioma.

In the previous study, various histometrical parame-
ters about lymphatic vessels could be manually deter-
mined by two-dimensional (2D) analysis. However, 2D
analysis could not assess the architecture of lymphatic
vessel networks. With the use of a 3D reconstruction
program, images showing the 3D structure of lymphatic
vessels could be constructed and displayed on a computer
screen and repeatedly viewed from different perspectives
until various connections and structural interrelation-
ships were discerned. In cavernous lymphangioma,
irregular branching of lymphatic vessels as well as
lymphatic dilation could be characterized. These results
indicate that cavernous lymphangioma may be attrib-
uted to the dilated and/or cystic growth of lymphatic
vessels into surrounding tissues and not to the tumorous
proliferation of lymphatic endothelial cells.
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